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ABSTRACT

This paper proposes a new method for wet snow detection using multitemporal SAR data. The proposed change detection

method is primarily based on the comparison between two X band SAR images acquired during the accumulation (winter)

and the melting (spring) seasons, in the French Alps. The new membership decision method is relying on the local intensity

statistics of the SAR images by considering the backscattering ratio as a stochastic process: the probability that ”the intensity

ratio is smaller than the corresponding locally varying dry/wet snow threshold” is larger than a predefined confidence level.

The proposed snow backscattering simulations indicate a far more complex relation between the backscattering properties of

the two snow types, with respect to the conventional assumption of the augmented electromagnetic absorption associated to

the wet snow. The most conclusive results are confirmed at X band by in situ measurements. We show that this complexity is

mostly caused by the dominance of a different backscattering component for each type of snow, leading to a significant angular

sensitivity. Therefore, we introduce a variable threshold matrix instead of an unique threshold: the threshold is expressed

as a function of the local incidence angle (LIA) for each pixel. The proposed snow backscattering simulator (SBS) allows

deriving the locally varying threshold as the ratio between dry and wet snow backscattering coefficients computed for the SAR

system parameters (polarization, frequency), the local topography parameters (LIA) and for the a priori derived and spatially

averaged target parameters (underlying ground and snow cover surface properties, snow grain size, underlying ground dielectric

permittivity, snow wetness). The threshold varying with respect to the frequency and the choice of the winter season reference

image, allow the proposed algorithm applicability in wider frequency range.

I. INTRODUCTION

Snow cover represents a significant water resource in mountainous regions such as the French Alpes. The exact amount

of liquid water contained in the snow pack is given through the physical quantity - Snow Water Equivalent (SWE). Due to

numerous difficulties in performing ”in situ” measurements (high altitudes, global coverage), the estimation of this quantity
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turns out to be suitable for remote sensing applications. Generally, the SWE is a function of two independent snow physical

properties: density and depth [1]. The significant snow pack penetration, along with the high spatial resolution and the clouds

penetration capability, candidates Synthetic Aperture Radar (SAR) remote sensing for this kind of application [2], [3].

Depending on the liquid water content, snow can be considered as dry or wet. Dry snow is defined as snow consisted just of

ice crystals embedded in air, without any liquid water. Its presence is characteristic for temperatures below 0◦C. Wet snow can

be found during the melting season, when the temperature exceeds 0◦C. It contains a certain amount of liquid water introduced

quantitatively through the wetness (volumetric liquid water content) [4]. These two snow types behave like two completely

different materials with respect to their dielectric properties: the wet snow contains liquid water with a dielectric constant

differing significantly from the one of the ice. This fact is pointing out to a difference in backscattering mechanisms [5], and

consequently that different feature extraction methods should be applied. Therefore, the estimation of any snow pack parameter

defining the SWE, by means of SAR remote sensing, requires firstly the proper identification of the snow cover type.

Although studies on snow mapping by polarimetric SAR existed already [6], it was not before the ERS-1 started providing

repeat pass images that the idea of snow mapping based on SAR multitemporal data appeared [7]. Further refinement on the

initial change detection method leaded eventually to the compact algorithm based on the ratio of two C band SAR images

introduced in [8]. The Nagler and Rott method requires as inputs the SAR wet snow image and the reference SAR image of

the dry snow (or the snow free terrain). After corregistration, either mutilooking or speckle filtering is applied on the two SAR

intensities before constructing the backscattering ratio image. This ratio image is then georeferenced and an unique threshold

of -3 dB is used to discriminate the wet snow from other surfaces. The expected difference in backscattering is justified by

the increased electromagnetic absorption of the wet snow. The resulting maps are successfully validated by using snow terrain

optical images.

We propose in this article a novel snow change detection method with X-band SAR data for wet snow detection [9]. Our

goal is to introduce an algorithm which can be applied to a wider frequency range and is eventually more suited to the presence

of the speckle noise. The first novelty consists in the restriction in choosing the reference image. Due to the demonstrated

difference in backscattering between the snow free terrain and the dry snow, the latter is considered as reference.

Single snow layer backscattering is simulated by applying fundamental scattering theories: Integral Equation Model, Quasi

Crystalline Approximation and Quasi Crystalline Approximation with Coherent Potentials. Qualitative conclusions concerning

the interaction between the two snow types and the electromagnetic waves are drawn [10]. Additionally, some conclusions

referring to the wet snow backscattering are confirmed through in situ measurements, validating the proposed simulator. Con-

sequently, it is shown that the ratio between the wet and dry snow backscattering coefficients is significantly sensitive to the

value of the local incidence angle (LIA), therefore requiring the use of a variable threshold (function of the LIA).

Further, the speckle noise statistics [11], [12], [13], [14], [15] is introduced through the local estimation of the backscattering

coefficients ratio probability. This allows additional enhancement of the discrimination accuracy, which is illustrated through

the matching of the independently obtained HH and VV maps. The validation is performed by comparing snow maps obtained

using TerraSAR-X data with interpolated temperature map.

The paper is organized as follows. In Section II, we briefly introduce the proposed snow backscattering simulator (SBS)
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followed by the simulation results and by the comparison with in situ ground based radar measurements. This section contains

the qualitative conclusions concerning dry and wet snow backscattering. Section III is the core of the article, containing the

description of the wet snow detection algorithm. In Section IV, we present the results obtained with two TerraSAR-X dual-pol

stripmap images acquired in the French Alps. This section as well provides the method validation, while Section VI concludes

this article.

II. SNOW BACKSCATTERING ANALYSIS

On one side, dry snow is characterized by a dielectric constant depending on the ice volume fraction, only. In this case, the

dielectric constant is real, indicating the absence of medium dielectric losses [4], [16]. One can notice that a general consensus

has not yet been achieved in the scientific community: the work of Matzler et al. [17], [18] may indicate a complex dielectric

constant. We have adopted the former assumption [4], [16] by neglecting the imaginary part.

On the other side, the wet snow dielectric constant is a complex quantity with the imaginary part reflecting the presence of

medium absorption losses. It is also function of the ice volume fraction, as well as of the wetness and the operating frequency

[4], [19].

In terms of scattering theory, the extinction (absorption and scattering) properties of the two snow volume types require

different approaches in volume modeling. The model we use for dry snow is based on the multiple scattering assumption:

Quasi Crystalline Approximation (QCA) through the Dense Media Radiative Transfer (DMRT), taking thus into account the

scattered waves influence on the other particles. Furthermore, it assumes waves coherence and it stays valid even in the case of

a media more dense than the dry snow [20], [21]. Note that the extinction losses are reduced to the scattering phenomena only

by neglecting the electromagnetic absorption of the ice particles (real ice dielectric constant). We assume the effective shape of

the particles to be spherical.

The wet snow medium reveals a significant spatial variation of dielectric permittivity [20], [21]. Such an important difference

in dielectric properties (between the host medium and the scattering particles) requires applying a modified QCA theory. Hence

the selected QCA with Coherent Potentials (QCA-CP) assumes that the coherent wave interacts with the new average medium

rather than the host one. The water inclusions are introduced by means of mixed ice-water spherical particles [22] with a radius

determined by the wetness. Due to non negligible wet snow absorption we introduce the albedo coefficient, also [23].

[Figure 1 about here.]

The total backscattering coefficient σ0 of a snow pack (distributed target) is expressed as the sum of four backscattering

coefficients, corresponding to the following components [24], [25] (Fig. 1):

1) Snow pack surface component (σs),

2) Underlying ground surface component (σgr),

3) Snow volume component (σv),

4) Ground-volume interaction component (σgv),

σ0 = σs + σgr + σv + σgv. (1)
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Surface backscattering is simulated using the Integral Equation Model (IEM-B) by assuming an isotropically exponentially

correlated surface (introduced through the surface spectra) [24].

The output result is the angular distribution of the backscattering coefficient for different values of snow pack parameters.

The incidence angle ranges from 0◦ up to 70◦.

[Table 1 about here.]

Table 1 shows the input parameters for the snow backscattering simulations. The selected values are set either according to

[4], [26] (for the ice and water dielectric permittivities), or according to the local in situ measurements12. The surface Root

Mean Square (RMS) height represents a potential exception: a 12 mm ground RMS height is not actually corresponding to the

terrain roughness. The value of this parameter is strictly imposed by the IEM-B model limitations and by the constrain of using

same surface properties for each frequency band (limitting value at 10 GHz) [24].

We summarize in the sequel our conclusions with respect to the dry/wet snow backscattering behavior. Despite the fact

that the detection strategy introduced in Section III is designed with X band SAR images, the necessity to demonstrate the

particularities of the snow target backscattering in this band, and the potential of broader frequency coverage, imposed the

comparative study with respect to C and L bands.

A. Dry snow

According to previous simulation results [9], the dominant component of dry snow backscattering is the underlying ground

component for all three frequency bands. This is particularly true at L band, because both snow pack surface and volume com-

ponent are increasing with the increase in frequency. In general, dry snow backscattering can be considered as not significantly

sensitive to the depth of the layer, but fairly sensitive to the snow density.

[Figure 2 about here.]

Fig. 2 illustrates the rise in backscattering (underlying ground component) at L band with the increase of snow density.

Firstly noticed by Shi and Dozier, this phenomenon was explained by the fact that the density dominantly affects backscattering

through the change of the air-snow interface refraction angle and the change of the wavelength in the snow medium [1]. The near

correspondence between [1] and our qualitative conclusions (with slightly different input parameters) validates the simulation

framework proposed in this paper.

At C band, and by assuming the same roughness parameters, the former effect is not present any more: density increase

causes decrease of backscattering (Fig. 2). This is because density dominantly affects backscattering through the change in

ground-snow dielectric contrast.

The underlying ground component remains dominant at X band. Fig. 2 shows the same backscattering behavior with respect

to the density change as for the C band. However, the sensitivity is significantly increased. On one side, the impact of the

1 c©Électricité de France (EDF).
2 c©Météo-France.
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change in the ground-snow dielectric contrast is independent of frequency. On the other side, the ground incident wavelength

and the change in ground incident angle are inducing the effect opposite to the one characteristic for the L band.

B. Wet snow

The dominant backscattering component of wet snow is the snow pack surface component [9]. This causes high sensitivity

of the wet snow backscattering on wetness change. Therefore, the increased wetness, reflected by an increase in wet snow

dielectric constant, leads to stronger total backscattering.

Nevertheless, the initial assumption which justifies the change detection approach is not compromised. The difference in

backscattering intensity with respect to the corresponding dry snow is maintained, due to the difference in both the dielectric

constant and the roughness properties, between the upper wet snow layer and the underlying ground. This remains true for a

wide range of wetness values [19].

[Figure 3 about here.]

On one side, higher operating frequency would suggest stronger snow-pack surface backscattering. On the other side, the

increase in frequency is causing the decrease of the wet snow dielectric constant [4]. According to our simulator, the backscat-

tering decrease due to the later effect exceeds the former increasing phenomena [27]. This indicates the reduced share of snow

pack surface component in total backscattering at higher frequencies.

[Figure 4 about here.]

1) ”In situ” measurements: This paragraph deals with the analysis of X-band ground based radar signals (VV polarization

channel) acquired on the 23rd of April 2013, in the Grand Rousse region of the French Alpes. Two sets of measurements

were performed over the same spot (same surface parameters) at 4 hour interval. The first set of range profiles was acquired

in the morning, while the second acquisition took place in the afternoon, allowing snow wetness variation in the upper snow

layer due to the sunny weather conditions. The parameters of the upper snow layer which characterize the snow pack surface

backscattering component were carefully measured (see Table 2).

[Table 2 about here.]

The backscattering coefficients for different local incidence angles are derived from the corresponding ground range profiles.

Fig. 3 illustrates the comparison between the measured and the scaled simulated backscattering sensitivity on wetness of

the upper layer. One can notice that the backscattering intensity is directly proportional to the wetness of the upper layer.

This result, although not qualitatively consistent with the analysis in [28], confirms the wet snow pack surface backscattering

component is indeed dominant.

In summary, the conclusions derived in this section point out unequivocally that the entire complexity of the snow backscat-

tering should not be neglected in distinguishing between wet and dry snow covers. Moreover, simply assuming that less intense

wet snow backscattering is only due to the electromagnetic absorption induced by water inclusions, can be misleading. This
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is especially true at X band: the dominance of both the underlying ground component of dry snow and the snow pack surface

component of wet snow backscattering, indicates that the expected backscattering difference should be treated as a function

of the parameters determining surface backscattering. Therefore, it is necessary to introduce a variable threshold (rather than

unique) for change detection.

III. THE DETECTION ALGORITHM

In the proposed algorithm, a variable change detection threshold is introduced as a local function of the Local Incidence

Angle (LIA) and a global function of the operating frequency. This step is justified by the significant sensitivity of the ratio

between the wet and dry backscattering coefficients to the value of local incidence angles (Fig. 6) and by the fact that the

operating frequency affects the change detection approach through the threshold value, exclusively.

Aside from those, the speckle noise statistics is used in the estimation procedure, making this method stochastic. It provides

the wet snow probability map, which is transformed into the binary map based on the reliability of the variable threshold.

The wet snow detection algorithm (Fig. 4) is consisting of four principal parts.

A. Input data

The following data are required as input:

1) Winter SAR image (W), slant range geometry - image acquired during the winter season, when the dry snow assumption

is fairly valid due to the air temperature at ground level;

2) Melting season SAR image (M), slant range geometry - image acquired at the end of the winter season, when the increase

in the air temperature causes melting to occur;

3) Digital Elevation Model (DEM) and Sensor & Orbit parameters;

4) Terrain characteristics - approximate information about the terrain roughness and its dielectric properties,

5) Optical snow free terrain image - image acquired during the period when the type of the underlying ground can be

observed.

According to our backscattering simulator results (averaged over different underlying ground dielectric constant and grain

size values), the assumption that bare ground and dry snow backscattering difference is always smaller than -3 dB is not valid

for the X band (Fig. 5). This implies that, at higher frequencies, the difference between bare ground and melting season

backscattering coefficients, which is greater than 3 dB, does not unambiguously impose the wet snow presence. The results

from Fig. 5 are questioning this assumption for C band. Therefore, the comparison is made directly between the dry snow

cover image and the mixed dry/wet snow cover one in order to assure applicability in a wider range of frequencies.

[Figure 5 about here.]
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B. SAR image processing

In this part, the input images are calibrated and corregistrated using the resampled SAR geometry intensity simulation. The

slant range LIA is also derived.

[Figure 6 about here.]

C. Probability map

The backscattering simulator provides the variable threshold matrix T (Fig. 6), function of the local incidence angle for

a given terrain a priori characteristics. These values are derived as the ratio of the simulated wet and dry snow backscatter-

ing results, averaged over different wet snow volumetric liquid water content, particle size, and underlying ground dielectric

permitivity values (Table 1).

Assuming the gaussianity of the SAR clutter, the intensity over homogeneous regions can be modeled by Gamma probability

density function, according to the fully developed speckle model [29]:

G(τ |ν, µ) =
1

Γ(ν)

(
ν

µ

)ν
τν−1e−

νx
µ , (2)

with µ being the texture intensity mean, ν - shape factor providing deviation with respect to the corresponding Gaussian

distribution and Γ - the Gamma function. If the intensity is expressed as µ
νX , the random variable X follows chi-squared

distribution χ2(ν) with ν degrees of freedom. The ratio of two chi-squared random variables, normalized with respect to the

degrees of freedom, follows Fisher-Snedecor distribution F(ν1, ν2) [30]. This implies that the ratio of two Gamma random

variables, having different shape factors but the same mean value is modeled using the Fisher-Snedecor distribution:

F(r|k, ν1, ν2) =
Γ(ν1 + ν2)

Γ(ν1)Γ(ν2)

ν1
kν2

( ν1rkν2
)ν1−1

(1 + ν1r
kν2

)ν1+ν2
. (3)

The proposed stochastic approach is exactly based on the probability estimation relaying on the previously elaborated as-

sumption. The algorithm uses the boxcar neighborhood, coupled with approximate maximum likelihood estimator, in order

to obtain local statistics for each of the areas in the image. Due to the poor performances of the Fisher-Snedecor MLE, the

estimation is performed rather on the normalized ratio intensity (ξ) than the ratio intensity itself (r = µξ).

If the ratio intensity (r) follows the Fisher-Snedecor distribution, the normalized ratio intensity (ξ) is modeled by Beta prime

distribution:

B′(ξ|ν1, ν2) =
Γ(ν1 + ν2)

Γ(ν1)Γ(ν2)

ξν1−1

(1 + ξ)ν1+ν2
. (4)

For each local neighborhood, we are deriving the mean value (µ), normalizing the texture locally and estimating ν1 and ν2

parameters. This way, we are able to define the probability density function (B′(i,j)) for every possible region in the image. By

integrating the obtained PDF with respect to the normalized texture, we are getting the cumulative distribution function (B′(i,j))

for the normalized threshold of the central pixel:

iout(i, j) = B′(i,j)

(
T (i, j)

µ(i, j)

)
=

∫ T (i,j)
µ(i,j)

−∞
B′(i,j)(ξ)dξ. (5)
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This value is the probability that the ratio is smaller or equal to the local threshold or exactly the wet snow probability.

[Figure 7 about here.]

D. Confidence level

The obtained wet snow probability map is transformed into the wet snow binary map by defining the confidence level C:

Iout(i, j) =

{
1 if iout(i, j) ≥ C,
0 if iout(i, j) < C.

(6)

The confidence level value is related to the underlying terrain properties. Namely, the simulator generating the variable

threshold is assuming the bare sol as the underlying ground. Any kind of model mismatch is decreasing the reliability of the

computed variable threshold. In the final step, this effect can be compensated through the confidence level value: globally or

locally, depending on the degree of the a priori know terrain characteristics.

Having the optical image of the targeted snow-free terrain among the input data, we are able to classify different distributed

targets. We are locally assigning the confidence level which deviates from the full confidence (one) proportionally to the

distance between the given class and the bare ground in the orthogonalized space of the given image (Fig. 8). This way we are

accounting for the presence of low vegetation, forests, lakes and glaciers in the region of interest, compromising the validity of

the derived threshold.

Otherwise, the global confidence level is estimated based on the overall validity of the assumed terrain characteristics, the

ground dielectric constant particularly.

[Figure 8 about here.]

IV. RESULTS AND DISCUSSION

The proposed algorithm is illustrated by the results obtained using two X-band TerraSAR-X stripmap images (Fig. 7)

acquired over the Grand Rousse massif near Grenoble, France:

• the winter image acquired on the 08th of February 2009 holding for the dry snow assumption according to the local

meteorological data,

• the melting season image acquired on the 02nd of March 2009 in the presence of wet snow, according to the same source.

The local incidence angle map is computed using the Digital Terrain Model (Datum: WGS-84, UL Geo:

5◦57′3.64′′E, 45◦24′15.21′′N ) provided by the Institut national de l’information géographique et forestière (IGN France).

For comparison, we provide in Fig. 8 several pairs of binary maps (HH and VV) derived using different change detection

methods. The first set of images (a,e) present the results obtained by applying the variable threshold on the ratio of original input

images. The following set (b,f) is derived by performing spatial speckle filtering on the input images before calculating the ratio

of SAR intensities. The last two sets are the final outputs of our algorithm (before georeferencing): firstly by thresholding the
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probability maps with a global value of confidence level, and secondly by using a predefined confidence level map for locally

thresholding the probability. This map has been derived from an optical image (SPOT) acquired during the snow-free season.

The quantitative correspondence between the HH and VV maps, as it can be seen in Fig. 8, augments in case of the proposed

stochastic approach.

The qualitative verification of the proposed method validity is performed using the local temperature measurements at the

ground level. The measurements data, provided by the Électricité de France (EDF), are related to the area of interest (Grand

Rousse massif) at the same date (03 March 2009), meaning that comparison with the available SAR images was possible.

The procedure is based on the stated fact that wet snow presence is characteristic for the local ground temperature above

0◦C, while dry snow can be found below 0◦C. The temperature measurements are compared to the obtained wet snow prob-

ability maps (Fig. 9). The approximate matching between the high temperature regions and the high probability regions, two

information sources which could be considered as independent, is pointing to the validity of the proposed method.

[Figure 9 about here.]

Using the matching percentage between the HH and the VV binary maps as a quantitative indicator (Fig. 8), the proposed

method can be considered as an improvement in the wet snow detection. This is particularly true when using the locally

predefined confidence level. The implicitly introduced spatial correlation between the wet snow areas, on one side, and the

possibility to subtly account for the presence of different distributed targets underlying the snow layer by thresholding the

obtained probability map, on the other side, bring the introduced stochastic approach superior with respect to conventional

change detection approaches.

Note that the illustrated relation between the bare ground and dry snow backscattering (Fig. 5) indicates that the eventual

presence of the bare ground in the melting season image cannot cause a false wet snow detection.

V. CONCLUSIONS

Based on fundamental scattering theories, the proposed backscattering simulator allowed us to demonstrate the different

backscattering mechanisms of the dry and the wet snow cover. The detailed sensitivity analysis pointed out the dominance of

the underlying ground backscattering component in case of dry snow and the dominance of snow pack surface component in

case of wet snow. The later conclusion is confirmed by the performed in situ measurements. Rather than assuming the cause

of the backscattering difference to be the absorption phenomena of the wet snow due to the water inclusions, we provided a

detailed comparative description of the backscattering. It resulted in the conclusions that the difference occurs to be significantly

dependent on the local incidence angle and the operating frequency. Consequently, we have proposed an improvement of the

conventionally used wet snow detection method, by introducing a variable threshold given as function of the local incidence

angle for each pixel and function of the operating frequency, also. This fact, as well as the choice of the winter image as

the reference, allows application in wider frequency range. Instead of directly thresholding the ratio of multitemporal images,

by considering the spatial correlation, we rather estimate the probability of the wet snow occurrence, making the algorithm

stochastic.
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Further refinements of the proposed detection method are going in two main directions. In the first, the other parameters

significantly affecting surface backscattering (e.g. roughness and dielectric constant) would be also included as spatial variables

in the threshold derivation. These parameters will be either retrieved by means of spaceborne remote sensing or by interpolating

the local in situ measurements. Concerning the second direction, further work will mostly consist in adjusting the proposed

method to polarimetric SAR input data [31]. The idea is to exploit the dual-pol images in the probability derivation, rather than

just using them in the verification of the results.
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Input parameter Dry snow Wet snow
Snow density 180,190,200,210,220 kg/m3 220,240,260,280,300 kg/m3

Volumetric liquid water content 0 % 3.6,5.6,7.6,9.6,11.6 (7,9,11,13) %
Snow depth 2 m
Frequency 1.5 (L), 6 (C), 10 (X) GHz
Particle equivalent radius 225 (121,169,225,289,361) µm
Ice dielectric constant 3.15
Water dielectric constant 80 + j50
Snow RMS height 10 mm
Snow correlation length 50 mm
Ground dielectric constant 6 (5,5.5,6,6.5,7)
Ground RMS height 12 mm
Ground correlation length 50 mm

TABLE I: Input parameters for the snow backscattering simulations: values in brackets are used for computing the variable
threshold (median values for particle equivalent radius and ground dielectric constant are employed in Section II for the snow

backscattering analysis).
table
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Parameter Sample I Sample II
Acquisition time 11h00 15h00
Snow dielectric constant 2.94 4.39
Volumetric liquid water content 06.8 % 16.00 %
Snow density 175 kg/m3 250 kg/m3

Snow depth 2.15 m 2.15 m

TABLE II: In situ measurements: snow parameters.
table
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Fig. 1: Snow pack backscattering mechanism
figure
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Fig. 2: Snow backscattering sensitivity on density change (VV polarisation channel): (a) dry snow, L band; (b) wet snow, L
band; (c) dry snow, C band; (d) wet snow, C band; (e) dry snow, X band; (f) wet snow, X band.
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Fig. 3: Ground based X-band radar in situ measurements compared to simulation results.
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Fig. 4: Mapping algorithm
figure
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Fig. 5: Bare ground (red) backscattering and dry snow backscattering for different densities (green): (a) C band; (b) X band.
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Fig. 6: Variable thresholds function of the LIA.
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Fig. 7: TerraSAR-X, Grand Rousse, France, 1150x768 pixels: (a) HH slant range SAR image acquired on 08/02/2009; (b) HH
slant range SAR image acquired on 02/03/2009; (c) HH slant range probability map; (d) VV slant range SAR image acquired

on 08/02/2009; (e) VV slant range SAR image acquired on 02/03/2009; (f) VV slant range probability map.
figure
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Fig. 8: The final wet snow binary maps comparison: binary map obtained after thresholding the ratio of input images (a) HH
(e) VV; binary map obtained after thresholding the ratio of speckle (spatially) filtered input images (b) HH (f) VV; binary map

obtained after thresholding the probability map with 75% confidence level (c) HH (g) VV;binary map obtained after
thresholding the probability map with confidence level map derived from SPOT image (Path Row 051-259) acquired on

13/09/2011 (d) HH (h) VV; HH/VV matching percentage (i).
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Fig. 9: Comparison with interpolated ground level temperature measurements: (a) georeferenced HH wet snow probability
map; (b) georeferenced VV wet snow probability map; (c) georeferenced interpolated ground level temperature map [C◦].
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