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SnowTinel goals
Sentinel 1 satellites with SAR (5.405 GHz):
 Very interesting for Snow Water Equivalent 

retrieval
 Worldwide, all weather, 20 m resolution
 Almost daily revisit by combining all orbits
 Because of radar absorption, works for dry 

snow, not for wet snow…
 Really not solution for SWE during melt 

periods?



SnowTinel concept
Comparing SAR backscattering with 
snow cover simulation:
 Well synchronized phases
 First Liquid Water Content → SAR 

signal starts dropping
 Increase in LWC → more SAR 

attenuation
 Drop in Snow Water Equivalent

(start of runoff)→ SAR signal 
recovers

 Model this and assimilate SAR 
data to improve distributed SWE  
modeling during melt?

Marin, C., Bertoldi, G., Premier, V., Callegari, M., Brida, C., Hürkamp, K., Tschiersch, J., Zebisch, 
M., and Notarnicola, C.: Use of Sentinel-1 radar observations to evaluate snowmelt dynamics in 
alpine regions, The Cryosphere, 14, 935–956, https://doi.org/10.5194/tc-14-935-2020, 2020. 



SnowTinel methods, 2023
Putting together a ground truth dataset:
 3 times a week snow profiles: SWE, NIR, 

temperature, SSA, density, LWC (Denoth), LWC 
(melting calorimeter)

 Surface roughness (Lidar & Forex plate)
 Forcings → numerical snow cover simulations
 Snow scale, Lysimeter
 Stratigraphy profiles every 2 weeks
 Snow MicroPen daily profiles



More information
 Hopefully soon a data paper with all ground truth
 Upcoming paper on roughness measurements 

comparison (lidar / forex plate)
 Upcoming paper on sun cups formation



Connor McRae-Pharo
MSc - Geography & 

Environmental Management

https://www.linkedin.com/in/conno
r-mcrae-pharo-736402238/

cmcraeph@uwaterloo.ca

+1 250 686 9936

Research Focus

• Active spaceborne radar (RADARSAT 2)
• Ground penetrating radar (PulseEKKO)
• Freshwater lake ice features
• Backscatter analysis

• Polarimetric decomposition of freshwater lake ice 
backscatter

• Ice-Water interface roughness analysis using GPR

Current projects

https://www.linkedin.com/in/connor-mcrae-pharo-736402238/


Developing new tools  
measure arctic snow density

Érika  Boisvert-Vigneault
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Figure from Kramer e t  a l., 20 22



Looking Below The Surface With Synthetic Aperture Radar

Pol-InSAR:
Subsurface
Scattering
Models

PolSAR:
Wave propagation

HH polarized
VV polarized

. . .

TomoSAR:
3D Imaging

InSAR:
DEMs 𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷, 𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰 𝑺𝑺𝑺𝑺𝑺𝑺

= 𝒇𝒇 𝒗𝒗𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆 𝒃𝒃𝒃𝒃𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅
= 𝒇𝒇(𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅,𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈 𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔, 𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔, 𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓 𝒊𝒊𝒊𝒊𝒊𝒊 𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍, … )

Modelling Approaches

 SMRT!



Ice Edge Verification 
 
Measuring the skill in our Forecasts and 
disagreement in our Observations

Bimochan Niraula

FB-01, Universität Bremen

Alfred Wegener Institute – Helmholtz Center for Polar and Marine research 

Young Investigator Group
Seamless Sea Ice Prediction



Advances in X/Ku radar SWE Algorithms
• Goal: a global SWE satellite mission  snow RS community from Europe/N. America has been pursuing 

one for 20+ years
• many advances since ESA CoReH2O mission concept ~10 years ago
• validation using 8 airborne & tower field campaigns (e.g. SnowEx); more in progress

• Dense medium RT theory, bi-continuous media, numerical solution of Maxwell’s Eqs
• Recent review paper on radar snow sensing in the online journal Cryosphere.

• Extensive improved measurements and characterization of snow microstructure effects
• Extensive improved snow layering structure measurements and snow micro-physics models
• Rough surface scattering: improved understanding, extended high-freq limit
• Significantly improved understanding of forest effects & algorithms to retrieve SWE in forested areas
• Advances in combined active/passive as well as passive-only microwave snow retrievals

• Latest algorithm advances:
• Parametrized bi-continous DMRT  2 equations, 2 unknowns  don’t need detailed microstructure
• New insights regarding ‘priors’ and cost function approaches; detailed prior not needed; no prior needed
• Makes global snow retrieval far more practical
• High-frequency (≥ 10 GHz) surface scattering, separation of surface & volume scattering

• Basis of a NASA snow mission proposal being submitted by August 2, 2023! 
July 2023 SMRT workshop 2023 ed.kim@nasa.gov
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Lanqing Huang
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Sea Ice elevation retrieval using SAR Imagery
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Sea Ice elevation retrieval using SAR Imagery
Personal
• Postdoc: Lanqing Huang from ETH Zurich
Key words
• SAR: synthetic aperture radar
• Penetration bias = snow freeboard - 

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
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Study area: Weddell Sea, Antarctica
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L INA.ZSCHENDERLEIN@FMI.FI

6 – 8 July 2023

Snow Microwave Radiative Transfer Workshop
Passive Microwave Remote Sensing of Terrestrial Snow

Dry Snow Detection

- TB difference(s) → scattering

- Binary snow maps

- Processing step of SWE retrieval

Radiometric Test SceneSnow Mapping

Variability in Detection Success

- Minimum detectability (shallow snow)

- Changes with soil/vegetation

- Parameter space: H-pol (layering)

- Credibility for empirical algorithms

Copernicus Imaging Microwave Radiometer

- ESA CIMR L2 Algorithm Development

- SMRT = input TBs for test scenes

- High-resolution: incidence angle (terrain)



CryoSAR

 Ku/L-band SAR → snow properties

 Focus on soil-snow interactions

 In preparation for the Terrestrial Snow Mass 
Mission (TSMM)

SMRT Applications

 Changes in backscatter due to soil properties
 Roughness, moisture
 Soil type
 Freeze/thaw state

 Impact of layering
 Increase of melt/freeze events: ice lenses
 High seasonal variability of crystal types

 Something else???

Radar Remote Sensing of Terrestrial Snow

ZEINAB.AKHAVANHAMZEH@UWATERLOO.CA

SNOW MICROWAVE RADIATIVE TRANSFER WORKSHOP 2023

Ku-Band HH fieldwork



Microwave signatures of snow on sea iceAmy Macfarlane

SMRT workshop

6th-8th July 2023 Datasets:
ESA-SCANSAS
CIRFA cruise
MOSAiC
Antartica-Davis 

Work Packages:
WP1: Derive polydispersity from existing datasets.
WP2: Parameterise SMP to up-scale
WP3: Model and satellite simulations 

(Picard et al. 2022)

(credits H.Löwe)



Snow

Ice

Water

Connor Nelson

• Snow depth (hs) is a leading source of error in the conventional 
conversion from altimeter-derived ice freeboard to sea ice 
thickness (SIT).

Very simplified diagram

Active microwavePassive microwave

Dual-freq. radiometer

Sentinel-3

Ku-band altimeter

• Along-track snow depth product for Sentinel-3.
• Combination of coincident passive and active 

microwave measurements in a regression model.
• In theory, more accurate locally than external hs

values more accurate thickness?

• How does snow microstructure etc. impact this method? That’s what 
I’m here to begin finding out.

𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑓𝑓𝑖𝑖 𝜌𝜌𝑤𝑤+ ℎ𝑠𝑠
 
𝜌𝜌𝑠𝑠

𝜌𝜌𝑤𝑤 − 𝜌𝜌𝑖𝑖
 

Derived using altimeter

Taken from 
an external 
source (e.g., 
climatology 
or 
difference 
satellite 
product)

Snow depth for sea ice thickness



DTU Space6 July 2023

EO4GRHO
A Multi-Sensor Synthesis for Near-Surface Densities across Greenland

1

kimis@space.dtu.dk

OBJECTIVE: Timeseries of pan-Greenland near-surface density profiles 
APPROACH: Inversion of SMOS brightness temperatures pre-constrained with permittivities 
derived from CryoSat-2 (Ku) and SARAL (Ka) radar altimetry surface echo powers 

mailto:kimis@space.dtu.dk


Gabarró et al., 2022

ARIEL

ELBARA & UWBRAD

MOSAiC L-band radiometry – Ferran Hernández-Macià

CHARS campaign
November 2023

- Canadian High Arctic Research Station Campus (CHARS), Cambridge Bay 
- In collaboration with R. Scharien (U. Victoria) and G. Spreen (U. Bremen)

(Similar analysis 
for UWBRAD)

Ohio State 
University

Swiss Federal Institute 
for Forest, Landscape, 
and Snow Research



Modelling snow and ice 
microwave emissions

Janna E. Rückert
SMRT Workshop

Institute of Environmental Physics
University of Bremen

1

TB = F(p) + e

A priori background
Climatologies

-1 Windspeed
Total Water Vapor
Liquid Water Path
Sea-Surface Temperature
Ice/Snow Temperature
Sea-Ice Concentration
Multi-Year Ice Fraction
Snow Depth

Forward 
model

 

Surface part of forward model: 
Microwave emission model of sea ice and snow



1

Kaleschke, L., Maaß, N., Haas, C., Hendricks, S., Heygster, G., and Tonboe, R. T.: A 
sea-ice thickness retrieval model for 1.4 GHz radiometry and application to 
airborne measurements over low salinity sea-ice, The Cryosphere, 4, 583–592, 
https://doi.org/10.5194/tc-4-583-2010, 2010.



 Combination of interferometry and polarimetry
3. Idea

SWE Retrieval Using Interferometric & Polarimetric SAR Data
1. Model for repeat pass InSAR acquisitions
 Different dielectric properties in snow compared 

to air  refraction of radar waves

 Model snow pack to investigate effects of snow depth 
and anisotropy changes

5. Next step

2. Model for polarimetric SAR acquisitions
 Different polarizations show different propagation 

speeds in anisotropic snow

 Information on snow accumulation contained in 
co-polar-phase difference between VV and HH

 Phase change obtained for SWE change and for 
anisotropy change  possible to separate these effects?

4. Limitations for InSAR and PolSAR

SWE 
increase

SWE 
decrease

Change in snow 
microstructure

 Optical path length difference due to a SWE change 
can be measured with interferometric phase

snow



Multibeam Echosounder ©British Antarctic Survey

• B.Sc. Geography (GIS & Remote Sensing)
• M.Sc. Hydrography @ HCU Hamburg

• Seabed (Bathymetry), Sub-Seabed and Water Column studies with echosounders (active sonars)

• Topic of my thesis: echosounder data improvement with water properties information (temp, salinity, etc. 
from CTD casts)

• Sea ice thickness determination with echosounders (master thesis by Ellen Werner)

CTD, ©Helmholtz Institute

IMPROVES



SMOS

1

Sea ice thickness from SMOS   



Retrieval algorithm

● Radiation model consists of snow, ice 
and sea water layers

● Linear temperature profile is assumed 
in the snow and ice layers

● Snow layer is considered to be 
transparent in L-band

● Bulk ice temperature and bulk ice
salinity calculated with iteration
method

● Auxiliary data needed: surface ice 
temperature and wind speed from 
JRA55 reanalysis; Sea surface salinity 
from model output

● Radiation model can be used for 
assimilation in ocean-ice models as a 
“forward operator”

2



  

Combining observational data with numerical models to obtain a 
seamless high temporal resolution seasonal cycle of snow and ice

polona.itkin@uit.no

thick SYI

thin SYI

FYI



1) Objective: investigate the current state of Fürkeleferner as a basis for 
understanding the glacier response to the climate during the last glacier 
advance of the little ice age and in the 21st century

• COupled Snowpack and Ice surface energy and mass balance model in 
PYthon (COSIPY)

• measured atmospheric data, field data of glacier mass balance, albedo 
and glacier extent

• adaptation of DEM

2) Objective: improving snow modelling in the Arctic to study the impact 
of light absorbing impurities on snow properties and snow surface albedo

• snow model Crocus
• atmospheric measurements vs reanalyses
• measured snow properties and impurity content

daniela.krampe@awi.de



Microwave Remote Sensing of snow-covered Arctic Sea Ice using Multi-frequency Radar

Kiledar Singh Tomar
PhD Research Scholar

Cryosphere Climate Research Group
kiledar.tomar@ucalgary.ca

Supervisor
Dr. John Yackel

Cryosphere Climate Research Group
Department of Geography

Co-supervisor
Dr. Dustin Isleifson

Centre for Earth Observation Science

Determine the salient snow thermophysical properties that 
influence Ku-, X-, and C-band microwave signatures from 

relatively smooth snow-covered FYI

Sensitivity Analysis

Test Site

Central Canadian Arctic Archipelago

Resolute 
Bay

Scatterometer Data Snow Property Data

Snow-covered Sea Ice 
Modelling

Resolute Bay Campaign 2012 (Nandan et al. 2016)
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