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ABSTRACT: Arctic snow cover dynamics offer a changing face in terms of temporal duration and
water equivalent, due to recent climate change conditions (Callaghan et al., 2011; Lemke & Jacobi,
2012). Indeed, the Arctic is now experiencing some of the most rapid and severe climate change on
earth. In this context, innovative and improved methods are helpful to enhance management of the
snow-pack resource for climate research, hydrology and human activities. The characteristics of Arctic
snow are different from “temperate” snow (i.e. the Alps), in terms of thickness, internal structure, ther-
mal conductivity, and metamorphism. Ground observation often indicates wind slab at the snow sur-
face, internal rounded grains, depth hoar at the bottom, and often internal ice layer or at the interface
with ground surface (Dominé et al., 2016; Gallet et al., 2017, for spring snow). This work is part of the
“Precip-A2” project (OSUG, Grenoble-France), focusing on snow and its interaction with the atmos-
phere, especially in terms of chemistry, radiative processes and precipitation. The application site is
the Bragger peninsula, focused on Ny-Alesund area, Svalbard, Norway (N 78°55' / E 11° 55%). One
sub-task of the Precip-A2 project is dedicated to X-band radar measurements (ground and space-
borne) to retrieve physical properties of arctic snow.
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1. INTRODUCTION

Active radar (SAR) images are used in this
study, as they do not suffer of clouds coverage
and polar night, unlike optical sensors. Snow
mapping at the melting season at all frequencies
using amplitude images is well documented, due
to the liquid water content at the snow surface
(Nagler et al., 2000). Dry snow height retrieval is
possible with fully polarimetric data at C-band,
such as the ones provided by the Canadian Ra-
darsat-2 satellite (Dedieu et al., 2012; 2014). A
strong impact of the vegetation response is also
observed on the snow backscattering in arctic
context (Duguay, 2017).

The aims of our specific task is to apply an inno-
vative method to retrieve (i) snow cover and (ii)
snow depth from dual-pol SAR data at X-band
(Leinss et al., 2014; 2016) over open spaces
without vegetation. Output results were com-
pared respectively with (i) simultaneous optical
data from Sentinel-2 dataset (10m), and (ii) a
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consistent ground network including large inter-
national partnership (Fr, De, No, It). Collaborat-
ing Institutions are given with the co-author list.
The application site is the Brggger peninsula,
focused on Ny-Alesund area, Svalbard, Norway
(N 78°55' / E 11° 55°).

2. DATA AND METHODOLOGY

A set of 10 SAR images was provided by the
German Space Agency (DLR) during winter and
spring of 2017 from the TerraSAR-X sensor (3.1
cm, 9.6 GHz) in dual co-pol mode HH, VV (2.5 m
resolution). Descending and ascending orbits
were programmed under 35-38° incidence an-
gles, to avoid topographic constraints. Comple-
mentary dates were provided in late spring and
snow-free season by the DLR catalog, under the
regular lower incidence angles (27-29°) of the
sensor.

The data were processed using the ESA SNAP
Toolbox, with the extraction of a co-polar phase
difference (CPD) set between HH and VV polari-
zation, then projected to ground range by DEM
from the Norwegian Polar Institute (5m resolu-
tion). The total application area covers 206 km?,
covering most of the Brggger peninsula.



A total of 400 ground measurements were used
for validation, based on automatic permanent
stations or manual collection. Snow height, tem-
perature, density, and some structural infor-
mation (stratigraphy) were observed on open
spaces (herb tundra) and on glaciers. Some
places are well documented with 20-year record-
ings, as the Bayelva station (Boike et al., 2018)
or 10-year for the Austre Lovenbreen glacier
(Bernard et al., 2013; Schiavone et al., 2018).
The support of NPI, AWIPEV and UiO was par-

ticularly helpful for snow line transects and stra-
tigraphy measurements providing, thanks to
them.

3. RESULTS

3.1 Meteorological data: consistent information
is provided from meteorological sites with differ-
ent location and elevation, indicating similar
temporal trends as air temperature or snow
depth profiles (Figures 1 and 2).
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Figure 1: Air temperature temporal evolution, winter season 2016-2017, for four meteorological sites in
Ny Alesund area. TerraSAR-X acquisition dates are indicated in dashed lines (Source: AWI, ISAC-

CNR, NMlI, UFC).
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Figure 2: Snow depth temporal evolution, winter season 2016-2017, for permanent meteorological
sites in Ny Alesund area. TerraSAR-X acquisition dates are indicated in dashed lines (Source: AWI,

AWIPEV, NMI).



We can observe a long-term negative air tem-
perature from early November to late May, ex-
cept for a warm flux in February, impacting a
snow melting period. The TerraSAR-X time-
period of acquisition (March, 19 to June, 6) co-
vers the snow metamorphism evolution from dry
to wet conditions.

3.2 Non-polarimetric SAR analysis shows that
the TerraSAR-X ascending and descending im-
ages under high incidence angles generates less
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layover and shadow (8.4%) than the low inci-
dence mode (19.2%). Then, single polarization
mode (HH or VV) processed with the Nagler
adaptive threshold allows to retrieve snow cover
maps, afterwards compared with the Sentinel-2
simultaneous acquisition. Optical show maps are
retrieved from the Normalized Difference Snow
Index (NDSI) method (Dozier, 1989). Results are
well correlated (Figure 3a and b), assessing the
interest of SAR images in regard of optical mode
under cloud conditions (Figure 4a and b).

Snow mapping on June 6th 2017

Figure 3: Cloud-free conditions: snow mapping comparison between (a) on the left Sentinel-2 image,
NDSI processing, at 05/06/2017; and (b) on the right TerraSAR-X, Nagler processing, at 06/06/2017.
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Figure 4: Cloud cover conditions: (a) on the left Sentinel-2 image of 19/03/2017, unusual for snow
mapping; and (b) on the right TerraSAR-X acquisition, Nagler processing, successful at same day.

3.3 Polarimetric SAR analysis shows that the
temporal evolution of the CPD values is strongly
linked with the in-situ snow evolution: positive
values are observed for dry snow, while negative
values appear during the recrystallization pro-
cess. Figure 5 exposes a transect example with
different values of dry snow depth (manual col-
lection), providing unequal correlation with the
CPD outputs. Concerning permanent stations,
comparison between estimated (CPD) and
measured snow depth is driven for different

types of snow metamorphism (wind slab, fresh
snow, rounded or slightly recrystallized grains),
and from the surface to the 1% ice layer (3-5 cm).
The R? performances are ranging from 0.51 to
0.75 (Figure 6). The slope profiles are paired two
by two, due to the specific location of the sta-
tions.

4. DISCUSSION
The non-polarimetric analysis of TerraSAR-X
images offers satisfactory results for regularly



mapping snow and its spatial distribution at the
Brggger peninsula scale, as they do not suffer of
clouds coverage. The polarimetric analysis indi-
cates that the co-polar phase difference can
essentially retrieve the (upper) dry part of the
snow pack. Ice layers of 3-5 cm attenuate or
stop the SAR signal penetration in the snow
profile. We observed also in this project that this
CPD method is highly sensitive to the surface
conditions of snow (surface hoar, rimed gains),
in respect of the X-band frequency at 3.1 cm.

On the other hand, the particular meteorological
context of the 2016-2017 winter season with

repeated cycles of snow metamorphism (heat
fluxes, wind drifts) reduced the performance
capabilities of the method, in lack of real dry
show conditions as expected from an arctic cli-
mate context. The solution would be to increase
(i) the number of SAR acquisitions during the
accumulation period (dry fresh snow), and (ii)
simultaneous stratigraphy profiles to enhance
the structural information of the snow cover re-
lated to the corresponding CPD values. In con-
clusion, the results of this study are assessing
the interest to further improve the CPD method
for climate and hydrological application in Arctic.
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Figure 5: Copolar Phase Difference (CPD) and snow depth comparison: example of a snow line tran-
sect (manual collection) from Ny-Alesund village to Bayelva meteorological station, 21/04/2017
(Source: AWIPEV).
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Figure 6: Copolar Phase Difference (CPD) and snow depth comparison: output results for 4 meteoro-
logical stations under different types of snow metamorphism during winter and spring 2017. Seven
TerraSAR-X dates without melting conditions are taken in account.
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