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Abstract. The spatiotemporal evolution of snow melt is fundamental for water resources management and risk mitigation

in mountain catchments. Synthetic Aperture Radar (SAR) images acquired by satellite systems such as Sentinel-1 (S1) are

promising for monitoring wet snow due to their high sensitivity to liquid water content (LWC) and ability to provide spatially

distributed data at a high temporal resolutions
::::::::
resolution. While recent studies have successfully linked

:::::
linked

::::::::::::
multitemporal

S1 backscattering to various phasesof snowpack melting
:::::
snow

::::
melt

::::::
phases, a correlation with detailed snowpack properties is5

still missing. To address this, we collected the first dataset of detailed
:::::::::::::
comprehensive wet snow properties tailored for SAR

applications over two consecutive snow seasons at the Weissfluhjoch field site in
::::
near

::::::
Davos, Switzerland. First, our dataset

enabled the validation of previous methods relying on multitemporal SAR
::
we

:::::
tested

:::::::
previous

::::::::
methods

:::::
which

:::
use

::::::::::::
multitemporal

::
S1

:
backscattering to characterize melting snowpacks and physically linked the

::::::
phases,

::::
and

:::::::::::
demonstrated

::::
that

:::
the

::::::::
observed

::::::::::
monotonous

:
increase in backscattering following the local minimum to the evolution

:
is

::::
due

::
to

:::
the

:::::::::::
development

:
of surface10

roughness. Then, the dataset was used
::
we

::::
used

:::
the

:::::::::
measured

:::::
snow

:::::::::
properties as input to the Snow Microwave Radiative

Transfer (SMRT) model to reproduce the S1 backscattering signal
:::::
signals. Our simulations showed a general negative bias

compared to the satellite data, with the most significant drivers being LWC
:::
that

:::::
rather

::::
than

:::::::
melting

:::::::
phases,

::::
time

:::::
series

:::
of

::::::::::::
backscattering

:::::
rather

:::::::
identify

::::::
regimes

:::::::::
dominated

:::
by

:::::
either

:::::
LWC,

:
early in the melt seasonand the surface roughness

::::::
season,

::
or

::::::
surface

:::::::::
roughness, later on. The results also highlight several key challenges for reconciling S1 signals with radiative transfer15

simulations of wet snow: (i) the discrepancy in spatiotemporal variability of LWC as seen by the satellite and validation

measurements, (ii) the lack of fully validated permittivity, microstructure and roughness models for wet snow in the C-band,

(iii) the difficulty of capturing wet snow features potentially generating stronger scattering effects on a large scale ,
:
–
:
such as

internal snowpack structures, soil features in case of low LWC, and surface roughness ,
:
–
:
which are not necessarily captured

by point-wise measurements.20
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1 Introduction

Seasonal snowpack in mountain catchments is one of the most important water resources, as it accumulates and stores water

during winter and releases it consistently in the form of runoff during the melting period (Viviroli and Weingartner, 2004). In

fact, discharge in Alpine streams
::::
alpine

::::::::
streams,

::::::::
discharge is largely dominated by snow melt from May to July and more than

one sixth of the world’s population relies on meltwater released from higher altitudes for drinking water, crop irrigation and25

hydropower production (Beniston et al., 2018). However, this melting snow can also cause wet- and glide-snow avalanches

(Bellaire et al., 2017; Fromm et al., 2018), which pose significant threats to human life and infrastructures. Additionally, rain-

on-snow events on snowpacks with high liquid water content
::::::
already

:::
wet

:::::::::
snowpacks

:
are linked to increased runoff and shorter

time lags between the onset of the event
:::::::::::
precipitation

::::
onset

:
and the resulting runoff (Würzer et al., 2016). These events can

have catastrophic consequences and their occurrence is supposed to increase as a first response to
:
in
::::::::

response
::
to

::
a sustained30

warming (Beniston and Stoffel, 2016). Therefore, information about the spatiotemporal evolution of snow melt is beneficial

for
:::
both

:
the management of water resources and for risk mitigation.

Identifying wet snow is complex both when using manual measurements, automatic instruments and physically based

:::::::::::
physics-based

:
snow models. Datasets of manual measurements of snow water equivalent (SWE) and liquid water content

(LWC
:::::::
hereafter) at high temporal resolution are generally rare due to the required amount of work and resources to collect35

them
::::
time,

:::::
effort

::::
and

::::::::
resources

:::::::
required

:::
for

:::::
their

::::::::
collection. There have been considerable advances in the development of

technologies that exploit
::::::::::
technologies

::::
that

:::
use

:
the dielectric properties of snow in the microwave range to estimate LWC in a

non-destructive way (Schmid et al., 2014; Koch et al., 2014). However, the application of these methods is limited to one single

point without the possibility to capture the spatial variability of the processes. Additionally, their installation and maintenance

is often complicated and expensive, and the extraction of the physical parameters is usually hindered by noise. Physically40

based
:::::::::::
physics-based

:
layered snow models like the SNOWPACK-Alpine3D model chain (Bartelt and Lehning, 2002; Lehning

et al., 2006) or GEOtop (Endrizzi et al., 2014) are used to overcome these challenges, as they can simulate LWC and SWE at

high spatial and temporal resolutions only based on meteorological forcings. However, meteorological forcings also represent

a major source of uncertainty -
:
–
:
especially when needed at high spatial resolution -

:
–
:
affecting the accuracy of the results

(Raleigh et al., 2015), together with the uncertainty .
:::::
This

::::
adds

::
up

::
to
:::
the

:::::::::::
uncertainties

:
related to the amount and type of used45

parametrizations
:::::::::::::
parametrizations

::::
used

:
(Günther et al., 2019).

In this context, a valuable opportunity to identify wet snow is offered by synthetic aperture radar (SAR
:::::::
hereafter) systems.

SAR measurements are highly sensitive to the free liquid water contained in wet snow (Nagler and Rott, 2000). At certain fre-

quencies, the increase in liquid water generates high dielectric losses and increased absorption coefficients (Denoth et al., 1984;

Sihvola and Tiuri, 1986; Mätzler, 1987; Ulaby et al., 2014). Therefore, the radar backscattering
:::::::::
backscatter drops to lower in-50

tensities with respect to winter averages (Ulaby et al., 1987, 2014; Nagler and Rott, 2000; Nagler et al., 2016; Lin et al., 2016).

Basing on this principle, multitemporal SAR data
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
(Ulaby et al., 1987; Strozzi et al., 1997; Strozzi and Matzler, 1998; Nagler and Rott, 2000; Ulaby et al., 2014; Nagler et al., 2016; Lin et al., 2016)

:
.
::::
This

:::::
raised

::::
the

:::::::
question

:::
of

:::::::
whether

::::::::
different

:::::
types

::
of

:::::
snow

:::::
cover

::::::
could

::
be

::::::::
classified

::::::
based

:::
on

::::
their

::::::::
response

::
to

::::::
active

:::::::::
microwave

:::::::
signals.

::::
This

::::::::
challenge

::::
has

:::::
been

::::::::
addressed

:::::
with

::::::
various

::::::::::
approaches

::::
over

::::
the

:::::
years.

::::::::
Between

:::::
1993

:::
and

::::::
1995,
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:
at

::::
the

::::
�eld

:::
site

:::
of

::::::::::::
Weiss�uhjoch

::
in

:::
the

:::::
Swiss

:::::
Alps,

::::::::::::::::::::::::::::::::::::::::
Strozzi et al. (1997); Strozzi and Matzler (1998)

::::::::
conducted

:::::::::::
tower-based55

::::::
C-band

::::::::::
radiometric

:::::::::::
measurements

::
at

:::
all

::::::::::
polarizations

::::::
across

:
a
:::::
wide

::::
range

:::
of

::::::::
incidence

::::::
angles.

:::::::::::::
Simultaneously,

::::
they

::::::
carried

:::
out

:::::::
monthly

::::::::::::
measurements

::
of

::::
snow

:::::::
physical

:::::::::
properties.

:::::
These

::::::::::::
measurements

:
were used todevelopalgorithmsfor thegenerationof

wet-snowmaps(Nagler and Rott, 2000; Nagler et al., 2016). Therehavebeenfurthereffortsin developingalgorithmsto derive

LWC usingC-bandfull-polarimetricSARimages(Shi et al., 1993; Shi and Dozier, 1995). However,Strozzi et al. (1997); Kendra et al. (1998)

expressedtheirdoubtsaboutthetheoreticalbackgroundandthe
::::::
classify

:::
the

::::::::
observed

::::
snow

::::::
covers

:::
into

:::::::::
categories

::::::
ranging

:::::
from60

:::
dry

:::::::::
snowpacks,

:::
to

:::
thin

:::::
moist

::::::
layers

::::::::
overlying

:::
dry

:::::
snow,

::
to

::::
wet

:::::::::
snowpacks

::::
with

::::::
either

::::::
smooth

::
or

::::::
rough

:::::::
surfaces.

:::::::
Relying

:::
on

:
a

::::::::::
tower-based

::::::::::
radiometer,

:::
the

::::::::::
experiments

:::::
were

:::::
highly

::::::::::
controlled,

:::::::
allowing

:::::::
detailed

:::::::::::
investigation

::
of

:::::
radar

::::::::
responses

::
to

:::::
each

::::
snow

:::::::::
condition.

:::::::::::
Nevertheless,

:::::::::
signi�cant

:::::::
sources

::
of

::::::::::
uncertainty

::::::::
remained

:
–

:::::::::
especially

:::
the

::::::::
in�uence

::
of

::::::
surface

:::::::::
roughness

:::
on

:::
wet

:::::
snow

:::::::
surfaces,

::::::
which

:::
was

:::
not

::::::::::::
quantitatively

::::::::
measured,

::::
but

::::
only

::::::::::
qualitatively

::::::::
assessed.

:::::
These

:::::::
detailed

:::::::
studies,

:::::
along

::::
with

::
the

:::::
work

::
of

:::::::::::::::::
Kendra et al. (1998),

::::::
raised

::::::::
questions

:::::
about

:::::::::
theoretical

::::::::::
foundations

:::
and

:
systematic reliability ofthesealgorithms65

. With tower-basedexperimentson wet snow,they found that the backscatteringbehaviorusedfor the retrievalalgorithms

might
:::::
LWC

:::::::
retrieval

:::::::::
algorithms

:::::
based

:::
on

::::::
C-band

::::::::::::::
full-polarimetric

:::::
SAR

:::::::
imagery,

::::::
which

::::
had

::::
been

:::::::::
developed

::::::
shortly

::::::
before

:::::::::::::::::::::::::::::::
(Shi et al., 1993; Shi and Dozier, 1995)

:
.
::
In

:::::::::
particular,

:::
the

:::::::::
scattering

::::::::::
mechanisms

::::::::
assumed

::
in

:::::
these

::::::::
retrievals

::::
may

:
have been

biased by a combination of conditionsleadingto a strongprevalenceof surfacescatteringmechanisms
:::
that

:::::::
strongly

:::::::
favored

::::::
surface

:::::::::
scattering.

::::::::
Extending

::::
the

::::
prior

:::::::::
knowledge

:::
to

:
a

::::::
spatial

:::
and

::::::::::::
multitemporal

:::::::
context,

:::::::::::::::::::::
(Nagler and Rott, 2000)

::::::::
developed70

::
an

::::::::
algorithm

:::::
based

:::
on

::::::::::
repeat-pass

::::
SAR

::::::
images

:::
to

::::
map

::::::::
wet-snow

::
in

:::::::::::
mountainous

:::::
areas,

::::::::
de�ning

:
a

::::::::::
backscatter

::::
drop

::
of

::
3

:::
dB

::
to

:::::::::
distinguish

::::
wet

:::::
snow

::::
from

:::::
other

::::::::
surfaces.

:::::::::::
Comparisons

::::
with

:::::
snow

:::::
maps

:::::
from

:::::::
different

:::::::
sources

:::::::
showed

::::::::
generally

:::::
good

::::::::
agreement

::::::
above

::
the

:::::
snow

::::
line,

:::
but

:::::::::
consistent

:::::
biases

::
in

:::::
areas

::::
with

:::::::::
fragmented

:::::
snow

:::::
cover.

After a progress freeze due to thelack
::::::
scarcity

:
of SAR data in the past and simultaneousgroundtruth measurements,there

wasa renewed
::::
�eld

:::::::::::::
measurements,

:::
the

:::::::
research interest in theuseof radarwavesto tracksnowmeltingprocesses

::::
topic

::::
was75

:::::::
renewed since the launch of the Sentinel-1 (S1 hereafter) joint mission of the European Space Agency (ESA) and the European

Commission in 2014. AtAlpine
:::::
alpine latitudes, S1 acquires C-band SAR imagery in the early morning and late afternoon,

regardless of the weather, with a revisit time of 6 days. The SAR imagery is available free of charge. Marin et al. (2020) used

these images for the �rst time to develop a correlation between the multitemporal S1 SARbackscatteringandthe snowmelt

:::::::::
backscatter

:::
and

:::
the

:::::
snow

::::
melt dynamics. Over 5 differentAlpine

:::::
alpine sites, the authors have found that the multitemporal S180

SAR acquisitions allow the detection of the melting phases, i.e. moistening, ripening and runoff (Dingman, 2015) with a good

agreement with in-situ observations and layered,physically-based
:::::::::::
physics-based snow models. In particular, thebackscattering

:::::::::
backscatter

:
decreased as soon as liquid water appeared in the snowpack and increased progressively and simultaneously with

the runoff release. Deriving and applying a set of identi�cation rules, the authors could de�ne the melting phases for the test

sites with relatively small lag errors with respect to the revisit time of S1.
:::::::::::
Consequently,

:::::
local

:::::::
minima

::
in

:::
S1

::::::::::::
multitemporal85

:::::::::
backscatter

::::
time

:::::
series

::::
and

::::
sharp

::::::::
increases

::::::::
thereafter

:::::
were

::::::::
associated

:::::
with

::::::::
snowpack

:::::::::
saturation,

:::
the

:::::
onset

::
of

::::::
runoff,

:::
and

:::::
snow

::::::
ablation

:::::::::::::::::::::::::::::::::::::
(Darychuk et al., 2023; Gagliano et al., 2023)

:
.

This approachholds
:::::
These

::::::::::
approaches

::::
hold

:
great potential for monitoring the temporal evolution of

::
the

:
melting dynam-

ics, especially
:::::::::
particularly

:
over wide and scarcely instrumented areas. However,in order to fully understandthe potential
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of
::
to

::::
fully

::::
use

:
the multitemporal informationmadeavailablefrom

:::::::
provided

::
by

:
S1 for snowmelt

::::
snow

::::
melt

:
monitoring, a90

deeper understanding of thescatteringmechanismsof meltingsnowis needed.In particular
:::::::::
underlying

::::::::
scattering

:::::::::::
mechanisms

:
–

:::::::::
especially

:::
the

::::
role

::
of

::::::
surface

:::::::::
roughness

:::::::::::::::::
(Marin et al., 2020)

:
–

::
is

::::
still

::::::::
required.

::::::::::
Speci�cally, knowing the time window in

which different scattering effects dominate and under which conditions thethe C-band radarbackscattering
:::::::::
backscatter is

fully absorbed by the melting snowpack would enable to extract as much information as possible from S1multitemporal

backscattering.Up-to-date
::::
time

::::::
series.

:::
To

::::
date, the only effort in this directionhasbeendoneby Brangers et al. (2024)by95

meansof
::::
was

:::::
made

::
by

:::::::::::::::::::
Brangers et al. (2024)

:::::
using tower-based C-band measurements, which, however,lack .

:::::::::
However,

:::
this

:::::
study

:::::
lacks

:::::::::::::::::::::
high-temporal-resolution ground-truth validationat high temporalresolutionwith measured snow proper-

ties. Additionally, the snowpackmelt-out hasbeenoften associatedwith sharpincreasesin backscatteringfollowing the

local minima (Marin et al., 2020; Darychuk et al., 2023; Gagliano et al., 2023). However,the underlyingphysicalprocesses

thatdeterminethis trend,amongwhichtheeffectof surfaceroughness(Marin et al., 2020), remainto beinvestigated
:::::::::
Moreover,100

::::::::::
comparisons

::::
with

:::
S1

::::
were

::::::::
hindered

::
by

::::::
several

:::::::
factors,

::::::::
including

:::::
sensor

:::::::::
calibration

::::::
issues

:::
and

:::
the

:::::
small

:::::::
footprint

::::
size

:
–
::::::
which

:::::
likely

:::::::::
introduced

::::::
speckle

:::::
noise

:::
and

:::::
failed

::::::::
capturing

::::::::::
larger-scale

::::::::
scattering

::::::::
processes.

The main limitation that hashindered
::::::
Overall,

:::
the

:::::
main

:::::::::
limitation

::
to

:::::::::
improving

:
the understanding ofSAR mechanisms

::
the

::::::::::
interaction

::
of

:::
S1

:::::::::
backscatter

::::::
signals

:::::
with

::::::
melting

:::::
snow

:::::
cover

:
is the lack of reference ground data, especiallyduring the

melting season.Over Alpine
:
.

::::
Over

::::::
alpine snowpacks, it isnot uncommon

:::::::
common

:
to observe the formation of ice layers105

either at the surface (Quéno et al., 2018) or at deeper snowpack depths (Pfeffer and Humphrey, 1998). Moreover, in temperate

Alpine
:::::
alpine

:
areas characterized by high snow accumulation and intense solar radiation, suncups may form spontaneously

on the snow surface during the ablation season (Post and LaChapelle, 2000; Mitchell and Tiedje, 2010), increasing the sur-

face roughness signi�cantly (Fassnacht et al., 2009). These phenomena are known to impact the radar response to wet snow

(Kendra et al., 1998; Yueh et al., 2009; Nagler and Rott, 2000; Shi and Dozier, 1995)
::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
(Shi and Dozier, 1995; Strozzi and Matzler, 1998; Kendra et al., 1998; Nagler and Rott, 2000; Yueh et al., 2009)110

.

A promisingpathtoexploretheinteractionbetweenC-bandactivemicrowavesandscatteringpropertiesof wetsnowsurfaces

is through
:::::::
However,

:::::::::::::
high-resolution

:::
and

:::::::
detailed

:::::
snow

::::::::::::
measurements

:::::
alone

:::
are

:::::::::
insuf�cient

:::
to

::::::
address

::::
this

:::::
issue.

:
It

::
is

:::::::
equally

::::::::
important

::
to

::::
rely

:::
on

:
a

:::::::
method

::
to

::::::::
interpret

::::
them

:::::
from

::
a

::::
radar

:::::::::::
perspective.

::
A

:::::::::
promising

:::
and

:::::::::::
increasingly

:::::::
adopted

::::::::
approach

:::::::
involves

:::
the

:::
use

::
of state-of-the-art radiative transfer (RT

:::::::
hereafter) models. Picard et al. (2018) developed the Snow Microwave115

Radiative Transfer (SMRT) model, a versatile model that can be used in active and passive mode to computebackscattering

:::::::::
backscatter and brightness temperature from multilayered media such as snowpacks or ice sheets overlying re�ective surfaces

:
,

e.g. ground, ice, or water. SMRT responds to the need of a modular and �exible approach to unify and compare the wide range

of pre-existing representations of microstructure, electromagnetic theories, soil models and permittivity formulations. While

wet snow holds signi�cant importance for various applications, both SMRT and other similar modelshaveprimarily been
::::
were120

:::::::
primarily

:
developed and validatedunder

:::
for dry snow conditions in Arctic and Antarctic snowpacks, or ice sheets (Proksch

et al., 2015; Rott et al., 2021; Soriot et al., 2022; Meloche et al., 2022; Husman et al., 2023). Both the vertical structure and the

surface of these types of snowpack are often less complex than that of a seasonalAlpine
:::::
alpine snowpack. To date, the above

mentioned ensemble of complex melting snowpack processes has been scarcely investigated by means of radiative transfer
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models due to the lack of ground reference data (Shi and Dozier, 1995; Strozzi et al., 1997; Kendra et al., 1998; Nagler and125

Rott, 2000; Magagi and Bernier, 2003; Lodigiani et al., 2025). Mur�tt et al. (2024) recently used SMRT to explore, for the �rst

time, the temporal evolution of the interaction between wet snow and radar waves in a study on lake ice melt. However, the

radiative transfermodeling
::::::::
modelling

:
of wet snow still lacks dedicated effort and validation.

Thisworkaimsatcollecting
:::
The

:::::::
objective

::
of

::::
this

::::
work

::
is

::
to

::::::
collect the �rst ground reference dataset on melting snow

::::::
tailored

for SAR applications and toverify theability of a current,state-of-the-artRT model(SMRT ) to reproducethebackscattering130

signal
:::
use

::
it

:::::::
together

::::
with

::::::
SMRT

::
to

:::::
better

:::::::::
understand

:::
the

::::
key

::::::::
processes

::::::::
governing

:::
the

::::::::::
backscatter

:::::::::
signatures recorded by S1.

Previously, only Lund et al. (2022) carried outana
::::::::
similarly

:
extensive snow pit campaign in coordination with S1 passages.

Their work facilitated
:::::
While

:::
this

:::::
study

::::::
helped

:::::::
advance

:
the interpretation of S1backscatteringresponse

:::::::::
backscatter

:::::::::
responses

to diurnal snowpackfeatures.However
::::::::
variations, important scattering properties such as the optical diameter and the surface

roughness were notsampledandtheireffectonthebackscatteringwasnotexploredthroughradiativetransfermodeling.In this135

::::::::
measured.

:::
As

:
a

::::::
result,

:::::::::
interpreting

:::::
these

::::::::::::
measurements

::::
from

:::
the

:::::
radar

:::::::::
perspective

:
–
::::
and

:::::::::::
consequently

:::::::::
comparing

::::
them

::::
with

:::
S1

::::::::::
acquisitions

:
–

::::
was

:::
not

::::::::
possible.

::
In

:::
our

:
work, we focus on the co-polarized vertical backscattering only, due to its high signal

to noise ratio for wet snow (Naderpour et al., 2022) and to the fact that, due to the partial implementation of some of the key

processes, it is not possible to simulate accurate cross-polarized backscattering responses with the current version of SMRT. To

our knowledge, this is the �rst attempt touseSMRT andgroundmeasurements
:::::::
translate

::::::
ground

::::::::::::
measurements

::
–

:
speci�cally140

designed for RTmodeling–
::::::::
modelling,

:
including wetness and roughness –to reproduce

:::
into

:::::
radar

::::::
signals

:::::
using

::::::
SMRT

:::
to

::::::::
reproduce

::::
and

:::::::
interpret

:
S1 backscattering

:::::::::
acquisitions

:
over a wet, multilayeredAlpine

:::::
alpine

:
snowpack. This researchwill

allow usto deriveseveralimportantinformationonRT modellingof wetsnow,namelythein�uenceof thespatialandtemporal

variability of liquid watercontent
:::::::
provides

::::::::
valuable

::::::
insights

:::
in

:::
two

:::::
main

:::::
areas.

:::::
First,

::
it

::::::::
advances

:::
the

::::::::::::
understanding

:::
of

:::
the

:::::::::
interaction

:::::::
between

::
S1

:::::
radar

:::::::::
backscatter

::::
and

:::
wet

:::::
snow.

::::::::::
Speci�cally,

::
it

::::::
reveals

:::
the

::::::
effects

::
of

::::::::::::
spatiotemporal

:::::::::
variability

::
of

:::::
LWC145

within the S1cell
:::::::
footprint occurring between satelliteacquisitionsandin situ measurements,thein�uence

:::
and

:::::::::::
measurement

::::::::::
acquisitions.

::
It

:::
also

::::::::
describes

:::
the

::::::
impact

:
of surface roughness, thelackof fully validatedmodelsof permittivity androughness

for wet snow at the C-bandand the dif�culty of
::
on

::::::::::
backscatter

::::::::
signatures

::::
and

:::::::::
highlights

:::::::::
challenges

::
in

:
capturing key wet

snow conditionsgeneratingscattering, namely
:::
that

:::::
likely

:::::::
generate

::::::::
scattering

::
at

:::::::::::
wider-scales.

:::::
These

:::::::
include internal snowpack

structures, large-scale surface roughness,
:::
and

:
interactions with the wet soil interface when the snowpack is only slightly wet.150

::::::
Second,

:::
the

:::::
study

:::::::::
addresses

:::
the

:::
RT

::::::::
modelling

::
of

::::::::
melting,

::::::
layered

::::::::::
snowpacks,

::::::::::
highlighting

:::
the

::::::
current

::::
lack

:::
of

::::
fully

::::::::
validated

:::::::::
permittivity

::::
and

:::::::::
roughness

::::::
models

:::
for

::::
wet

:::::
snow

::
at

:::::::
C-band

::::::::::
frequencies.

:
With ground reference data and adequate process

understanding andmodeling
::::::::
modelling, RT models like SMRT may evolve in tools to interpret and translate the information

contained in multitemporal SARbackscatteringsignals
:::::::::
backscatter

:
into valuable input forsnowmodeling

:::::::::::::::
snow-hydrological

::::::::
modelling.155
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Figure 1. Location of the Weiss�uhjoch �eld site with respect to Swiss national borders (a) and thearea
:::
town

:
of Davos (b). The

::::::::
designated

areadedicatedto the
::
for

:
snow pro�les is shown in (c)

::::
under

::::::::::::
semi-snow-free

::::::::
conditions

::::::
(picture

::::
taken

::
in

:::
Sep

:::::
2024,

:::::
camera

:::::::
oriented

::::::
towards

::
the

::::::::
north-east),delimited

::::::
enclosed bythe

:
a �agged fence, camerafacingnorth-east.Only

:
It

:
is

:::::
worth

:::::
noting

:::
that

::::
only afractionof thelength

:::::
portion

:
of the

:::
this fenced area was effectively used for snow pro�les. Picture (d) shows the typical snowpit measurementsetting

::::
setup.

2 Campaign overview

This work builds upon a datasetcomposedof 85 snow pits collectedwithin a measurementcampaignwhich took placeover

thetwo consecutivesnowseasonsof
:::::
during

::
a

:::::::::
two-season

::::::::
campaign

::
(2022-2023 and 2023-2024

:
) at the high-altitude�eld site

of Weiss�uhjoch Versuchsfeld (WFJ)
:::
�eld

::::
site, located in the Rhaetian Alpsin theDavosarea,cantonof Grisons

::::
near

:::::
Davos,

Switzerland. The measurement �eld lies at an altitude of 2536 m a.s.l. on a relatively �at area embedded in avalley facing160

south-east
:::::
facing

:::::
valley. The site is partially wind sheltered from a small hill situated on the south-east, however

:
–

::::::::
however, the

dominant wind blows from north-west,
:
in addition to katabatic wind. For this measurement campaign, we secured a protected

�eld covering approximatelythesame
:::
two

::::
times

::::
the footprint area of S1, i.e. 20 × 20 mnext to theof�cially delimited�eld.

However, only afraction
::::::
portion of this �eld was effectively used for measurements. Thisdesignatedarea,

:::::
while

:::
the

:::::::::
remaining

:::
area

::::
was

::::::::::
consistently

:::
left

::::::::::
undisturbed.

::::
The

:::::::
secured

::::
�eld has a light slope value between 2 and 7%. The �atness of the terrain is165

fundamental for the study of the interaction between wet snow and the C-band co-polarized verticalbackscattering
:::::::::
backscatter

signal (� V V
0 hereafter). On the one hand,� V V

0 is less sensitive to changes in snow wetnessin areasof steeptopographies
::
at

:::
low

::::::::
incidence

::::::
angles (Nagler et al., 2016); on the other hand,steepslopescause

::
on

::::
steep

::::::
slopes,

:
the liquid waterto redistribute

::::::::::
redistributes laterally, at least partially (Wever et al., 2016). The �eld site of WFJ is equipped with advanced meteorological

sensors recording meteorological forcings at sub-hourly resolutions, and moreover, with �rst snow observations dating back170

to 1936, it holds one of the longest recorded time series of snow measurements for a high-altitude research station (Marty

and Meister, 2012). The site is ideal for intensive measurement campaigns, as it is easily accessible, protected from avalanche

danger and the two huts provide shelter, storage space for instruments, power and internet connection.

The objective of the measurement campaign was to build a datasetthat would provide
::
of ground-truth reference for the

interpretation of S1� V V
0 to monitor snow melt processes. Therefore, thecampaign

:::::::::::
measurements

:
targeted the main scattering175
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