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ABSTRACT

Arctic freshwater fluxes make this region key to regulate
ocean currents and global climate. Hence, the Arctic Ocean
sea surface salinity (SSS) knowledge is crucial to describe
some of the processes that govern climate change.

Recently, Barcelona Expert Center (BEC) deployed their
version 2 of SSS Arctic data retrieved from Soil Moisture and
Ocean Salinity mission (SMOS) mission. Nevertheless, in the
context of the ESA Arctic+ initiative, BEC has planned to in-
troduce improvements in all the processing levels. Some of
the planned improvements include: (i) optimizing the projec-
tion grid of level 1, (ii) studying the performance of different
dielectric models in the Artic region and (iii) producing an ad-
ditional level 4 product. The SSS Arctic products from Soil
Moisture Active Passive (SMAP) mission could be used to
produce a level 4 by merging them with this new version of
SSS level 3 produced from SMOS.

Big data techniques are applied to produce debiased SSS
maps. These techniques will be refined by introducing a new
grouping method for the statistical study of the data.

The aim of this work is to obtain a more accurate ver-
sion of the Arctic salinity maps starting at 2011. The new
SMOS SSS maps are expected to better capture the Arctic
river plumes and thus they will help to better understand the
freshwater inflow/outflow in the Arctic Ocean.

Index Terms— Sea Surface Salinity, Arctic, SMOS, re-
mote sensing, big data

1. INTRODUCTION

The Arctic Ocean is key in controlling the Earth’s climate
throughout ocean currents and freshwater fluxes. Not only
the ice melting is a source of freshwater to Arctic Ocean; this
relatively small ocean collects about a 10% of the total river
discharges that take place in the planet [1]. The Arctic is very
sensitive to climate change and the climate variations strongly
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affect sea-ice thickness, sea-ice extension or thaw and, conse-
quently, the freshwater fluxes in the Arctic. Thus, the impor-
tance of having a good knowledge of the salinity of the Arctic
Ocean is undeniable. Unfortunately, the sparse number of in-
situ salinity measurements in this zone is a serious setback
in the attempt to describe such processes giving special rele-
vance to SSS retrieved from remote sensing measures.

Since November 2018, BEC serves their version 2 of
SSS Arctic data [2] retrieved from SMOS mission [3] from
http://bec.icm.csic.es. The processing chain starts with the
level 1B product from SMOS provided by ESA and the
processed salinity covers 2011-2017 period. The maps are
generated from 50◦N with a space-time resolution of 25 km
and 9 days. Nevertheless, the presence of a changing sea-ice
interface or the low Arctic sea surface temperature (SST)
makes the difficult task of remote SSS retrieval even more
challenging. Therefore, the research to provide a new version
has just started and it is now in their first stages.

The basic retrieval scheme will follow, as in version 2, the
non-Bayesian debiased algorithm described in [4] but several
improvements will be implemented. This work is enclosed
in the ESA’s Arctic+ Salinity project, whose primary objec-
tives are to explore, develop and validate novel approaches
to enhance SSS measurements on the Arctic from SMOS and
SMAP missions. Consequently one of our targets is to pro-
vide an SSS level 4 product by combining the obtained SSS
level 3 from SMOS and level 3 generated from SMAP mis-
sion level 2 [5, 6]. Also the projection grid in which level 1
orbits are generated will be optimized in order to minimize
interpolation processes at higher levels.

SSS is retrieved from brightness temperature TB mea-
sured by SMOS. In this process a dielectric constant model is
necessary to relate measured TB and SST. This relationship
is crucial to retrieve salinity because the dielectric constant
model depends on salt concentration of sea water. A new di-
electric model [7] will be assessed in the SSS Arctic retrieval
and compared with the one currently used [8].

Big data techniques are used to produce debiased SSS
maps. Therefore, it is expected to obtain better SSS maps
by changing statistical filters and the way in which the clima-



tological information is extracted from the huge set of SMOS
individual snapshots will be introduced and is expected to ob-
tain better results.

2. ALGORITHM IMPROVEMENTS

2.1. Grid change

The SMOS image reconstruction is performed by BEC and
the final L1C product is geolocated using a local Lambert
Azimuthal Equal Area (LAEA) projection. The origin of the
projection for each orbit is taken in the equator of the Earth
in latitude and in the center of each orbit in longitude. This
means that TB is obtained in a different grid for every L1C or-
bit. Therefore to produce SSS maps it is necessary to reproject
the L1C orbits into an Arctic projection and interpolate values
to regrid them to a regional grid. Current SSS Arctic prod-
uct is regridded into EASE-Grid 1.0 (CRS code 3408) which
corresponds to a Lambert Azimuthal Equal Area projection
centered at (90◦N, 0◦E). Version 1.0 of the EASE-Grid North
has been superseded by WGS 84 / NSIDC EASE-Grid 2.0
North (CRS code 6931) which introduces important improve-
ments over the previous version [9]. One of the improvements
is to make it easier for users to import data from version 2.0
into standard software packages and to minimize common re-
projection errors that have been encountered with the original
EASE-Grid definition. Therefore this new version of EASE-
Grid will be used in the new product.

Despite reprojection can be done without interpolation,
TB measures (or individual SSS retrieved values) are obtained
using different orbit-centered projections definition and can
not be projected over the center of the grid cells in a regional
projection. Figure 1a shows a SMOS image reconstructed
using the current method and reprojected into a 25 km EASE-
Grid 2.0 North (black dots). In this case it is necessary to
resort interpolation methods to create L3 maps because every
reconstructed image pixel is centered in a different latitude-
longitude point. By adopting the EASE-Grid 2.0 North in
the early stages of the processing chain, TB and SSS can be
obtained in this regional projection making unnecessary the
interpolation (figure 1b)

2.2. Dielectric model

Ocean salinity retrieval from SMOS is based on measuring
microwave emission in L-band from the sea surface. The
emitted radiation is characterized by its TB . In L-band regime
and for typical SST values, polarized TB and SST are linearly
related by horizontal and vertical emissivity which depends
on the dielectric coefficient (ε) of the sea water and the inci-
dence angle of the radiation (θ).

Meissner and Wentz model [8] was used in Aquarius and
it is currently used in SMAP salinity processors. This dielec-
tric model is also used to generate the SMOS Arctic SSS
product [2]. However, a new model specifically designed

(a) Current projection

(b) New projection

Fig. 1. Brightness temperature obtained for UTC 2018-08-
26 07:28:54 over the north coast of Greenland and processed
using a LAEA with origin in the center of the orbit and repro-
jected to the EASE-Grid 2.0 North (a) and the same snapshot
natively processed in the EASE-Grid 2.0 North (b). Black
dots indicate the EASE-Grid 2.0 North grid cells center

for SMOS and SMAP frequency -1.413 GHz- has been de-
veloped recently at George Washington University by Zhou,
Lang and collaborators [7]. Although both models provide
similar results in the context of the non-bayesian debiased re-
trieval in low and middle latitudes, we have detected some
differences in Arctic region that deserve further studies.

2.3. SMOS-based climatology computation

In order to retrieve salinity from measured TB it is necessary
to express TB at the bottom of the atmosphere. Once the flat
sea TB is determined, the salinity is retrieved by minimiza-
tion of the difference between the measured and the modeled
TB following a non-bayesian approach. SMOS commission-
ing phase finished in May 2010, therefore it has produced TB
images every 1.2 seconds for more than seven years. This
translates into more than 1.5 × 107 ocean snapshots per year
embracing each one an area of about 8 × 105 km2 (figure
2). This huge amount of salinity retrievals (one for each TB



value) allows us to characterize the systematic errors in as-
cending and descending passes as a function of the geograph-
ical position [4]. The enormous amount of images collected is
systematically processed to establish the typical salinity value
measured at each geographical position as a function of the
incidence angle and distance to the center of the orbit swath
(figure 2a). This is the so-called SMOS-based climatology.
This typical value contains the systematic bias for each ge-
ographical location and snapshot position and can be substi-
tuted by an annual reference field. Nevertheless, this snapshot
division is not uniform, especially outside from the known as
Alias-free Field Of View (AF-FOV) encircled by a yellow line
in figure 2. For that reason we shall implement a new snap-
shot division based on regular antenna coordinates (ξ,η) as it
is shown in figure 2b. By using this uniform antenna binning,
the SMOS-based climatology computation corresponding to
measures out from AF-FOV should be improved.

(a) Current snapshot division

(b) New snapshot division

Fig. 2. (a)Bins of incidence angle, in 5◦ steps, and cross track
distance in 50 km steps for a SMOS image over Svalvard is-
land. (b) Proposed binning in antenna coordinates preserving
the hexagonal nature of the image reconstruction

Fig. 3. First estimation of the temporal evolution of the mean
salinity in the Arctic and Antarctic regions. Note the increase
of the summer mean salinity in the Arctic along the period
2011-2013.

2.4. Temporal correction

The temporal correction applied to the current BEC SSS Arc-
tic maps is based on in-situ Argo data [10]. Nevertheless, the
Arctic region is not well sampled by these profilers and it is
advisable to implement a different approach.

The temporal correction for the global SSS maps gener-
ated at BEC is based on the assumption that the global aver-
age of SSS changes, at most, very slightly with time. This
hypothesis has been confirmed with Argo profilers. This re-
sult is a clear indication of a global-scale balance between
the different drivers of salinity change in the ocean: evapora-
tion, precipitation, river-runoff, upwelling, entraintment and
downwelling.

This invariance in the global mean value of SSS can be
used to evaluate the net freshwater advective (horizontal)
transport across different ocean basins. Therefore, based on
this result, the mean of the Arctic SSS can be evaluated from
global maps, providing a method to correct the bias of each
9-day map. A preliminary result about the mean Arctic and
Antarctic SSS is shown in figure 3.

2.5. Merging data

The L4 merged SSS product will be based on merging L3
SMOS and SMAP products. Note though that L3 products
from SMAP and SMOS have different temporal coverage.
Therefore, the SMAP L3 products to be merged should be
generated from their corresponding L2 data. Since the L3
products have the same temporal resolution, the construction
of the merged L4 product can be done using an objective anal-
ysis of the L3 sources. Nevertheless, a more sophisticated
technique is the so-called multifractal fusion [11]. This is
a blending algorithm combining two different variables with
the only condition that advection is important on them. The
assessment of the spatial resolution of the resulting merged or
aggregated product can be determined using the so-called sin-
gularity power spectra [12]. This powerful technique assesses
the geophysical consistency of the different satellite-derived
SSS maps and provides an indication of their resolved scales.



Fig. 4. Mackenzie river plume as detected by current version
of the product. Adapted from [2].

3. EXPECTED RESULTS

Our aim is to show an improved version of the SSS Arctic cur-
rently distributed by BEC. The spatial resolution and accuracy
of SSS maps for the Artic region should be improved by, first,
adopting the same projection grid that will be used to gener-
ate salinity maps during earlier steps in the production chain,
i.e: the image reconstruction, and second, by implementing
a new method to compute SMOS-based climatology (a new
snapshot division based on regular antenna coordinates). This
should also improve the detection of the plumes of the most
important rivers of the Arctic region (figure 4)

The ice mass release of major ice sheets (mainly Green-
land) and the sea ice retried produce a modification on the
salt content of the Arctic Basin. Changes on the north At-
lantic seaway have been observe increasing the Bering Strait
freshwater import to the Arctic Ocean and decreasing Davis
Strait export [13]. Therefore, with the 9 years of SMOS Arc-
tic SSS maps we will study the surface salinity temporal vari-
ation along the whole period 2011-2018, mainly by the North
Atlantic and Farm Strait region. Moreover, we will look for
correlations with the observed changes on the sea surface tem-
peratures on the region.
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