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Abstract. Snow is an important freshwater resource that impacts the health and well-being of communities, the economy, and

sustains ecosystems of the cryosphere. This is why there is a need for a spaceborne Earth observation mission to monitor global

snow conditions. Environment and Climate Change Canada, in partnership with the Canadian Space Agency, is developing a

new Ku-band synthetic aperture radar mission to retrieve snow water equivalent (SWE) at a nominal resolution of 500 m,

and weekly coverage of the cryosphere. Here, we present the concept of the SWE retrieval algorithm for this proposed satellite5

mission. It is shown that by combining a priori knowledge of snow conditions from a land surface model, like the Canadian Soil

Vegetation Snow version 2 model (SVS-2), in a Bayesian model
::::::
Markov

:::::
Chain

::::::
Monte

:::::
Carlo

::::::::
(MCMC)

::::::::
Bayesian

:::::
model

:::::::
coupled

::::
with

:::
the

:::::
Snow

:::::::::
Microwave

::::::::
Radiative

:::::::
Transfer

::::::
model

:::::::
(SMRT), we can retrieve SWE with an RMSE of 15.8 mm (16.4 %) with

an
:::
and

::
a

::::::::::::::
MCMC-retrieved

:::::
SWE uncertainty of 23.4 mm (25.2 %). To achieve this accuracy, a larger uncertainty in the a priori

grain size estimation is required, since this variable is known to be underestimated within SVS-2 and has a considerable impact10

on the microwave scattering properties of snow. It is also shown that adding four observations from different incidence angles

improves the accuracy of the SWE retrieval because these observations are sensitive to different scattering mechanisms of the

snowpack. These results validate the mission concept of the proposed Canadian satellite mission.

1 Introduction

Yearly, snow can cover more than 50 % of the terrestrial northern hemisphere (Robinson et al., 2012) and is an important15

fresh water resource that impacts the health and well-being of communities, the economy, and sustains ecosystems (Meredith

et al., 2019). Snow extent and mass trends are forecasted to keep decreasing at a rate up to -50 x 106 km2 year−1 and -

5 Gt year−1, respectively (Mudryk et al., 2020). Yet, it is still the only component of the water cycle that, currently, does

not have a dedicated Earth Observation (EO) mission (Derksen et al., 2019). Monitoring snow water equivalent (SWE), i.e.

the amount of water stored in solid or liquid form in the snowpack, at high spatio-temporal resolution is critical for climate20

services, water resource management, and environment prediction (Garnaud et al., 2019; Kim et al., 2021; Cho et al., 2023).

Following the work done for the European Space Agency (ESA) Earth Explorer 7 Cold Regions Hydrology High-resolution
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Observatory (CoReH2O) mission (Rott et al., 2010), and recent work in the field of microwave snow remote sensing (Tsang

et al., 2022), Environment and Climate Change Canada (ECCC), in partnership with the Canadian Space Agency (CSA), are

developing a synthetic aperture radar (SAR) satellite mission that aims at imaging the Northern Hemisphere at a nominal25

resolution of 500 m on a weekly basis, currently named, the Terrestrial Snow Mass Mission (TSMM) (Derksen et al., 2019).

The international snow community has made considerable progress in the recent decade in demonstrating that Ku-Band

radar measurements provide the best option for future satellite missions to monitor snow as a water resource at sub-kilometer

:::::::::::
sub-kilometre

:
spatial resolution, due to its sensitivity to SWE via its volume scattering in dry snow and its sensitivity to its

phase (wet/dry) (Tsang et al., 2022). Even though passive microwave measurements show the same sensitivity to SWE and30

snow phase, the technology does not currently provide sub-kilometer
:::::::::::
sub-kilometre measurements (Galeazzi et al., 2023). It

is also known that, due to the sensitivity of the Ku-band radar backscatter (�0) to the snow microstructure (King et al., 2018;

Picard et al., 2022b; Montpetit et al., 2024), retrieving SWE from a single microwave measurement can prove challenging

(Lemmetyinen et al., 2018; Pan et al., 2024). This is why TSMM presents a dual Ku-Band frequency (13.25 and 17.5 GHz),

dual polarization (VV/VH) concept to constrain a retrieval algorithm with more measurements, i.e. the higher Ku frequency35

being more sensitive to snow microstructure than the lower frequency and the cross-polarization signal being more sensitive

to interactions within the snow volume than the co-polarization (Ulaby and Ravaioli, 2020). The main objective of TSMM is

to retrieve SWE from these satellite observations with a seasonal root-mean-square error (RMSE) of 25 % in alpine regions

and 30 mm elsewhere (Derksen et al., 2019). These observations will then be ingested into the Canadian Land Data Assimi-

lation Scheme (CaLDAS) (Carrera et al., 2015; Garnaud et al., 2021) in order to improve ECCC’s numerical weather/climate40

prediction services. Assimilating TSMM retrievals will also help improve surface modeling
::::::::
modelling

:
like the Canadian Soil

Vegetation Snow (SVS) (Leonardini et al., 2021) model and other hydrological systems such as the Canadian Hydrological

Model (CHM) (Marsh et al., 2020). This study aims at developing the workflow that will be used to derive SWE from the

dual-frequency SAR measurements and also provide stratified snow information that will be crucial to improve hydrological

and land surface modeling
::::::::
modelling via data assimilation across all the various landscapes found in Canada.45

Many studies have developed Bayesian methods to retrieve SWE from SAR (Rott et al., 2012; Singh et al., 2024; Pan

et al., 2024).
:
It
:::

is
:::
key

:::
for

:::::
these

:::::::
methods

:::
to

::::::::
correctly

::::::
specify

:
SWE

:::::::::
uncertainty,

::::::
where

::
it

:::
was

::::::::
achieved

:::
by

:::::::::
specifying

:::::
layer

:::
and

::::::
density

::::::::::::
uncertainties. Rott et al. (2012) used a constrained minimization approach where SWE and effective snow grain

radius was optimized iteratively to match forward modeled
:::::::
modelled

:
and measured �0. This method was intended to be

applied to X-band and Ku-band �0 measurements for the CoReH2O mission. Singh et al. (2024) used a Bayesian inference50

model that seeks to estimate the joint probability of backscatter measurements and snow properties. Prior distributions of

snow parameters were necessary for this approach and were obtained from a multilayered snow hydrological model driven by

numerical weather prediction (NWP) forecasts. This method was also applied to X- and Ku-band SAR data and showed great

success rate to retrieve SWE over Grand Mesa, Colorado, USA. Pan et al. (2024) modified the Bayesian-based Algorithm for

SWE Estimation (Pan et al., 2017) to apply it to active microwave measurements. This methods relies on the Markov Chain55

Monte Carlo (MCMC) method to optimize multiple snow properties simultaneously to minimize a cost function between the
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measured and forwardmodeled
::::::::
modelled

:
� 0. They showed that an RMSE below 30 mm of SWE could be achieved when

applied to X- and Ku-band data.

This study uses a Bayesian approach on data acquired during the 2018/19 Trail Valley Creek (TVC) experiment , where

only single frequency Ku-band VV polarization data was acquired from an airborne platform (Montpetit et al., 2024). Since it60

has been largely documented that using a multi-layered snowpack approach considerably improves SWE retrievals compared

to single layer snowpack (Pan et al., 2024; Durand et al., 2024; Singh et al., 2024; Lemmetyinen et al., 2018), this study only

focuses on a multi-layered approach. We focus on the two dominant snow layers observed in an Arctic snowpack, i.e. a dense

wind compacted rounded grains (R) snow layer at the surface with a coarse depth hoar (DH) layer at the bottom (Montpetit

et al., 2024; Rutter et al., 2019; Derksen et al., 2009). The retrieval algorithm developed for this study was inspired by previous65

work using the MCMC method (Pan et al., 2024; Picard et al., 2022a; Pan et al., 2017). Section 3 details how the approach used

in this study differs from previous work. In the context of an EO algorithm development, emphasis will be given on the need

to include quality spatio-temporal information. Methods to improve computation ef�ciency, without compromising retrieval

accuracy will also be presented.

Section 2 brie�y describes the 2018/19 TVC experiment. For a more detailed explanation, please refer to Montpetit et al.70

(2024). Section 3.5 details the SWE retrieval architecture as well as the processing applied to �eld measurements in order

to properly compare the outputs of the retrieved MCMC snow properties with surveyed properties in the �eld. Section 4.1

compares the Canadian land surface model Canadian Soil Vegetation Snow version 2 (SVS-2) outputs(Woolley et al., 2024)

:::::::::::::::::::::::::::::::::::
(Vionnet et al., 2025; Woolley et al., 2024) to �eld measurements, while section 4.2 shows the results to validate the MCMC

approach. Sections 4.3 and 4.4 show the comparisons of the MCMC retrieved SWE and vertical snow properties to the surveyed75

properties. The ef�ciency of the MCMC method to retrieve SWE is assessed in section 5. Considerations in order to estimate

both SWE and snow properties that are representative of actual snow conditions on the ground and the usage of SVS-2 and its

future improvements to be implemented are also discussed in section 5.

2 The Trail Valley Creek 2018/19 Snow Radar Experiment

The TVC 2018/19 experiment was designed by ECCC to advance science readiness activities for TSMM. The TVC wa-80

tershed, near Inuvik, Northwest Territories, Canada, was selected since many snow and hydrological research activities are

conducted there every year (e.g., Shi et al., 2015; Wilcox et al., 2022). Including the airborne SAR campaign for this study

(Siqueira et al., 2021), there has been other similar campaigns over TVC like the SnowSAR campaign of 2012/13 (King

et al., 2018) and more recently, in April 2024, the Cryospheric SAR (CryoSAR) instrument (Kelly et al., 2024) onboard

the Alfred Wagner Institute (AWI) Polar 5 (Haas et al., 2024) was �own with a dual L- and Ku-band SAR. Other work at85

TVC focused on improving land surfacemodeling
::::::::
modelling

:
of Arctic environments (Woolley et al., 2024) using the En-

semble System Crocus (ESCROC) model (Lafaysse et al., 2017), which was implemented in the SVS-2 land surface model

(Vionnet et al., 2022; Garnaud et al., 2019)
::::::::::::::::::::::::::::::::::::::::
(Vionnet et al., 2025, 2022; Garnaud et al., 2019).
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