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Preface 
The 2016 European Space Agency (ESA) Living Planet Symposium in Prague, Czech 
Republic followed the previous successful symposia held in Edinburgh (2013), Bergen 
(2010), Montreux (2007), Salzburg (2004) and Gothenburg (2001).  With some 3000 
participants the 2016 symposium has been the largest event in Earth Observation ever 
organized by ESA.  
The main objectives of the ESA Living Planet Symposium 2016 were to: 

Ø Present the progress and plans for the implementation of ESA Earth Observation 
strategy and the relevance of ESA’s EO Programme to societal challenges, science and 
economy.	  

Ø Provide an international forum to scientists, researchers and users to present and share 
state of the art results based on ESA’s Earth Observation and third-party mission data.	  

Ø Review the development of Earth Observation applications.	  
Ø Present the Copernicus space component and operational services.	  
Ø Report on ESA’s Exploitation Programmes (i.e. Climate Change Initiative, SEOM, 

DUE, VAE, STSE).	  
Ø Introduce the current and future planned Earth Observation missions.	  
Ø Outline ESA’s international cooperation in the field of Earth Observation.	  
Ø Provide dedicated thematic tutorials and demonstrations.	  

The symposium covered the following themes: Atmosphere, Oceanography, Cryosphere, 
Land, Hazards, Climate and meteorology, Solid Earth/Geodesy, Near -Earth Environment, 
Methodologies, Products and Open Science 2.0. 
More information is available at the webpage: http://lps16.esa.int/index.php 
NERSC together with NIERSC were well represented at this Living Planet Symposium 2016 
with the following participants:  
(from NERSC): Sylvain Bouillon, Rick Danielson, Mohamad El Gharamti, Morten W. 
Hansen, Johnny A. Johannessen, Kirill Khvorostovsky, Anton Korosov, Stefan Muckenhuber, 
Roshin P. Raj, Stein Sandven, and Aleksander Vines. 
(from NIERSC): Victoria Khmeleva, Dmitry Kondrik, Alexandra Mushta, Anna Vesman, and 
Vladimir Volkov 
Altogether the two Nansen Centers were involved with a total of 13 oral presentations and 33 
poster presentations within the following themes: Sea Ice Research; Ocean Research; 
Toolboxes and Methods; Sentinel for Science; Atmosphere and Climate; and Land. These 
presentations are further highlighted in this report.  
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Oral presentations  

Sea	  Ice	  Research	  

Paper	  582	  -‐	  Session	  title:	  Sea	  Ice	  1	  
Very	  high	  resolution	  classification	  of	  Sentinel-‐1A	  data	  using	  segmentation	  and	  texture	  
features	  

Korosov, Anton Nansen Environmental and Remote Sensing Center, Norway 

All weather data from SAR provides unique possibilities for operational monitoring of sea ice. Automatic 
classification of SAR data is challenging since values of normalized radar cross section (NRSC also denoted as 
sigma0) for both open water and sea ice have similar ranges and differ only in texture [Sandven et al., 1999]. 

Over the European Arctic Sentinel1A operates in cross-polarization mode [signal is emitted in horizontal 
polarization and recorded both in horizontal (HH) and vertical (HV) polarizations]. HV signal is known to be 
more sensitive to difference in the scatter of sea ice and open water and combination of HH and HV 
polarizations is widely used for classification of SAR images for ice edge and ice type detection [Kaleschke and 
Kern, 2002]. A number of techniques have been developed to classify SAR data based not on the level of signal 
but on texture information [Haralik et al., 1973]. In these techniques a SAR image with relatively high spatial 
resolution (pixels size ranges from 10 to 75 meters) is split into subimages with width and height ranging from 
10 to 100 pixels. The values of NRSC in each pixel are scaled to integer values to constitute few gray levels 
(from 10 to 255 levels). The Gray Level Co-Occurence Matrix (GLCM) is calculated where the value in each 
cell is the number of neighbors with the color equal to the row and the column number. Several Haralick texture 
features (from 7 to 15) are calculated from the GLCM and quantitatively describe parameters of the features: 
energy, entropy, prominance, etc. 

The main problem with the approaches applied so far is that the actual resolution of the data is greatly reduced 
when many hundreds of pixels are used to calculate a single vector of texture features. He we suggest an 
algorithm for very high resolution classification of SAR data. 

Our algorithm solves the low resolution problem by combining segmentation of a SAR image and then 
calculating texture features for each segment. Segmentation is performed in a sliding window with size 300x300 
pixels. Each pixel is described by four parameters: sigma0 in HH, sigma0 in HV, X coordinate and Y coordinate. 
Pixels are grouped together in the 4D space using the k-means cluster analysis. Segments are formed from pixels 
with similar sigma0 and coordinates and too small segments (with less that 1000 pixels) are dissolved. The 
sliding window slides with overlapping to mitigate segmentation artefact at the edges. 

The texture features from many SAR image are then manually classified to create a training dataset. The training 
dataset is used to train Support Vector Machines (SVM) which are then used in a fully automatic manner. The 
algorithm is presented below with the steps 1 - 3 performed only during the training phase and other steps 
performed in operational processing of Sentinel-1A data: 

• Correction of NRSC for incidence angle (in HH) and thermal background noise (HV); 
• Segmentation of SAR data using k-means cluster analysis of pixels with sliding window; 
• Calculation of GLCM from pixels within each segment; 
• Calculation of 15 Haralick texture features; 
• Automatic classification of texture features using k-means cluster analysis; 
• Manual reclassification of texture features using visual analysis into training dataset; 
• Training of Support Vector Machine (SVM) based on the training dataset; 
• Automatic classification of Sentinel-1A SAR image into the desired classes (e.g. open water, sea-ice) 

The software for automatic classification is written in the Python language. It capitalizes on many open source 
libraries (GDAL, Nansat, mahotas) and is therefore made also publicly available at 
http://github.com/nansencenter/sentinel1ice.  
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Paper	  1362	  -‐	  Session	  title:	  Sea	  Ice	  3	  
ESA	  CCI	  Sea	  ice	  thickness	  extended	  round	  robin	  data	  package,	  phase	  2	  

Skourup, Henriette (1); Rinne, Eero (2); Hendricks, Stefan (3); Girard-Ardhuin, Fanny (4); Kaleschke, Lars (5); 
Kern, Stefan (5); Khvorostovsky, Kirill (6); Nicolaus, Marcel (3); Ricker, Robert (3); Sallila, Heidi (2); 
Sandven, Stein (6); Schwegmann, Sandra (3); Tonboe, Rasmus Tage (7) 1: DTU Space; 2: Finnish 
Meteorological Institute; 3: Alfred Wegener Institute; 4: Ifremer; 5: University of Hamburg; 6: Nansen 
Environmental and Remote Sensing Center; 7: Danish Meteorological Institute 

Sea ice thickness is one of the essential climate variables within the ESA Sea Ice Climate Change Initiative 
(SICCI) project. Time series (2003-2012) of sea ice thicknesses for the Arctic has already been produced from 

! !

! !

! !
!
!
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ENVISAT radar altimetry in phase 1 of the SICCI project.  To select the most optimal processing scheme, a 
round robin data package (RRDP) with observations of sea ice freeboard, draft, snow depth and density was 
established based on observations from aircraft, submarines and buoys. 

Phase 2 of the SICCI project extends the time series of sea ice thicknesses to include 1992-present based on 
ERS-1/2, ENVISAT, CryoSat-2 and SMOS data for both the Arctic and Antarctic regions. Thus, both the spatial 
and temporal coverage is extended and several more options for observations exist and will be included in the 
extended RRDP. The three main goals of the extended RRDP are to allow uncertainty estimation of sea ice 
freeboard retrieval, improvement of identification of snow properties suitable for freeboard retrieval, and 
evaluation of freeboard-to-thickness conversion. Additionally the extended RRDP will support the freeboard 
retrieval algorithm selection including re-tracker optimization. The observational data in the extended RRDP is 
co-located with sea ice freeboard/thickness/draft obtained from as many satellite data as possible, together with 
additional data, e.g. model results for snow depth on sea ice and sea ice classification, to obtain consistent and 
reliable information throughout the time-period 1992-present. 

Here is given a presentation of the data included in the extended RRDP with special focus on the goals, together 
with first results. 

Paper	  572	  -‐	  Session	  title:	  Sea	  Ice	  3	  
Simulated	  geophysical	  noise	  in	  microwave	  radiometer	  ice	  concentration	  estimates	  over	  
open	  water	  and	  snow	  covered	  sea	  ice	  

Tonboe, Rasmus (1); Mäkynen, Marko (2); Toudal Pedersen, Leif (1); Dybkjær, Gorm (1); Kern, Stefan (6); 
Lavergne, Thomas (5); Ivanova, Natalia (3); Heygster, Georg (4); Huntemann, Marcus (4); Høyer, Jacob (1); 
Similä, Markku (2) 1: Danish Meteorological Institute, Denmark; 2: Finnish Meteorological Institute, Finland; 
3: NERSC, Norway; 4: University of Bremen, Germany; 5: Met Norway, Norway; 6: University of Hamburg, 
Germany 

The geophysical noise in a selected number of  different sea ice concentration (SIC) algorithms each 
representing different families of algorithms, based on their selection of channels and their sensitivity to 
noise,  has been investigated using simulated datasets over open water (SIC=0%) and over sea ice (SIC=100%). 
Here the truth is 0 and 100% SIC and noise is defined as variability quantified as the standard deviation near 
these reference points. The sources of geophysical noise are surface emissivisty variations and atmospheric 
influence on the measured radiances. Sea ice emissivity variations are caused by variations of the microphysical 
parameters of sea ice and snow such as temperature, salinity, snow thickness, density, roughness and wetness. 
For water surfaces, the influences are temperature and wind speed, and for the atmosphere they are water vapour 
and cloud liquid water. Each of the systematic geophysical noise sources has or may have climatological trends 
so even if the noise source is small yet systematic it may introduce artificial trends in the sea ice record. When 
constructing a sea ice climate record there are several criteria for selecting algorithms such as consistency in the 
methodology, availability of long time-series of consistent  satellite data, quantification of uncertainties, and 
stability. Here we are trying to identify the algorithms with low sensitivity to geophysical noise, especially the 
noise that we cannot correct for. Over open water/low concentrations the Tb19v and Tb37v gradient type of 
algorithms have the lowest sensitivity to geophysical noise while the algorithms exclusively using near 90 GHz 
channels have by far the highest sensitivity. Over ice the atmosphere plays a much smaller role; in fact it acts as 
a smoother of the sea ice surface noise. Over ice the range of standard deviations of different  algorithms is 
smaller than over open water. However, the Bristol, TUD, and the 6 GHz algorithms have the lowest sensitivity 
to noise over sea ice while the polarisation type of algorithms such as NASA Team have the highest noise levels. 
This is consistent with the noise levels in the measurements. 

Paper	  1030	  -‐	  Session	  title:	  Sea	  Ice	  3	  
Using	  high-‐resolution	  satellite	  products	  to	  initialize	  and	  evaluate	  sea	  ice	  models	  

Rampal, Pierre (1,2); Bouillon, Sylvain (1,2); Olason, Einar (1,2); Ivanova, Natalia (1,2); Griewank, 
Philipp (1) 1: Nansen Environmental and Remote Sensing Center, Bergen, Norway; 2: Bjerknes Centre for 
Climate Research, Bergen, Norway 

Since the late 70s, satellites have provided an unprecedented amount of information on the state, drift, and 
deformation of the Arctic ice cover over a remarkably large range of spatial and temporal scales. Recently 
sophisticated multi-scale statistical methods have been applied to this flow of observations leading to a 
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significant improvement in our understanding of sea ice dynamics. Based on this new knowledge a re-evaluation 
of widely used sea ice models, as well as the development of new sea ice models has begun. 

We will present how we use a variety of daily-retrieved high-resolution (1-10 km) satellite data to initialize and 
evaluate a new Lagrangian sea ice model called neXtSIM. In particular, we show that neXtSIM reproduces the 
spatial discontinuities in the sea-ice drift associated with the formation of leads and ridges (spatial/heterogeneity 
properties), as well as their statistical distribution in time (temporal/intermittency properties) very well. To 
evaluate the sea ice drift and deformation we use data from the RADARSAT Geophysical Processor System 
(RGPS), the GlobICE project (http://www.globice.info) and the My Ocean Global Sea Ice Drift data set 
produced from Envisat ASAR. We also use lead fraction data retrieved from satellite passive microwave 
observations (AMSR-E and AMSR2) and ice thickness estimates from altimeters (ICESat and IceBridge), for 
both evaluation and initialization. 
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Paper	  217	  -‐	  Session	  title:	  CryoSat	  User	  Workshop	  2	  
Analysis	  of	  CryoSat-‐2	  radar	  altimeter	  waveforms	  over	  different	  Arctic	  sea	  ice	  regimes	  

Khvorostovsky, Kirill (1); Zygmuntowska, Marta (2); Sandven, Stein (1) 1: NERSC, Norway; 2: University of 
Bergen, Norway 

Satellite altimetry has been used to derive information about sea ice thickness in the Arctic already for several 
decades. In this connection the shape of the radar signal is used to identify leads, the open water between ice 
floes. Analysis of airborne altimeter data reveals that the waveform shape can additionally be used to identify 
different sea ice types. In this study we analyze signal waveforms from ESA’s CryoSat-2 satellite, to test the 
possibility of sea ice classification based on radar altimeter waveforms on an Arctic wide scale. We define six 
parameters to account for the difference in the shape of the radar waveforms obtained over First- and Multi-
Year-Ice and find significant differences for several of these parameters. The Pulse Peakiness, Stack Standard 
Deviation and Leading Edge Width show the largest difference. These waveform parameters can thus be used to 
classify First- and Multi-Year-Ice over large areas of the Arctic Ocean. However, analyzing the spatial 
distribution we find some discrepancies compared to other retrievals of sea ice type. CryoSat waveform 
parameters have values typical for Multi-Year-Ice over large areas classified as First-Year-Ice. These areas are 
co-located with strong gradients in drift speed, indicating, that the radar signal is mainly sensitive to surface 
roughness. Potentially this information could be used to reduce biases in the freeboard retrievals and to improve 
estimates of sea ice thickness. 

This study is part of a SIC algorithm evaluation in the European Space Agency (ESA) Climate Change Initiative 
(CCI) project. The project is developing capacity to construct a sea ice climate record from satellite data 
including sea ice thickness from radar altimetry (ERS 1-2, ENVISAT and eventually Cryosat 2 and Sentinel - 3) 
and sea ice concentration, area and extent from microwave radiometer data (AMSR 1 and 2). This presentation 
focus entirely on the SIC estimate sensitivity to geophysical noise over ice and open water including the 
influence of the atmosphere and the implications for climate applications. In particular, we wish to identify the 
role and impact of individual noise sources over open water and on snow covered sea ice. There is no evaluation 
at intermediate concentrations and during summer melt. 
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Paper	  697	  -‐	  Session	  title:	  SMOS	  
The	  ESA	  STSE	  SMOS+	  Sea	  Ice	  Project:	  Improved	  sea	  ice	  thickness	  retrieval,	  validation	  and	  
application.	  

Kaleschke, Lars (1); Tian-Kunze, Xiangshan (1); Maaß, Nina (1); Wernecke, Andreas (1); Hendricks, Stefan (2); 
Ricker, Robert (2); Mäkynen, Marko (3); Tonboe, Rasmus (4); Heygster, Georg (5); Bertino, Laurent (6); Xie, 
Jiping (6) 1: University of Hamburg, Germany; 2: Alfred Wegener Institute for Polar and Marine Research, 
Germany; 3: Finnish Meteorological Institute – Finland; 4: Danish Meteorological Institute, Denmark; 5: 
University of Bremen, Germany; 6: Nansen Environmental and Remote Sensing Center, Norway 

The aims of the SMOS+ Sea Ice project funded by ESA's Support To Science Elements (STSE) are 1) to further 
improve the retrieval of sea ice thickness from SMOS (Soil Moisture and Ocean Salinity) L-band radiometer 
data, 2) to combine the SMOS with CryoSat-2 data to generate a synergistic sea ice thickness product, and 3) to 
assess the benefit of using the new sea ice products for the initialization in forecast models. 

Brightness temperatures at 1.4 GHz (L-band) measured by the SMOS Mission have been used to derive the 
thickness of sea ice. The retrieval method is applicable only for relatively thin ice and not during the melting 
period. A validation based on field data from an extensive campaign in the Barents Sea in March 2014 showed 
that two different SMOS sea ice thickness products reproduce thickness gradients in the ground truth 
measurements but substantially underestimate the thickness of deformed ice. A sea ice thickness retrieval 
algorithm based on a combined sea ice thermodynamic and radiative transfer model takes variations of ice 
temperature and ice salinity into account and corrects for the statistical thickness distribution function derived 
from high-resolution ice thickness measurements. Improvements to account for the vertical temperature and 
salinity gradients in the ice, and the effects of ice concentration and snow layer are currently under development. 
Spatio-temporal evolution of ice thickness in the SMOS thickness products is assessed by intercomparison to 
MODIS thin ice thickness charts for the Barents and Kara Seas in 2014-2015. 

SMOS and CryoSat-2 provide complementary information because of their different spatio-temporal sampling 
and resolution, and because of the complementary uncertainty due to the fundamental difference in the 
radiometric and altimetric ice thickness measurement principles. The main limitations of the ice thickness 
retrieval depend on the emission e-folding depth and the vertical resolution of the effective radar pulse-length, 
respectively. It was shown that the combination of SMOS and CryoSat-2 considerably reduces the uncertainty 
with respect to the products derived from the single sensors. An optimal interpolation method was developed 
which will be used to generate a combined sea ice thickness product. 

The impact of using the new sea ice product in terms of improved forecast quality is assessed for the TOPAZ4 
system, an operational coupled ocean-sea ice data assimilation system in the Copernicus Marine Environment 
Monitoring Service (CMEMS). The forecast quality with respect to sea ice thickness and sea ice concentration 
will be investigated. 
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Oceanographic	  Research	  

Paper	  1480	  -‐	  Session	  title:	  Ocean	  Currents	  1	  
GlobCurrent	  -‐	  Multisensor	  Synergy	  for	  Surface	  Current	  Estimation	  

Johannessen, Johnny A. (1); Chapron, Bertrand (2); Collard, Fabrice (3); Rio, Marie-Helen (4); Piollé, Jean-
Francois (2); Quartly, Graham (5); Shutler, Jamie (6); Escola, Roger (7); Donlan, Craig (8); Danielson, Rick 
(1); Korosov, Anton (1); Raj, Roshin P. (1); Kudryavtsev, Vladimir (9); Roca, Monica (7); Labroue, Sylvie 
(4); Miller, Peter (5); Nencioli, Francesco (5); Warren, Mark (5); Hansen, Morten (1) 1: NERSC, Norway; 2: 
Ifremer, France; 3: OceanDataLab, France; 4: ISAC-CNR, France; 5: Plymouth Marine Laboratory, United 
Kingdom; 6: Univ. of Exeter, United Kingdom; 7: isardSAT, United Kingdom; 8: ESA-ESTEC, The Netherlands; 
9: RSHU, Russia 

The GlobCurrent project (http://www.globcurrent.org) funded under the ESA Data User Element (DUE) from 
2014-2016 aims to: (i) advance the quantitative estimation of ocean surface currents from satellite sensor 
synergy; and (ii) demonstrate impact in user-led scientific, operational and commercial applications that, in turn, 
will improve and strengthen the uptake of satellite measurements. 

Within the GlobCurrent project global and regional observation-based surface currents from 2002-2014 are now 
available at an interpolated spatial resolution of 10 km and temporal resolution of 3 hours. In addition delay 
Doppler altimetry from Sentinel-3, giving improved resolution and precision in the retrieval of SSH and the 
surface geostrophic current will gradually become available together with range Doppler derived surface current 
from Sentinel-1 for selected intense surface current regimes. Moreover, the ocean color images from the Korean 
geostationary GOCI sensor of the East China Sea and Sea of Japan allow the Maximum Cross Correlation 
technique to produce surface current advection from sequences of high frequency (hourly) image acquisitions. 
These fields will be combined with Sentinel-3 ocean color and SST retrievals. An important activity of the 
GlobCurrent project is the validation and quality assurance of the surface current fields and higher-level products 
using independent observations and information. Assessments are performed by intercomparison to model fields 
with and without assimilation, direct in-situ observations (e.g., Argo, surface drifters, ship drift logs), and high-
resolution remote sensing (e.g., satellite optical glitter and land-based high frequency radars). In addition, the 
value of the GlobCurrent products for ship navigations are investigated. These assessments, moreover, are 
complemented and extended by a range of validation studies pursued by independent user led teams. In this 
presentation we demonstrate how the GlobCurrent multisensor synergy based analyses approach can stimulate 
and strengthen research and development to better understand the 2-dimensional surface expressions in the 
context of the upper ocean 3-dimensional dynamics.  
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Paper	  1760	  -‐	  Session	  title:	  Ocean	  Currents	  2	  
Improved	  measurements	  of	  sea	  surface	  velocity	  from	  Envisat	  ASAR	  and	  Sentinel-‐1	  

Hansen, Morten Wergeland (1); Engen, Geir (2); Johnsen, Harald (2); Johannessen, Johnny A. (1); Korosov, 
Anton (1) 1: NERSC, Norway; 2: Norut, Norway 

The GSAR synthetic aperture radar (SAR) processor developed by Norut has been used in retrieving the 
geophysical range Doppler shift from Sentinel-1 and Envisat ASAR scansar acquisitions. Improvements in 
spatial resolution and uncertainty of the geophysical Doppler shift and the inverted surface velocity are 
addressed through examples from the Agulhas Current and the Norwegian Atlantic Current. The surface velocity 
retrievals are then assessed and compared to other direct and indirect estimates of the upper ocean current, in 
particular those obtained in the ESA GlobCurrent project. 
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Paper	  966	  -‐	  Session	  title:	  Ocean	  Color	  2	  
The	  Use	  of	  Gaussian	  Anamorphosis	  in	  Smoothing	  based	  State-‐Parameters	  Estimation	  for	  
Ocean	  Biogeochemistry:	  Application	  to	  the	  North	  Atlantic	  

El Gharamti, Mohamad (1); Samuelsen, Annette (1); Bertino, Laurent (1); Simon, Ehouarn (2) 1: Nansen 
Environmental and Remote Sensing Center, Norway; 2: École Nationale Supérieure d'électronique, 
d'électrotechnique, d'informatique, d'hydraulique et des Télécommunications 

Given the recent strong international focus on developing new data assimilation systems for biological models, 
we present in this comparative study the application of newly developed state-parameters estimation tools to an 
ocean ecosystem model. It is quite known that the available physical models are still too simple compared to the 
complexity of the ocean biology. Furthermore, various biological parameters remain poorly unknown and hence 
wrong specifications of such parameters can lead to large model errors. 

Standard joint state-parameters augmentation technique using the ensemble Kalman filter (Stochastic EnKF) has 
been extensively tested in many geophysical applications. Some of these assimilation studies reported that 
jointly updating the state and the parameters might introduce significant inconsistency especially for strongly 
nonlinear models. This is usually the case for ecosystem models particularly during the period of the spring 
bloom. A better handling of the estimation problem often consists of separating the update of the state and the 
parameters using the so-called Dual EnKF. The dual filter is computationally more expensive than the Joint 
EnKF but is expected to perform more accurately. Using a similar separation strategy, we propose a new EnKF 
estimation algorithm in which we apply a one-step-ahead smoothing to the state. We further perform the update 
step after transforming the state variables and parameters to a Gaussian space using different anamorphosis 
formulations. The new state-parameters estimation scheme is derived in a consistent Bayesian filtering 
framework and results in separate update steps for the state and the parameters. Unlike the classical filtering 
path, the new scheme starts with an update step and later a model propagation step is performed.    

We test the performance of the new smoothing-based schemes against the standard EnKF in a one-dimensional 
configuration of the GOTM-NORWECOM system in the North Atlantic. We use nutrients profile (up to 2000 m 
deep) data and surface chlorophyll-a measurements from Mike weather station (66o N, 2o E) to estimate different 
biological parameters of phytoplanktons and zooplanktons. We analyze the performance of the filters in terms of 
complexity and accuracy of the state and parameters estimates. 
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Paper	  594	  -‐	  Session	  title:	  Oceanography	  (Altimetry)	  1	  
Quantifying	  mesoscale	  eddies	  in	  the	  Lofoten	  Basin	  

Raj. P, Roshin (1); Johannessen, Johnny (1); Eldevik, Tor (2); Nilsen, Jan Even (1); Halo, Issufo (3) 1: 
NERSC, Norway; 2: Geophysical Institute, University of Bergen, Norway; 3: Department of Conservation and 
Marine Sciences, Cape Peninsula University of Technology, South Africa 

The Lofoten Basin is a hot spot of mesoscale eddy activity in the Nordic Seas. For the first time a comprehensive 
observational based quantitative analysis of eddies in the Lofoten Basin is documented using nearly two decades 
of satellite altimeter data (1995-2013) together with Argo floats and surface drifter data. An automated method 
identified 1695 anticyclonic eddies and 1666 cyclonic eddies from more than 10000 altimeter-based eddy 
observations. The spatial distribution of the life, occurance, generation, radius, intensity, amplitude and drift of 
the eddies along with the seasonality are studied in detail. There are more long-lived (> 60 days) anticyclonic 
eddies in the Lofoten Basin, especially in the western part of the basin. We reveal two hotspots of eddy-
occurance on either side of the Lofoten Basin. Furthermore we infer a cyclonic drift of both the cyclonic and the 
anticyclonic eddies, confined to the western Lofoten Basin. Barotropic energy conversion rate estimated for the 
basin shows the energy transfer from the slope current to the eddies. Surface drifters trapped inside eddies 
identified using an automated collocation method are used to validate the altimeter derived orbital motion of the 
eddies. The vertical structure of eddies is studied using automated colocated Argo float profiles. Anticyclonic 
eddies in the Lofoten Basin are found to be more non-linear compared to cyclonic eddies, which may have 
important implication on the heat transport from the slope current in to the basin interior. 
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Paper	  248	  -‐	  Session	  title:	  Oceanography	  (Altimetry)	  1	  
Accurately	  measuring	  sea	  level	  change	  from	  space:	  an	  ESA	  Climate	  Change	  Initiative	  for	  
MSL	  closure	  budget	  studies	  

Legeais, Jean-Francois (1); Cazenave, Anny (2); Larnicol, Gilles (1); Ablain, Michael (1); Faugere, Yannice (1); 
Meyssignac, Benoit (2); Johannessen, Johnny (3); Scharffenberg, Martin (4); Timms, Gary (5); Mbajon, 
Sabrina (5); Knudsen, Per (6); Andersen, Ole (6); Cipollini, Paolo (7); Roca, Monica (8); Rudenko, Sergei (9); 
Fernandes, Joana (10); Balmaseda, Magdalena (11); Quartly, Graham (12); Fenoglio-Marc, Luciana (13); 
Benveniste, Jerome (14); Ambrozio, Americo (14) 1: CLS, France; 2: LEGOS, France; 3: NERSC, Norway; 4: 
University of Hamburg, Germany; 5: CGI, United Kingdom; 6: DTU, Danemark; 7: National Oceanography 
Centre, United Kingdom; 8: IsardSAT, Spain; 9: GFZ, Germany; 10: Universidade do Porto, Faculdade de 
Ciências, Portugal; 11: ECMWF, United Kingdom; 12: Plymouth Marine Laboratory, United Kingdom; 13: 
TUD, Germany; 14: ESA - ESRIN, Italy 

Sea level is a very sensitive index of climate change and variability. Sea level integrates the ocean warming, 
mountain glaciers and ice sheet melting. Understanding the sea level variability and changes implies an accurate 
monitoring of the sea level variable at climate scales, in addition to understanding the ocean variability and the 
exchanges between ocean, land, cryosphere, and atmosphere. That is why Sea Level is one of the Essential 
Climate Variables (ECV) selected in the frame of the ESA Climate Change Initiative (CCI) program. It aims at 
providing long-term monitoring of the sea level ECV with regular updates, as required for climate studies. 

After a first phase (2011-2013), the program has started in 2014 a second phase of 3 years. The objectives of this 
second phase are to involve the climate research community, to refine their needs and collect their feedbacks on 
product quality, to develop, test and select the best algorithms and standards to generate an updated climate time 
series and to produce and validate the Sea Level ECV product. This will better answer the climate user needs by 
improving the quality of the Sea Level products and maintain a sustain service for an up-to-date production. To 
this extent, the ECV time series has benefited from yearly extension and it now covers the period 1993-2014. A 
full reprocessing of the dataset will be available in 2016. 

We will firstly present the main achievements of the ESA CCI Sea Level Project. On the one hand, the major 
steps required to produce the 21 years climate time series are briefly described: collect and refine the user 
requirements, development of adapted algorithms for climate applications and specification of the production 
system. On the other hand, the product characteristics are described as well as the results from product 
validation, performed by several groups of the ocean and climate modeling community. At last, the main 
improvements derived from the algorithms development dedicated to the 2016 full reprocessing of the dataset 
are described. Efforts have also focused on the improvement of the sea level estimation in the Arctic Ocean and 
in coastal areas for which preliminary results suggest that significant improvements can be achieved. 

 

Toolbox	  Presentation	  

Paper	  1807	  -‐	  Session	  title:	  Toolboxes	  2	  
Nansat	  -‐	  a	  scientist	  friendly	  Python	  toolbox	  for	  processing	  2D	  satellite	  EO	  raster	  data	  

Vines, Aleksander; Korosov, Anton; Hansen, Morten Wergeland; Yamakawa, Asuka; Olaussen, Tor 
Nansen Center, Norway 

Nansat is an open source, scientist friendly Python toolbox for processing 2D satellite EO raster data 
(https://github.com/nansencenter/nansat). Nansat provides high flexibility in a command-line interface to 
facilitate easy development and testing of scientific algorithms, easy analysis of geospatial data, and efficient 
operational processing. To enable the use of several data sources for co-location, comparison and validation, 
Nansat takes benefit of the already existing open source GDAL C++ library. This is used to read geospatial data 
from a number of different sources and to perform basic operations on the data. A core feature of the system is 
that data is read from file only when needed, and it is possible to extract subsets of the full dataset. This is more 
efficient than reading the full dataset into memory as is necessary with, e.g., Matlab and other similar software, 
in particular if it is stored on a remote server and accessed via, e.g., OPeNDAP. 
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Nansat contains a package called mappers, which adds metadata to complement the retrieved raster data. 
Presently, 40 datasets from different satellite instruments and numerical models can be opened with the mappers 
package, in addition to any gridded datasets following the NetCDF-CF standard. 

A set of functions to perform common operations on the data, like georeferencing and re-projection, averaging, 
transect extraction and analysis, as well as visualization and generation of high quality maps, is available. In 
addition to this, Nansat contains a set of common export functions. 
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Sentinels	  for	  Science	  	  

Paper	  1803	  -‐	  Session	  title:	  Sentinels	  for	  Science	  
Ocean	  Virtual	  Laboratory:	  Sentinels	  Ocean	  Synergy	  at	  your	  fingertips	  

Collard, Fabrice (1); Salaun, Cecile (1); Herledan, Sylvain (1); El Khoury Hanna, Ziad (1); Le Seach, Guillaume 
(1); Guitton, Gilles (1); Johannessen, Johnny (2); Korosov, Anton (2); Chapron, Bertrand (3); Piolle, Jeff (3); 
Reul, Nicolas (3); Isar, Alexandru (4); Nafornita, Corina (4); Darecki, Mirek (5); Konik, Marta (5); Quartly, 
Graham (6) 1: OceanDataLab, France; 2: NERSC, Norway; 3: IFREMER, France; 4: UPT, Romania; 5: 
IOPAN, Poland; 6: Plymouth Marine Laboratory, United Kingdom 

The main objective of building an Ocean Virtual Laboratory (OVL) plateform is to allow oceanographers and 
other scientists to freely discover the existence, visualize and analyse jointly, in a convenient, flexible and 
intuitive way, the various co-located EO datasets and related model/in-situ datasets over dedicated regions of 
interest with a multifacet point of view. Synergy tools within the OVL are developed to foster the emergence and 
prototype new methods and products making use of the complementarity between sensors to study ocean related 
processes. 

The OVL is developed with a special attention to provide the best possible visibility on the upcoming 
Sentinel1/2/3 datatakes and to help plan and coordinate validation field campaigns. Space agencies are investing 
in data portals to efficiently distributes specific EO data on one end, and analysis software like the Sentinel 
toolboxes, IDL/ENVI or Matlab are used for in-depth analysis of a specific dataset. Only a few GIS systems, 
such as Google Earth or ARCGIS, are able to import several data layers but only very limited data 
interaction/analysis is possible. The OVL is participating to a long-term effort towards the development of 
synergy analysis open source tools that fill this gap and provide multisensor data access and analysis capabilities. 

We will demo the OVL over the very dynamic Agulhas ocean region. See more at http://ovl-
project.oceandatalab.com/  
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Paper	  219	  -‐	  Session	  title:	  Cryosphere	  Posters	  
CRYO-‐38	  -‐	  A	  surface	  elevation	  changes	  of	  the	  Greenland	  ice	  sheet	  from	  SARAL/AltiKa	  
satellite	  radar	  altimeter	  

Khvorostovsky, Kirill (1); Simonsen, Sebastian Bjerregaard (2) 1: NERSC, Norway; 2: DTU, Denmark 

Radar altimeter measurements from ERS, Envisat and Cryosat-2 ESA’s satellites have been used for study of the 
ice sheet elevation changes for more than two decades. The follow-on SARAL ISRO/CNES mission with the 
radar altimeter AltiKa on board was launched in February 2013 on the same orbit as Envisat. However, in 
contrast to the previous Ku-band radar altimeters, AltiKa operates in Ka-band (36.8 GHz) resulting in smaller 
footprint, better vertical resolution and decreased penetration of the signal in the snowpack. This work presents 
Greenland ice sheet surface elevation changes (SEC) derived from the first years of SARAL/AltiKa operation as 
part of the ESA’s Climate Change Initiative program, which addresses the GrIS as one of the Essential Climate 
Variables. Seasonal changes in elevation and radar altimeter waveform parameters are estimated using crossover 
and stacking methods and compared with those derived from ERS, Envisat and CryoSat data. 
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Kirill Khvorostovsky1 (kirill.khvorostovsky@nersc.no) and Sebastian B. Simonsen2

1 Nansen Environmental and Remote Sensing Center, Bergen, Norway
2 Technical University of Denmark, Copenhagen, Denmark

Introduction
Radar altimeter measurements from ERS, Envisat and Cryosat-2 ESA’s
satellites have been used for studies of the ice sheet elevation changes for
more than two decades. The follow-on SARAL ISRO/CNES mission with the
radar altimeter AltiKa on board was launched in February 2013 [1].
This work presents Greenland ice sheet (GrIS) surface elevation changes
(SEC) derived from the first 2.5-years of SARAL/AltiKa operation as part of the
ESA’s Climate Change Initiative program, which addresses the GrIS as one of
the Essential Climate Variables.

1 Data 
• SARAL/AltiKa GDR data from March 2013 to December 2015 provided by

Archiving, Validation and Interpretation of Satellite Oceanographic (AVISO)
data portal (http://www.aviso.altimetry.fr/en/data.html).
SARAL/AltiKa is launched into the same orbit as Envisat, but in contrast to
the previous Ku-band radar altimeters, AltiKa altimeter operates in Ka-
band (36.8 GHz) resulting in smaller footprint, better vertical resolution
and decreased penetration of the signal in the snowpack [2].

• Cryosat-2 LRM L2i and SIN L2i data from October 2010 to December 2015
provided by ESA (ftp://science-pds.cryosat.esa.int).
In order to estimate the effect of different frequencies used for AltiKa and
previous satellite radar altimeters we compared results obtained from
AltiKa and Cryosat-2 for overlap period.

A surface elevation changes of the Greenland ice sheet
from SARAL/AltiKa satellite radar altimeter

3 Results
3.1 Saral/AltiKa

4 Conclusions
• For comparison of Saral/AltiKa and Cryosat-2 elevation time series the

approach for their interpolation has been developed and applied.
• Peak-to-peak seasonal amplitude of the GrIS elevation changes obtained

from Saral/AltiKa Ku-band altimeter data is few times lower than that
from Cryosat-2 Ku-band altimeter over southern GrIS drainage basins.

• Over the GrIS margins the elevation changes from Cryosat-2
measurements in SARIn mode are more noisy, but indicate larger thinning
rates.

References
[1] Vernon J. et al., Marine Geodesy, 38, 2015
[2] Remy F. et al., Marine Geodesy, 38, 2015
[3] Scharrer K., et al., Detailed Processing Model for the Ice_Sheets_cci project, 2014.
[4] Khvorostovsky K., IEEE Trans. on Geosc. and Rem. Sens., 50(1), 2012.,
[5] Zwally H. J., et al., 2012, GSFC Cryospheric Sciences Laboratory, at 

http://icesat4.gsfc.nasa.gov/cryo_data/ant_grn_drainage_systems.php. 

3.2 Comparison with Cryosat-2
Comparison of dH/dt obtained from Cryostat-2 and Saral/AltiKa data shows
that Saral/AltiKa results are less noisy, while Cryosat-2 measurements in
SARIn mode give, in general, larger thinning rates over margins (Figure 2).

Comparison of time series reveals larger seasonal variability for Cryosat-2
data especially over southern drainage basins (Figure 3). This illustrates the
effect of larger penetration of Ku-band radar altimeter signal from Cryosat-2
in the snowpack, which is not fully corrected by adjusting time series for
variations in backscatter coefficient and LeW. From the other side, Cryosat-2
time series give larger elevation thinning for the western drainage basins.

Acknowlegements
This work was funded and supported by the ESA Climate Change Initiative, Ice_Sheets_cci project.

2 Methods
Elevation time series
Elevation time series from SARAL/AltiKa and Cryosat-2 data (Ice-1 retracker)
are formed using crossover method as described in [3] for 0.1° latitude by
0.2° longitude grid cells as 3-months means with 1-month step. Time series
are corrected for variations in backscatter coefficient and leading edge width
(LeW) of the signal waveform as proposed in [4]. The dH/dt trends are
estimated from multi-parameter linear-sinusoidal function fitted to the dH
time series with more than 7 data points.
Cryosat-2 and Saral satellites have different location of crossover points due
to different orbits. Therefore in order to compare time series they have to be
interpolated to fill the gaps in space.

Time series interpolation
Since available time series may be referenced to different periods they, first,
were converted to a matrix of differences between time series points, which
were, further, interpolated by the inverse distance weighting method:
𝑑𝑑𝑑𝑑1 𝑑𝑑𝑑𝑑2 𝑑𝑑𝑑𝑑3 ⋯ 𝑑𝑑𝑑𝑑𝑁𝑁 - original time series

- matrix of differences between points

- matrix elements
⎣
⎢
⎢
⎢
⎢
⎡∆ 𝑑𝑑𝑑𝑑1×1 ∆ 𝑑𝑑𝑑𝑑1×2 ⋯ ⋯ ∆ 𝑑𝑑𝑑𝑑1×𝑁𝑁

⋯ ∆ 𝑑𝑑𝑑𝑑2×2 ∆ 𝑑𝑑𝑑𝑑2×3 ⋯ ⋯
⋯ ⋯ ⋯ ⋯ ⋯
⋯ ⋯ ⋯ ⋯ ⋯
⋯ ⋯ ⋯ ⋯ ∆ 𝑑𝑑𝑑𝑑𝑁𝑁×𝑁𝑁⎦

⎥
⎥
⎥
⎥
⎤
 

∆ 𝑑𝑑𝑑𝑑1×2 = 𝑑𝑑𝑑𝑑2  − 𝑑𝑑𝑑𝑑1   

Figure 1. AltiKa dH/dt for the period March 2013-December 2015: original (left) 
and after interpolation (right).
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Figure 3. dH time series from Saral/AltiKa and Cryosat-2 data averaged over 
drainage basins (blue - Cryosat-2, red – Saral/AltiKa). Locations of ice divides are 
taken from [5].

Figure 2. Cryosat-2 dH/dt and its difference from Saral/AltiKa dH/dt
(Saral/AltiKa – Cryosat-2) for the period March 2013-December 2015:
original (left), after interpolation (middle), and the difference (right).
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CRYO-‐37	  -‐	  Spaceborne	  measurement	  of	  Greenland	  ice	  sheet	  changes:	  the	  ESA	  Greenland	  
CCI	  project	  

Forsberg, Rene (1); Sørensen, Louise (1); Meister, Rakia (1); Simonsen, Sebastian (1); Dall, Jørgen (1); Kusk, 
Anders (1); Nagler, Thomas (2); Hetzenegger, Marcus (2); Evensberget, Dag (3); Hauglund, Kenneth (3); 
Khvorostovsky, Kirill (4); Shepherd, Andy (5); Hogg, Anna (5); Andersen, Signe (6); Hvidberg, Christine (7); 
Svensen, Synne (8); Engdahl, Marcus (9) 1: Technical University of Denmark, Denmark; 2: Enveo, Austria; 3: 
S&T Norway; 4: Nansen Environmental Research Centre, Norway; 5: University of Leeds, UK; 6: Geological 
Survey of Denmark and Greenland, Denmark; 7: Niels Bohr Institute, Copenhagen University, Denmark; 8: 
Danish Meteorological Institute; 9: ESA ESRIN, Italy 

The ESA “Greenland_ice_sheet_cci” project  is currently making past and present space measurements of 
Greenland ice sheet changes available for use by scientists, stakeholders and the general public. The data are part 
of a large set of ECV’s (Essential Climate Variables) made available by the ESA Climate Initiative, as a 
contribution to the global Climate Observing System. 

The ECV data produced for the Greenlandice sheet include detailed grids of elevation changes and ice flow 
velocities, as well as line data of grounding lines and calving front locations for major outlet glaciers. The 
“ice_sheets_cci” goal is to generate a consistent, validated, long-term and timely set of ECV’s, a.o. to improve 
the impact of satellite data on climate research and coupled ice sheet/climate models.  Special focus is on use of 
data from ESA missions such as ERS, Envisat and the new Sentinel missions, but in the 2nd phase of the project, 
just initiated, mass balance data from the GRACE mission will also be included. 

In the presentation the current CCI results are highlighted, including Greenland-wide elevation change results 
across 23 years of radar altimetrry from ERS, Envisat and CryoSat, ice velocities for the coastal regions and 
major outlet glaciers, new Greenland-wide ice velocities from the ESA Sentinel-1 mission, and 14 years of mass 
changes from GRACE. 

The ECV data confirm a consistent overall picture of accelerating mass loss of the Greenlandice sheet, a mass 
loss which has more the doubled in the last decade. Current rates of changes well above 250 GT/year, 
corresponding to 0.7 mm/year global sea level rise, and originating especially from mass loss associated with 
major outlet glacier systems. In the future it is proposed to add additional ECV parameters to the products, 
including a.o. high-resolution mass change products from GRACE/CryoSat/S-3, and ocean sea level rise 
regional “finger print” data from the associated closure of the overall global sea level budget, in cooperation with 
Glaciers, Antarctica and Sea Level CCI projects. 

Paper	  1580	  -‐	  Session	  title:	  Cryosphere	  Posters	  
CRYO-‐164	  -‐	  Microwave	  remote	  sensing	  of	  snow	  depth	  on	  Arctic	  sea	  ice	  

Frost, Torben (1); Heygster, Georg (1); Invanova, Natalia (2); Melsheimer, Christian (1); Saldo, Roberto (3); 
Toudal Pedersen, Leif (4) 1: University of Bremen, Germany; 2: Nansen Center of Environmental Research, 
Bergen, Norway; 3: Technical University of Denmark, Lyngby; 4: Danish Meteorological Institute 

Snow on sea ice affects the radiative balance and knowledge of snow depth it is required when determining sea 
ice thickness from freeboard measurements based on altimeter observations e.g. from CryoSat-2. Remote 
sensing of snow depth based on microwave satellite observations was first suggested by Marcus and Cavalieri 
(1998) for Antarctic sea ice based on SSM/I (Special Sensor Microwave / Imager) data. It is based on the the 
gradient ratio of the 18 and 37 GHz channels, vertically polarized, i.e., the difference between the two brightness 
temperatures, normalised by their sum, denoted (GRV18,37). Transferring the procedure to Arctic ice conditions 
has been attempted, but turned out to be difficult because it is hampered by several complications such as the 
presence of more distinct ice types in the Arctic, and more sea ice deformation. During the various flights in the 
context of the Operation Ice Bridge (OIB) campaigns, also snow depth on sea ice has been observed with a snow 
radar and laser altimeter. Here, we use OIB snow depth data of the years 2009-2011 (about 500 observations) for 
a systematic investigation of all gradient ratios between daily averages of the AMSR-E (Advanced Microwave 
Scanning Radiometer for EOS) channels near 6, 10, 18, 23, 37 and 89 GHz, both polarizations for correlation 
with the snow depths. As initial result we find the strongest correlations with values around -0.7 for the 
vertically polarized gradient ratios at 6 GHz channel with those at 10,18 and 23 GHz and for GRV(18,10). A 
similar study is performed for AMSR2 and OIB data 2012-1015 (about 300 observations). Here we find even 
stronger correlations up to -0.88 at the same channel combinations. These are promising results in view of 
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systematically retrieving snow depth on Arctic sea ice. A multilinear regression and a more detailed physical 
analysis of the data will be presented, also distinguishing cases of first-year and multi-year ice and discussing 
potential systematic influences in the OIB data. 

Paper	  218	  -‐	  Session	  title:	  Cryosphere	  Posters	  
CRYO-‐173	  -‐	  Analysis	  of	  the	  methods	  of	  Arctic	  sea	  ice	  freeboard	  retrieval	  using	  ICESat	  data	  

Khvorostovsky, Kirill NERSC, Norway 

Sea ice freeboard derived from satellite altimetry is the basis for estimation of sea ice thickness using assumption 
of hydrostatic equilibrium. Therefore a high accuracy of altimeter measurements and freeboard retrieval 
procedure is required. Currently two approaches for estimation of the freeboard using laser altimeter 
measurements from Ice, Cloud, and land Elevation Satellite (ICESat), referred to as tiepoints (Kwok et al., 2007) 
and lowest-level elevation methods (Zwally et al., 2008), have been developed and applied in different studies. 
We reproduced these retrieval algorithms in order to assess and analyze the sources of the differences between 
freeboard estimates for the Arctic sea ice. It was found that approach for determination of sea level references 
applied in the lowest-level elevation method for some ICESat observation periods underestimates freeboard 
estimates over thickest part of multy-year ice locally by up to 15 cm. In contrast, tiepoits method tends to 
underestimate freeboard over vast areas of thin first-year ice by 3-5 cm when using original retrieval algorithms, 
and by less than 2 cm if applying improvements proposed in this study. Also the effects of different along track 
resolutions and geoids used in the freeboard retrieval process are found to contribute to the difference between 
the estimates. In addition, in the studies where freeboard estimates are retrieved by tiepoints method they are 
corrected for snow depth and presence of ice within the ICESat footprint of samples used to determine sea 
surface references. An applying of these adjustments can explain a large part of the observed difference in the 
available products of the Arctic sea ice thickness. 
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K. S. Khvorostovsky (kirill.khvorostovsky@nersc.no)
Nansen Environmental and Remote Sensing Center, Bergen, Norway

Introduction
The sea ice thickness over large-scale basins can be estimated from the satellite
altimeter measurements of the sea ice freeboard, which is used to convert
freeboard to thickness assuming the hydrostatic equilibrium of floating.
In this study [1] we reproduced and analysed two methods of freeboard retrieval
from Ice, Cloud, and land Elevation Satellite (ICESat) data that were used by Jet
Propulsion Laboratory (JPL) and the Goddard Space Flight Center (GSFC) to derived
the two most widely used Arctic sea ice thickness products. The JPL thickness
estimates were found to be thicker on average by 0.42 m [2] that can be
attributed to different algorithms used for freeboard retrieval and for freeboard-
to-thickness conversion.

1 Data
• ICESat GLA13 product (Release 32) from 10 laser campaigns, corresponding to

autumn and winter ∼35 days periods for 2003-2008.
• Multiyear ice fraction dataset produced by reprocessing the QuikSCAT satellite

scatterometer data following [3]
• NSIDC sea ice concentration product based on Advanced Microwave Scanning

Radiometer (AMSR-E) satellite measurements.

Analysis of the methods of the Arctic sea ice freeboard retrieval
using ICESat data

3 Comparison of freeboards
3.1 Sensitivity to averaging scales
The JPL and GSFC products are generated using different along-track averaging
scales to calculate ℎ𝑠𝑠𝑠𝑠: 1% of lowest elevations available over 100-km around each
sample for the GSFC product, while 25-km non-overlapping segments are used for
the JPL product.
We found that differences between freeboards retrieved by LLE method using
along-track averaging segments of 25-km and 100-km to estimate ℎ𝑠𝑠𝑠𝑠 is about 4
cm (Figure 1 for the FM06 period).

4 Summary and conclusions 
Mean sea ice freeboard calculated over the whole arctic basin using different
methods is shown in the Figure 6.

The different along-track averaging scales and approaches to calculate sea
surface references, from one side, and the freeboard adjustments as applied
in the TP method used to produce the JPL dataset, from the other side, are
roughly compensating each other with respect to freeboard estimation.
Thus, the freeboards of the GSFC product and those that were most likely
calculated at JPL are close in average, meaning that the difference between
the JPL and GSFC averaged sea ice thicknesses are probably coming from the
difference in the choice of parameter values used in the freeboard-to-
thickness conversion.
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2 TP and LLE methods
A key step in freeboard estimation process is the determination of the local sea
surface reference ℎ𝑠𝑠𝑠𝑠 from measurements over leads.
The JPL method proposed in [4] (tie-points (TP) method), is based on identification
of sea surface reference points (tie-points), for which the measured elevations are
lower than the predefined threshold value for corresponding surface elevation
variability.
The GSFC approach [5, 6] (lowest-level elevation (LLE) method) is based on
selecting a 1% percent of the lowest elevation measurements within 100-km
along-track section surrounding every ICESat sample assuming that their mean
represents the local sea surface height for the given sample.

3.2 Effect of the approach for sea surface reference estimation
A comparison of sea ice freeboards calculated using the LLE and TP methods when
applying the same along-track averaging scale is presented in Figure 2 for FM05
and FM08 periods.

Negative differences are found for areas covered by MYI and located north of
Greenland and Canadian Arctic Archipelago. The largest negative differences are
observed for the period FM08 and are about -15 cm. Positive differences of 3-5 cm
are obtained over FYI for most of the ICESat campaigns, with a peak in FM08.

Figure 1. Effect of using different scales for
along-track averaging (longer minus
shorter) on freeboard estimates (cm)
when applying the LLE method for FM06
period.

3.3 An improved algorithm for the TP method
In the TP method the samples are identified as tie-points if they are located below
the line of the relationship between elevation variability and elevations with dips
in reflectivity, which are found to be associated with young ice in leads [4] (Figure
3, red line). We found that further constraining the method of selection of
samples by requesting the dips in elevation (Figure 3, black line) results in better
agreements of LLE and TP results for thin FYI (Figure 4)
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Figure 2. The differences between sea ice freeboard estimated using LLE and TP methods
(LLE minus TP) for FM05 and FM08 periods (cm). Thick black line on the maps delineates
the average 50% isopleth of multi-year ice fraction.

3.4 Impact of adjustments for snow depth in leads and lead size
The TP method [4] has been further developed in [7] to account for snow depth at
the location of tie-points and in [8] to adjust freeboard estimates for the size of
leads with respect to the size of ICESat footprint. Applying of these corrections
increases freeboard estimates respectively by 2-3 and 3-7 cm on average over the
Arctic depending on the period considered (see Figure 5 for ON05 period).
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Figure 5. Adjustments of freeboard
retrieved using the TP method
accounting for snow depth on top of
new ice in leads (left) and leads width
with respect to ICESat footprint area
(right) for the period ON05 following [7]
and [8].

Figure 6. Freeboard time series calculated over the whole arctic basin, FYI and MYI areas as
provided in the GSFC product (black) and retrieved in this study by the LLE method when
using shorter along-track averaging scales (red), the TP method (green), the TP method, which
includes the improvements in the freeboard retrieval algorithm proposed in this study
without (green dashed) or with (blue) adjustments for snow depth and leads width applied.
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Paper	  400	  -‐	  Session	  title:	  Cryosphere	  Posters	  
CRYO-‐177	  -‐	  On	  producing	  sea	  ice	  deformation	  data	  sets	  from	  SAR-‐derived	  sea	  ice	  motion	  

Bouillon, Sylvain (1,2); Rampal, Pierre (1,2) 1: Nansen Environmental and Remote Sensing Center, Norway; 
2: Bjerknes Centre for Climate Research 

We propose a method to reduce the error generated when computing sea ice deformation fields from synthetic 
aperture radar (SAR)-derived sea ice motion. The method is based on two steps. The first step consists of using a 
triangulation of the positions taken from the sea ice trajectories to define a mesh on which a first estimate of sea 
ice deformation is computed. The second step consists of applying a specific smoother to the deformation field 
to reduce the artificial noise that arises along discontinuities in the sea ice motion field. This method is here 
applied to RADARSAT Geophysical Processor System (RGPS) sea ice trajectories having a temporal and spatial 
resolution of about 3 days and 10 km, respectively. From the comparison between unfiltered and filtered fields, 
we estimate that the artificial noise causes an overestimation of about 60 % of opening and closing. The artificial 
noise also has a strong impact on the statistical distribution of the deformation and on the scaling exponents 
estimated with multifractal analysis. We also show that a similar noise is present in the deformation fields 
provided in the widely used four-point deformation RGPS data set. These findings may have serious 
implications for previous studies as the constant overestimation of the opening and closing could lead to a large 
overestimation of freezing in leads, salt rejection and sea ice ridging. 
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Paper	  579	  -‐	  Session	  title:	  Cryosphere	  Posters	  
CRYO-‐180	  -‐	  A	  reference	  dataset	  to	  evaluate	  sea	  ice	  concentration	  algorithms	  

Tonboe, Rasmus T. (1); Mäkynen, Marko (2); Toudal Pedersen, Leif (1); Dybkjær, Gorm (1); Kern, Stefan (3); 
Lavergne, Thomas (4); Ivanova, Natalia (5); Heygster, Georg (6); Saldo, Roberto (7) 1: Danish Meteorological 
Institute, Denmark; 2: Finnish Meteorological Institute, Finland; 3: University of Hamburg, Germany; 4: Met 
Norway, Norway; 5: NERSC, Norway; 6: University of Bremen, Germany; 7: DTU Space, Denmark 

The European Space Agency’s (ESA) climate change initiative (CCI) sea ice project has established a round 
robin data package (RRDP) for sea ice concentration (SIC) algorithm inter-comparison and evaluation. The 
dataset is openly available. It contains an extensive collection of collocated microwave radiometer data and other 
geophysical parameters with relevance for computing and understanding variability of the microwave radiometer 
SIC over open water and 100% sea ice. It covers the Northern and Southern hemispheres, thin ice, first-year ice, 
multiyear ice and all seasons including summer melt. 

The open water data (SIC=0%) are collected in selected regions outside but relatively close to the ice edge in the 
Atlantic and the Pacific on both hemispheres. High resolution sea ice drift fields derived from consecutive and 
overlapping SAR scenes have been used to identify regions of sea ice convergence. During winter these regions 
are assumed to have ~100% sea ice cover (either due to the convergence or due to refreezing of eventual 
remaining openings). Similarly to the open water data all ice data have been resampled to coarse resolution. A 
thin ice dataset has been established using ENVISAT ASAR data to identify areas of near 100% ice 
concentration, and SMOS to quantify the ice thickness, and a Summer dataset with melt-pond fractions has been 
derived from MODIS data.  

The database consists of TB data measured by: AMSR-E, SMMR and SSMI microwave radiometers, 

Simulated data; using a radiative transfer model for snow and ice; using modified Wentz radiative transfer 
models for the atmosphere and the open ocean. The simulated data contain in addition to the brightness 
temperatures at SMMR, SSM/I and AMSR channels also geophysical parameters snow depth, physical 
temperature and atmospheric parameters; SMOS brightness temperatures; NWP data from ERA Interim and 
ASCAT backscatter at 40 degree incidence angle. 

This study is part of a Sea Ice Concentration algorithm evaluation of the European Space Agency (ESA) Climate 
Change Initiative (CCI) project. The project is developing capacity to construct a sea ice climate record from 
satellite data including sea ice thickness from radar altimetry (ERS 1-2, ENVISAT and eventually Cryosat 2 and 
Sentinel - 3) and sea ice concentration. 

Paper	  930	  -‐	  Session	  title:	  Cryosphere	  Posters	  
CRYO-‐181	  -‐	  The	  ESA	  Climate	  Change	  Initiative	  Sea	  Ice	  Thickness	  Products	  From	  Satellite	  
Radar	  Altimetry	  

Rinne, Eero (1); Hendricks, Stefan (2); Ricker, Robert (2); Nicolaus, Marcel (2); Kern, Stefan (3); Sallila, Heidi 
(1); Khvorostovsky, Kirill (4); Sandven, Stein (4) 1: Finnish Meteorological Institute, Finland; 2: Alfred 
Wegener Institute, Germany; 3: University of Hamburg, Germany; 4: Nansen Environmental and Remote 
Sensing Center, Norway 

We present the sea ice thickness and freeboard products of the ESA Climate Change Initiative (CCI) project. The 
products include gridded Arctic sea ice freeboard and thickness for the ice covered seas in the northern 
hemisphere. The freeboard and subsequent thickess esimates are derived from the radar altimeters ERS-2, 
Envisat and Cryosat-2 satellites during cold winter months from November to March since November 1995. The 
spatial coverage of the estimates is limited by the inclination of the satellite platforms (measurements were made 
only south of 82 N for ERS-2 and Envisat and 88 N for Cryosat-2). 

We describe the products and present the technical challenges of constructing a consistent thickness time series 
from the three different altimeters. We present and justify the technical choices made, such as the chosen 
retracking scheme, as well as the used auxiliary data products such as the snow load, and sea ice concentration 
estimates used in the processing. We shall give estimates of sea ice thickness development in chosen areas for 
the 20 year timespan 1995-2015.   
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Paper	  1158	  -‐	  Session	  title:	  Cryosphere	  Posters	  
CRYO-‐184	  -‐	  Atmospheric	  correction	  for	  sea	  ice	  concentration	  retrieval	  at	  89GHz	  

Lu, Junshen (1); Heygster, Georg (1); Perdersen, Leif Toudal (2); Saldo, Roberto (2); Ivanova, Natalia (3) 1: 
Institute of Environmental Physics (IUP) / University of Bremen, Germany; 2: Danmarks Meteorologiske Institut 
(DMI); 3: Nansen Environmental and Remote Sensing Center (NERSC) 

A new sea ice concentration retrieval algorithm that uses weather corrected polarisation difference in brightness 
temperature at 89 GHz measured by AMSR-E is developed. Two approaches, the new version of the Artist Sea 
Ice algorithm with weather correction (ASI2) and the Linear 90 algorithm (Lin90) are studied and compared. 
Effects of wind, total water vapour, cloud liquid water and surface temperature on the measured brightness 
temperatures (TBs) are evaluated through a radiative transfer model (Wentz and Meissner 2000). TBs of open 
ocean and multi-year ice are more sensitive to the atmospheric water due to their low emissivities, whereas that 
of first year ice are more influenced by the surface temperature. These weather effects are corrected by 
simulating changes in TB caused by the atmospheric water absorption/emission and wind roughened ocean 
surface scattering using climate reanalysis data fields as atmosphere profiles. New tie points are computed for 
the new algorithm, and the corrected TBs are then input to the ASI2 and Lin90 algorithms to retrieve ice 
concentration. 

The corrected TBs and ice concentrations are compared with a validation data set consisting of TBs measured by 
AMSR-E over open ocean and consolidated ice. This dataset was developed in the context of ESA Climate 
Change Initiative Sea Ice project. Lower standard deviation of TBs and retrieved ice concentration is interpreted 
as a positive correction effect. The ASI2 and Lin90 algorithms yield similar results. Two reanalysis products are 
tested as input atmospheric profile, ERA-Interim by European Centre for Medium-Range Weather Forecasts 
(ECMWF) and Arctic System Reanalysis (ASR) by Bromwich et al (2012). The spatial resolution of ERA-
Interim is about 80 km, while that of ASR is 30 km. The latter utilizes a high resolution version of the Polar 
Weather Forecast Model (PWFM) that is optimized for the Arctic, and yields lower bias in ice concentration. 
Over open water, the correction decreases the standard deviation of ice concentration from over 30% to about 
20%, and lowers its bias to within 5% in all months. Over consolidated ice, the correction effect strongly 
depends on the chosen ice emissivity. The standard deviation of first-year ice emissivity can reach 0.12 at 85V 
and 0.11 at 85H during melt season (Willmes et al 2014), but such variability is not represented by the monthly 
ice emissivities used in this study. The corrected ice concentration show little difference in winter, and has much 
higher bias (up to -26.1%) and standard deviation (up to 24.7%) in summer. Seasonal tie points are being 
researched to better represent the variability of ice emissivity. 

The ASI2 algorithm is applied to AMSR-E Level 2A re-sampled swath data of 2008. At 89 GHz, the Level 2A 
data has a spatial resolution of 6 km. New weather filter based on corrected TBs at 19V, 19H and 37V are 
applied to screen out the residual cloud impacts over open water. Resulting ice concentrations are compared to 
those of the NASA Team 2 and Bootstrap algorithms, and to MODIS images near the ice edge. More 
comparison will be done with the OSI-SAF and SICCI ice retrievals. The ice area computed by ASI2 agrees well 
with NASA Team 2 and Bootstrap in winter, but is underestimated in summer, in accord with the poor 
performance of weather correction during the melt season. Overlaying ice concentration contours of ASI and 
ASI2 with MODIS images shows that ASI2 resolves a more realistic ice gradient across the ice edge. In 
conclusion, the new algorithm can effectively reduce the weather effects at regions of low ice concentration, and 
is able to retrieve ice concentration lower than 10%. Its application on closed ice pack depends on a better 
understanding of the ice emissivity variability, and the research is on going. 
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Paper	  1468	  -‐	  Session	  title:	  Cryosphere	  Posters	  
CRYO-‐186	  -‐	  Seeking	  an	  optimal	  algorithm	  for	  a	  new	  satellite-‐based	  Sea	  Ice	  Drift	  Climate	  
Data	  Record:	  Motivations,	  plans	  and	  initial	  results	  from	  the	  ESA	  CCI	  Sea	  Ice	  project	  

Lavergne, Thomas (1); Dybkjær, Gorm (2); Girard-Ardhuin, Fanny (3); Hollands, Thomas (4); Karvonen, Juha 
(5); Kern, Stefan (6); Linow, Stefanie (4); Muckenhuber, Stefan (7); Pedersen, Leif (2); Saldo, Roberto (8) 1: 
Norwegian Meteorological Institute, Norway; 2: Danish Meteorological Institute, Denmark; 3: IFREMER, 
France; 4: Alfred Wegener Institute, Germany; 5: Finnish Meteorological Institute, Finland; 6: University of 
Hamburg, Germany; 7: Nansen Environmental and Remote Sensing Center, Norway; 8: Denmark Technical 
University, Denmark 

The Sea Ice Essential Climate Variable (ECV) as defined by GCOS pertains of both sea ice concentration, 
thickness, and drift. Now in its second phase, the ESA CCI Sea Ice project is conducting the necessary research 
efforts to address sea ice drift. 

Accurate estimates of sea ice drift direction and magnitude are essential for quantification of the role of dynamic 
sea ice processes contributing to polar sea ice volume and ocean-atmosphere heat exchange. Error-characterised, 
long-term sea ice drift information are required for assessing the performance of climate simulations and further 
develops the physical parametrizations. Sea ice drift products are also required to locate regions of convergent 
and divergent ice motion across spatio-temporal scales from meters / hours to basins / years. 

The work in the CCI Sea Ice project includes defining metrics for assessing the accuracy of algorithms, selecting 
relevant satellite and “ground-truth” data, building the Round-Robin Data Package for testing the algorithms, 
and finally selection of the most promising algorithm(s) for processing of a new sea ice drift climate dataset. 
Specific efforts are dedicated to the definition of per-grid-cell uncertainties in the final product. This contribution 
reviews the motivation for the work, the plans for sea ice drift algorithms intercomparison and selection, and 
early results from our activity. 

Paper	  1613	  -‐	  Session	  title:	  Cryosphere	  Posters	  
CRYO-‐187	  -‐	  Sea	  ice	  monitoring	  and	  forecasting	  system	  to	  support	  safe	  operations	  and	  
navigation	  in	  the	  Arctic	  seas	  (SONARC)	  

Bobylev, Leonid (1,2); Sandven, Stein (2); Volkov, Vladimir (1); Pettersson, Lasse (2); Stephenson, Scott 
(4,2); Khmeleva, Victoria (1); Vesman, Anna (1,3); Muckenhuber, Stefan (2); Demchev, Denis (3,1); 
Babiker, Mohamed (2); Mushta, Alexandra (1); Smirnov, Kirill (1) 1: Nansen International Environmental 
and Remote Sensing Centre (NIERSC), St. Petersburg, Russia; 2: Nansen Environmental and Remote Sensing 
Centre (NERSC), Bergen, Norway; 3: Arctic and Antarctic Research Institute (AARI), St. Petersburg, Russia; 4: 
University of Connecticut (UConn), Storrs, US 

The main objective of SONARC Project is to develop a sea ice monitoring and forecasting system to support 
safe operations and navigation in Arctic seas. SONARC exploits Synthetic Aperture Radar (SAR) data from 
satellites as a major component of this system. From 2015 Sentinel-1 is the main provider of SAR data, which 
are delivered every day in the near real-time for monitoring of sea ice and other environmental parameters. In the 
framework of the project the following algorithms will be developed: (1) sea ice classification of different ice 
types and open water; (2) sea ice drift retrieval with sufficient resolution to map mesoscale ice motion and 
deformation fields; and (3) iceberg detection by combined use of SAR and high-resolution optical images. 
Furthermore, SONARC integrates SAR data with data of Automatic Identification System (AIS) from vessels 
operating in sea ice areas. With AIS positions combined with SAR images it will be possible for ship captains to 
find sailing routes through open leads or thin ice and avoid areas with ridges and other difficult ice conditions. 
For planning optimal sailing routes in the Arctic, a navigation model will be used in combination with AIS and 
satellite-based ice data. Finally, the sea ice and navigation data combined with ice forecasts will be demonstrated 
to an ice-going vessel during a field trial. The demonstration will also include use of an ice forecasting model 
developed at NERSC. The results of the field trial will be assessed by users, and recommendation for future 
implementation of a monitoring and forecasting system will be worked out. Key user groups for the system are 
shipping companies, oil and gas companies, operational met-ocean services, coastal and ship traffic authorities, 
risk management and environmental organizations working in the Arctic. 

Through workshops and meetings with users, the project results will be demonstrated and disseminated. The 
dissemination will target several user groups: 
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1. Shipping companies operating in the Arctic. In recent years there has been an increasing number of 
ships sailing through the Northern Sea Route in the summer months. Many of these ships need to avoid 
sea ice at all, while others can operate in thin ice, depending on ice class. 

2. Offshore industry involved in planning of Arctic drilling and exploration activities in ice-covered areas. 
3. Operational weather and ocean forecasting centres and marine research institutes delivering 

oceanographic and sea ice data products. 
4. Other stakeholders such as regulatory bodies (IMO, with the Polar Code), intergovernmental bodies 

(Arctic Council), risk management organisations (DNV GL), coastal authorities, and the Knowledge 
Center under Svalbard Integrated Observing System. 

5. Education of students and young scientists in sea ice navigation, which will be done at UNIS (Svalbard) 
in a special course "Arctic Shipping". 

After SONARC is completed, the plan is to implement the monitoring and forecasting system as a service to 
users who need information about the sea ice conditions to support marine operations. A main dissemination 
activity is to publish the project results in the referee journals. The expected impact will be improved 
methodology for sea ice monitoring and forecasting services for Arctic shipping and marine operations. 
Furthermore, it is also expected that the project will provide new knowledge about Arctic sea ice conditions, 
which is needed to plan safe and cost-effective operations in the Arctic. 
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Two versions of feature-based tracking algorithm 
developed using Histogram Oriented Gradient 
descriptors and computing efficient binary  
descriptor called ORB. It uses the advantages from 
Computer Vision world and robust against 
multiplicative speckle noise, image intensity 
variation and rotation. The prototype of «gridded» 
version of the algorithm has been developed. 

Project Summary 

The methods allow to discriminate water from sea 
ice and to detect sea ice type. It is adapted for wide 
swath ENVISAT/RADARSAT2 and Seninel-1a data and 
based on: 
• Neural Network approach 
• Bayesian approach 
• Support Vector Machine (SVM) 

Sea Ice/Water/Sea Ice Type 
Classification 

The dissemination work will focus on presenting 
results from the project to user groups and 
stakeholders, in particular shipping companies and 
offshore companies working in the Arctic. The 
expected impact will be improved methodology for 
sea ice monitoring and forecasting services for Arctic 
shipping and marine operations. Furthermore, it is 
also expected that the project will provide new 
knowledge about Arctic sea ice conditions which is 
needed to plan safe and cost-effective operations in 
the Arctic. The dissemination will target several user 
groups: 
 
(1) Shipping companies operating in the Arctic. Ships 

need to avoid sea ice at all, while others can 
operate in thin ice, depending on ice class; 
 

(2) Offshore industry involved in planning of Arctic 
drilling and exploration activities in ice covered 
areas need data on sea ice data, which is one the 
important design parameters for sea ice and 
iceberg can occur; 
 

(3) Operational weather and ocean forecasting 
centres and marine institutes delivering 
oceanographic and sea ice data products can 
benefit from SAR-based sea ice products; 
 

(4) Other stakeholders such as regulatory bodies 
(IMO, with the Polar Code), intergovernmental 
bodies (Arctic Council), risk management (DNV 
GL), Coastal authorities, and the Knowledge 
Center under Svalbard Integrated Observing 
System; 
 

(5) Education of students and young scientists in sea 
ice navigation will be done at UNIS in a special 
course "Arctic Shipping". 

Dissemination of Results 

The main objective of SONARC is to develop a sea ice 
monitoring and forecasting system to support safe 
operations and navigation in Arctic Seas. SONARC 
will exploit Synthetic Aperture Radar (SAR) data from 
satellites as a major component of this system. From 
2015 Sentinel-1 will the main provider of SAR data, 
which will be delivered every day in near realtime for 
monitoring of sea ice and other environmental 
parameters (see Fig.1). The main aims are to develop 
algorithms for: 
 
(1) sea ice classification of different ice types; 

 
(2) Sea ice/water discrimination;  

 
(3) ice drift with sufficient resolution to map 

mesoscale ice motion and deformation fields;  
 

(4) iceberg detection by combined use of SAR and 
high-resolution optical images.  

 
Furthermore, SONARC will integrate SAR data with 
AIS data (Automatic Identification System) from 
vessels operating in sea ice areas. With AIS positions 
combined with SAR images it will be possible for ship 
captains to find sailing routes through open leads or 
thin ice and avoid areas ice with ridges and other 
difficult ice situations. For planning optimal sailing 
routes in the Arctic, a navigation model will be used 
in combination with AIS and satellite-based ice data. 
Finally, the sea ice data and navigation data 
combined with ice forecasts will be demonstrated to 
an ice-going vessel during a field trial. The 
demonstration will also include use of an ice 
forecasting model developed at NERSC. The results 
of the field trial will be assessed by users and 
recommendation for future implementation of a 
monitoring and forecasting system will be made. Key 
user groups for the system will be shipping 
companies, oil and gas companies, operational met-
ocean services, coastal and ship traffic authorities, 
risk management, and environmental organizations 
working in the Arctic. 

Sea Ice Drift Retrieval 

Iceberg detection is based on maximum cross-
correlation and gradient analysis approach from SAR 
images. Optical images also used for verification 
purposes. 

Iceberg Detection 

- Multiyear Ice 

- First Year Ice Thick 

- First Year Ice Thin 

- Open Water 

- Marginal Ice Zone 

Figure 3. Example of sea ice type classification from Sentinel-1a data for 
2015/01/18 

Figure 1. The SONARC system workflow 

Science      Services      Users 

Figure 4. Example of sea ice drift product for 2013/10/29-30 from SAR. 
Kara Sea, area around the Voronina Island. 

Figure 5. Example of detected iceberg (red circles) using gradient analysis 
approach from high-resolution SAR image 

Figure 2. Example of 3-days planned data acquisition of Sentinel-1A 
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Paper	  1648	  -‐	  Session	  title:	  Cryosphere	  Posters	  
CRYO-‐196	  -‐	  Evaluation	  of	  the	  ESA	  Sea	  Ice	  CCI	  (SICCI)	  project	  sea	  ice	  concentration	  data	  set	  

Kern, Stefan (1); Bell, Louisa (1); Ivanova, Natalia (3); Beitsch, Alexander (2); Pedersen, Leif Toudal (4); 
Saldo, Roberto (5); Sandven, Stein (3) 1: University of Hamburg, Germany; 2: Max-Planck Institute for 
Meteorology, Germany; 3: Nansen Environmental and Remote Sensing Centre, Norway; 4: Danish 
Meteorological Institute, Denmark; 5: Danish Technical University, Denmark 

During phase 1 of the European Space Agency’s (ESA) climate change initiative (CCI) sea ice project (SICCI 
project) a sea ice concentration (SIC) data product was produced by employing a hybrid SIC retrieval algorithm 
comprising the Bristol and the Comiso-Bootstrap algorithm in frequency mode. SIC was computed from 
brightness temperatures (TB) measured at 19.4 GHz [18.7 GHz] and 37.0 GHz [36.5 GHz] by the space-borne 
microwave radiometer Special Sensor Microwave / Imager (SSM/I) [Advanced Microwave Scanning 
Radiometer aboard EOS (AMSR-E)] in both polar hemispheres. The product has daily temporal and 25 km x 25 
km grid resolution and is available for the period 1992-2008 (SSM/I) and 2002-2011 (AMSR-E) from, e.g., 
http://icdc.zmaw.de.  

Each data file contains a limited (to the range 0% … 100%) and an unlimited (see below) SIC, SIC retrieval 
uncertainty, SIC smearing uncertainty from the gridding process, and SIC total uncertainty. A flag layer allows 
to identify where SIC may be less reliable. The unlimited SIC contains the full range of SIC values retrieved. 
The natural variability of the measured TBs around the typical TBs at 0% and 100% SIC (the so-called tie 
points) causes SIC to spread around these two SIC values; consequently SIC can be negative or above 100%. In 
order to fully evaluate SICCI SIC this natural variability needs to be taken into account. In contrast to most other 
SIC retrieval algorithms the SICCI algorithm does not filter spurious sea ice over open water with a weather 
filter because by doing so often substantial portions of the sea ice cover along the ice edge are discarded. 

This paper focuses on the evaluation of SICCI SIC for SSM/I. SICCI SIC precision was computed as one 
standard deviation in SIC around the reference SIC 0% and 100%. For 0% reference SIC we selected open water 
areas from sea ice charts. For 100% reference SIC we identified regions of convergent sea ice conditions in high 
ice concentration areas by means of sea ice motion analysis from consecutive Synthetic Aperture Radar imagery 
during winter. Precision estimates for SIC=0% are 2.2% ± 0.3% (Arctic) and 1.9% ± 0.2% (Antarctic). Those for 
SIC=100% are 3.0% and 3.3% for Arctic and Antarctic, respectively. 

SICCI SIC was inter-compared with high-resolution optical satellite imagery obtained by LandSat during late 
winter / spring in the Eurasian Sector of the Arctic. For this purpose the surface albedo was computed. High-
resolution LandSat SIC was computed using albedo thresholds for open water, thin and thick ice, and co-located 
with the SICCI SIC. LandSat SIC was averaged over each co-located SICCI SIC grid cell. SICCI and LandSat 
SIC differ on average by -0.5% ± 3.2% when taking into account SIC under-estimation over thin sea ice. 

SICCI SIC data for the Antarctic were inter-compared with independent satellite SIC data and contemporary 
visual ship-based observations following the Antarctic Sea Ice Processes and Climate (ASPeCt) protocol. All 
SIC data sets were co-located and averaged along the ship track for days with more than 3 ASPeCt SIC 
observations. By employing statistical measures SICCI SIC ranks superior compared to SIC from Eumetsat OSI-
SAF and NASA-Team algorithms. 

Analyses of the seasonal and inter-annual variability of the SIC retrieval uncertainty were carried out separately 
for open water – defined as -15% < SIC < +15% - and sea ice: SIC > 90%. SIC retrieval uncertainties are stable 
over the entire SSM/I and also the combined SSM/I – AMSR-E periods. SIC uncertainties over sea ice follow a 
seasonal cycle which reflects the seasonally changing surface sea ice properties. Average retrieval uncertainties 
agree within 0.8% (0.3%) with the precision over open water (closed sea ice). 
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Paper	  1489	  -‐	  Session	  title:	  Cryosphere	  Posters	  
CRYO-‐203	  -‐	  New	  developments	  for	  a	  climate	  dataset	  of	  sea	  ice	  concentration,	  status	  from	  
the	  ESA	  CCI	  Sea	  Ice	  and	  EUMETSAT	  OSISAF	  projects	  

Lavergne, Thomas (1); Pedersen, Leif (2); Eastwood, Steinar (1); Farquhar, Clive (3); Heygster, Georg (4); 
Ivanova, Natalia (5); Sørensen, Atle (1); Tonboe, Rasmus (2); Sandven, Stein (5) 1: Norwegian 
Meteorological Institute, Norway; 2: Danish Meteorological Institute, Denmark; 3: GGI, United Kingdom; 4: 
University of Bremen, Germany; 5: Nansen Environmental and Remote Sensing Center, Norway 

Sea Ice Concentration is the main element of the Sea Ice Essential Climate Variable (ECV) as defined by the 
Global Climate Observing System (GCOS). Sea Ice Extent and Area are key indicators of climate change, and 
the trends in maximum and minimum sea ice coverage are regularly in focus of the climate research community, 
the media, and general public. IPCC models are evaluated against the available satellite-based climate data 
records, and re-analyses assimilate sea ice concentration datasets or use them as boundary conditions. Sea Ice 
Concentration can consistently be retrieved from the late 1970s to present from the SMMR, SSM/I, and SSMIS 
instruments, and can benefit from better spatial resolution since the early 2000s with the AMSR-E and AMSR2 
sensors. Numerous algorithms and several datasets were developed already, and with such a focus from the EO 
community, one could think the story is told for long. 

In this contribution, we present the recent outcome from R&D efforts conducted jointly by the teams engaged in 
the ESA CCI Sea Ice and EUMETSAT OSISAF projects. They include corrections for land spill-over 
contamination in coastal regions, use of atmosphere re-analysis data to correct the satellite signal, self-tuning 
algorithms, processing of ice concentration from high(er) frequency channels, more reliable uncertainties, and 
retrieval of snow depth over sea ice. These are all significant improvements upon the methods that were featured 
in past versions of the datasets released from EUMETSAT OSISAF and ESA CCI Sea Ice. Changes of 
processing methodologies and system deployment are also outlined. These algorithm and system enhancements 
will directly feed into the upcoming sea ice concentration datasets that will be released late 2016 by the two 
projects. 

Paper	  359	  -‐	  Session	  title:	  Cryosphere	  Posters	  
CRYO-‐206	  -‐	  Sea	  ice	  drift	  from	  Sentinel-‐1	  SAR	  imagery	  using	  open	  source	  feature	  tracking	  

Muckenhuber, Stefan; Korosov, Anton; Sandven, Stein Nansen Environmental and Remote Sensing Center, 
Norway 

Sea ice motion strongly influences the distribution of sea ice on different spatial and temporal scales. The 
coverage and quality of high-resolution Synthetic Aperture Radar (SAR) images has strongly improved during 
the last years, which allows to derive sea ice motion with high spatial (1 km) and temporal resolution. Such high-
resolution ice drift data are not yet provided. The approach is to exploit recent improvements in computer vision 
by using state of the art feature tracking algorithms. A computational efficient, open source feature tracking 
algorithm, called ORB, is adopted and tuned for sea ice drift retrieval from Sentinel-1 SAR images. The best 
suitable setting and parameter values have been found using four representative Sentinel-1 image pairs. A new 
quality measure for feature tracking algorithms is introduced utilising the distribution of the resulting vector 
field. The performance of the algorithm is compared with two other feature tracking algorithms (SIFT and 
SURF). Applied on a test image pair acquired over Fram Strait, the tuned ORB algorithm produces the highest 
number of vectors (6920, SIFT: 1585 and SURF: 518) while being computational most efficient (66s, SIFT: 
182s and SURF: 99s using a 2,7GHz processor with 8GB memory). For validation purpose, 350 manually drawn 
vectors have been compared with the closest calculated vectors and the resulting root mean square distance is 
609.9m (equivalent to 7.5pixel). All test image pairs show a significant better performance of the HV channel. 
On average, around 4 times more vectors have been found using HV polarisation. All software requirements 
necessary for applying the presented feature-tracking algorithm are open source to ensure a free and easy 
implementation. Comparison with a pattern matching algorithm from AWI has shown the respective advantages 
and upcoming work will include the combination of the 2 algorithms. 
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Paper	  1630	  -‐	  Session	  title:	  Cryosphere	  Posters	  
CRYO-‐209	  -‐	  Inter-‐comparison	  of	  Antarctic	  sea	  ice	  thickness	  from	  satellite	  altimetry	  

Kern, Stefan (1); Rinne, Eero (2); Schwegmann, Sandra (3); Ozsoy-Cicek, Burcu (4); Worby, Anthony (5); 
Sandven, Stein (6) 1: University of Hamburg, Germany; 2: Finnish Meteorological Institute, Finland; 3: Alfred 
Wegener Institut for Polar and Marine Research, Germany; 4: Istanbul Technical University, Turkey; 5: 
Antarctic Climate and Ecosystems Cooperative Research Centre, Australia; 6: Nansen Environmental and 
Remote Sensing Center, Norway 

One of the goals of phase 1 of the European Space Agency’s (ESA) climate change initiative (CCI) sea ice 
project (SICCI project) was to investigate the suitability of satellite altimetry for Antarctic sea ice thickness 
(SIT) retrieval. Different algorithms based on satellite laser altimetry using the Ice, Cloud, and land Elevation 
Satellite (ICESat) were inter-compared with each other and with similar satellite radar altimetry algorithms using 
observations of the Environmental Satellite (Envisat) Radar Altimeter 2 (RA2) and CryoSat-2 (CS-2). 

Sea ice thickness can be computed from altimeter freeboard observations using Archimedes’ principle. Required 
input parameters are the freeboard, snow depth and densities of water, sea ice, and snow. The employed radar 
altimeters allow to obtain the sea ice freeboard, which is the elevation of the ice-snow interface relative to the 
sea surface as long as the snow cover on the sea ice is dry and as long as the radar return at the ice-snow 
interface is strong enough. There is evidence from measurements and theoretical studies that this is often not the 
case due to the complex structure of snow on Antarctic sea ice and the finite pulse length. In contrast laser 
altimeters, such as aboard ICESat, allow to obtain the total (sea ice + snow) freeboard. Here, snow physical 
properties play a much smaller role because the main reflection of the laser pulse always occurs at the snow 
surface. Common to both, laser and radar altimetry, is the problem to find an accurate data set for the snow depth 
on sea ice for the computation of the SIT from the freeboard. 

This paper presents two aspects of SIT computed from freeboard measurements. In the first part different 
algorithms (see below) to compute SIT from ICESat freeboard data are employed, inter-compared with each 
other and with a publicly available ICESat SIT data set. The different algorithms are a) using empirical 
relationships between freeboard and thickness (no snow depth required), b) employing climatological snow 
depths, c) approximating the snow depth by a seasonally varying ice density, and d) - which is the SICCI 
algorithm for ICESat - using snow depth retrieved from Advanced Microwave Scanning Radiometer aboard 
EOS (AMSR-E). Results obtained with these algorithms will be shown and discussed. One of the results is that it 
seems mandatory to include snow depth information in order to obtain a realistic SIT distribution. 

In the second part, SICCI SIT from ICESat is compared with SIT retrieved from RA-2 and CS-2 freeboard 
observations. Both RA-2 and CS-2 freeboard estimates are found to often represent the total freeboard rather 
than the sea ice freeboard. Due to this we decided to compute SIT from RA-2 and CS-2 in two different ways. 
One assumes that these radar altimeters are indeed sensing the sea ice freeboard. The other assumes that the 
radar freeboard is equivalent to the total freeboard. Like for ICESat SICCI SIT retrieval AMSR-E snow depths 
are used to calculate SIT from the radar altimeter freeboards. Main results of this inter-comparison to be shown 
and discussed are i) if the radar freeboard is taken as a measure of the total freeboard then radar altimetry SIT 
under-estimates ICESat SICCI SIT; ii) if the radar freeboard is assumed to represent sea ice freeboard then radar 
altimetry SIT over-estimates ICESat SICCI SIT; iii) taking the radar freeboard as total freeboard (sea ice 
freeboard) agrees better with ICESat SICCI SIT during early winter (late winter / spring); and iv) RA-2 and CS-
2 SIT agree with each other within the uncertainties computed but CS-2 has a positive bias of about 0.1 m for 
April – September 2011. 

Paper	  2203	  -‐	  Session	  title:	  Cryosphere	  Posters	  
CRYO-‐210	  -‐	  Sea	  ice	  classification	  algorithm	  for	  Sentinel-‐1	  images	  

Korosov, Anton (1); Zakhvatkina, Natalia (2,3); Vesman, Anna (2,3); Mushta, Aleksandra (2); 
Muckenhuber, Stefan (1) 1: Nansen Environmental and Remote Sensing Centre (NERSC), Bergen, Norway; 2: 
Nansen International Environmental and Remote Sensing Centre (NIERSC), St. Petersburg, Russia; 3: Arctic 
and Antarctic research institute (AARI), St. Petersburg, Russia 

Nansen International Environmental and Remote Sensing Centre in Saint-Petersburg and Nansen Environmental 
and Remote Sensing Centre in Bergen for a long time have been working on development of automated sea ice 
classification methods for the synthetic aperture radar (SAR) images. These algorithms have been developed for 
ENVISAT and Radarsat-2 data. Since 2014, new satellite Sentinel-1 has started to work on the orbit. Adopted 
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classification algorithm for Sentinel-1 based on the support vector machine (SVM) technique uses the Extra 
Wide (EW) swath dual-polarization mode data, i.e. HH (horizontally transmitted and horizontally received) and 
HV (horizontally transmitted, vertically received). EW mode acquires wide SAR image of 400 x 400 km with 40 
m resolution resulting from several narrower SAR beams. The raw data in HH and HV polarizations are first 
corrected for angular dependence, thermal and random noise and smoothing the image with several filters. At the 
next step texture characteristics are computed using a Gray Level Co-occurence Matrix (GLCM). This algorithm 
has an additional step - the principal component analysis of textural features with further clustering results. The 
analysis and training of the algorithm by the sea ice expert had been carried out based on automatically obtained 
images with clusters.  For the ice/water retrieving algorithm SVM was trained on results of visual analysis of 20 
Sentinel-1 images. The next step is performing the automated sea ice types classification. Using the developed 
technique the open water area is masked, and sea ice area can be classified into several sea ice types. Training 
Sentinel-1 SAR data were collected for ice classification into categories such as open water, broken ice on the 
ice \ water edge, leads, thin first year ice, deformed first year ice and multiyear ice. Main results are: - version of 
the algorithm, which gives satisfactory results for automatic separation of ice-water was developed and tested; - 
on the obtained maps with classification results large inhomogeneities such as leads and cracks can be 
distinguished; - test version of the ice types classification algorithm was developed. Despite the general high 
accuracy of results there are still some problems with classification of the rough water areas on some images due 
to the similar average backscatter and texture as young newly formed ice. Development and testing of a new 
classification algorithm is performed in the framework of NORRUS project conducted jointly by the Russian 
Foundation for Basic Researchand the Research Council of Norway: "Development of the system of monitoring 
and forecasting of sea ice to support the safe operation and navigation in the Arctic seas". 



The Nansen Centers at the ESA Living Planet Symposium 2016   

NERSC Special report no. 93 26/05/2016 36 

 

Sea-ice classification algorithm for Sentinel-1 images
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2) Texture features calculation for HH and HV images using a Gray Level
Co-occurence Matrix (GLCM) [Haralick et al., 1973];

3) Automated pre-classification of the SAR image: application of the
principal component (PC) analysis to compress number of texture
features, and k-means cluster analysis to split PCs values into few (~5-6)
classes to obtain the automatically generated raster map;

4) Manual re-classification of the SAR image by sea-ice expert into
predefined classes taking into account the automatically generated
raster map;

5) Training of the automatic classifier (e.g SVM) for classification of arrays
with texture features based on the results of manual re-classification;

6) Application of the automatic classifier to split pixels from the entire SAR
scene into limited number of classes.

Several versions of SVM were obtained:
sea-ice edge/open water distinguish; sea
ice types and water. Training Sentinel-1
SAR data were collected for ice
classification by categories such as open
water, broken ice on the ice/water edge
(MIZ), leads, thin first-year ice, thicker
first-year ice and multiyear ice.
Main results are:
1. The version of SVM, which gives

satisfactory results for automatic
separation of ice/water was
developed and tested (Fig. 2 A);

2. The test versions of the ice-types
classification were developed (Fig. 2
B and C) with 300 m resolution.

Large inhomogeneities such as leads and
cracks can be distinguished on the
obtained classification results. Despite
the general high accuracy of the results
there are still some problems on some
images with classification of the windy
open water areas due to the similarity of
their backscatter and texture with young
newly formed ice. Fast ice also is not
distinguished yet from OW calm for the
same reason.

Synthetic aperture radar (SAR) is an active microwave sensor, which has the capability to acquire
high resolution, large spatial coverage data through clouds independently day or night. Exploring
sea-ice floes, edge, ice types identification, concentration, extents, thickness; detection of leads,
polynyas, and iceberg monitoring are the main objectives for satellite SAR missions. SAR images
classification includes sea-ice types and open water areas identification based on surface
roughness (backscattering coefficients) and other additional characteristics like image texture.
Neural network (NN)-based algorithm has been developed for operational mapping ice edge/
water in the Fram Strait utilizing the ENVISAT ASAR WSM images. NN had the SAR calculated
texture features and concentration data of AMSR and later SSM/I as its inputs. Daily ice/water
products were provided from January 2011 until April 2012 with a resolution of 525 m and have
an accuracy about 97 % compared to the high resolution manual ice charts of the Norwegian
Meteorological Institute .
Launch of the satellite RADARSAT-2 required to adapt the algorithm to new data. RADARSAT-2
SAR data have a dual-polarized mode: HH (horizontally transmitted and received) and HV
(horizontally transmitted, vertically received) channels. Dual-polarization has more advantages
for sea-ice identification and classification due to the significant variations of the signal on
different polarizations (HH and HV), that shows bright areas at HH against dark background for
HV channel. The fully automated algorithm based on the support vector machine (SVM) has
been developed for operational decoding of open water (OW) and ice boundary (Fig. 1). Size of
the full SAR images has about 10000×10000 pixels with 50 m resolution. The resulting image size
of our algorithm is about 330×310 pixels with 1600 m pixel resolution. Average total
classification accuracy for the 2013–2015 amounts 91 % [Zakhvatkina et al. (in prep.)].

Sentinel- 1A satellite launch has caused the new transformation of the algorithm for utilization
of the high resolution cross-polarized SAR imagery in our sea-ice mapping application to
implement automated processing chain. Adopted classification algorithm for Sentinel-1A based
on the SVM technique uses the Extra Wide (EW) swath dual-polarization mode data (HH + HV).
The automated ice /water classification algorithm includes several steps:
1) Raw SAR data pre-processing: EW mode acquires wide SAR image of 400 x 400 km with 40

m resolution resulting from several narrower SAR beams, that caused the visible modulation
of the image intensity in azimuth direction throughout the entire HV image. Some way to
reduce the information in the sub-swaths of HV band and their edges is needed. Backscatter
compensation at HH image is required since the signal generally decreases with incidence
angle increasing. Thus, the raw data are corrected for incidence angular dependence for HH
image; thermal noise effect is reduced for HV image; and SAR image is calibrated to obtain
sigma0 values for both channels.

Figure 2. Automated classification of Sentinel-1A images: A-1) HH-polarization, October19, 2014; A-2) SVMs OW\sea-ice classification result; B-2) SVMs
OW \ MIZ \ MYI classification result; C-2) SVMs OW\sea-ice types classification result; B-1) HH-polarization, January 18, 2015; C-1) HH-polarization,
December 18, 2015; b) SVMs OW\sea-ice classification result; A-1), B-1), C-1) collocated met.no sea-ice charts.
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Figure 1. Automated classification of RADARSAT-2 images: a) HH-polarization, November
28, 2013; b) SVMs OW/sea-ice classification result; c) HH-polarization, January 06, 2013;
d) SVMs sea-ice types classification result.
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Paper	  1951	  -‐	  Session	  title:	  Cryosphere	  Posters	  
CRYO-‐218	  -‐	  Sea	  Ice	  drift	  retrieval	  from	  SAR	  using	  Histogram	  Oriented	  Descriptors	  

Demchev, Denis (2,1); Volkov, Vladimir (1); Khmeleva, Victoria (1) 1: Nansen International Environmental 
and Remote Sensing Centre (NIERSC), St. Petersburg, Russia; 2: Arctic and Antarctic Research Institute 
(AARI), St. Petersburg, Russia 

Ice drift has a big impact on both operational needs and global climate system. Systematic monitoring of sea ice 
motion is started more than 100 years ago, but it became really operational since satellite era began. Only remote 
sensing data allow us to obtain ice drift fields over the entire Arctic and sub-seas. Due to increasing of 
navigation in ice in the Arctic region, sea ice drift retrieval is becoming one of the crucial task. But there are 
many difficulties caused by features of satellite instruments like SAR. For example a speckle noise, which take 
place in SAR imageries force to use advanced filtering technique to detect and describe ice features to track. 

Ice drift retrieval from satellite data is not a new thing but development of high resolution ice drift retrieval 
methods is ongoing. Proposed method is based on the most famous member of Computer Vision family 
algorithms - SIFT (Scale-invariant feature transform). Some improvements were made to adopt it for SAR 
images from Sentinel 1a. Now it is possible to obtain ice drift product of 1 km resolution from wide swath image 
pair (with the spatial resolution of ~100 m/pixel). The main idea is to detect a number of feature points in the 
first image and then to detect the same points in the second one. Also advanced filtering scheme was applied as 
preprocessing step. Then the feature points descriptors are constructed. We propose a more robust method for 
SIFT descriptors. The algorithm was tested on Radarsat-2, archive ASAR and Sentinel 1a images and it showed 
good robustness against rotation, gray level variance and illumination changes. The results looks promising and 
we aimed to run this algorithm in operational mode as part of the SONARC system (“Development of sea ice 
monitoring and forecasting system to support safe operations and navigation in Arctic Seas” project). 
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The first method of calculation of ice drift was a manual, it is based on manual
identification and saving of the coordinates of identical ice features on a pair of
SAR images

Automatic methods:

• Cross-correlation

• Hybrid

• Keypoints tracking

Keypoints is used for feature tracking in CV. Keypoints is a point which could be
tracked from image to image

The algorithm has to be robust against speckle noise, gray level variance and ice
floe rotation. This could be solved by keypoints detection using Scale Invariant
Feature Transform (SIFT). The modified version of SIFT is adopted for satellite
SAR data including Sentinel-1a

Flowchart

Image Filtering

Most filters implemented in algorithm are used for suppression of impulsive and
additive Gaussian noises. Filtering in image processing is a mainstay function that
is used to accomplish many things, including interpolation, noise reduction, and
resampling

• Linear – Gaussian filter (included in SIFT)

• Nonlinear – Median filter

nonlinear diffusion filter - Anisotropic diffusion 

Nonlinear filtering

Sea ice drift retrieval from SAR using 
Histograms of Oriented Gradients

D. Demchev 1,2, V. Volkov 1, V. Khmeleva 1

1) Nansen International Environmental and Remote Sensing Centre (NIERSC), St. Petersburg, Russia 
2) Arctic and Antarctic Research Institute (AARI), St. Petersburg, Russia

New image processing methods from Computer Vision (CV) are becoming actual for automatic SAR remote sensing data analysis. An algorithm is proposed
for sea ice drift retrieval from sequential satellite synthetic aperture radar (SAR) imageries. It is based on the search and comparison of keypoints. The
search process implemented by a detector which extracts distinctive invariant features of images and creates a histograms of oriented gradients (SIFT, HoG,
etc). The algorithm was developed and adapted to work with Sentinel-1 data, in test mode the ice drift was calculated for different regions of the Arctic.

Comparing pair of images, the coordinates of the
similar points is stored and matched.

Manual method

Keypoints

Descriptors

Detect keypoints
Describe each region 

around a keypoint as a 
feature vector 
(descriptor)

Compare descriptors  
by descriptor distance 

or similarity

• Image filtering

• Keypoints detection, building 
descriptors around each 
keypoints

• Nearest-Neighbour descriptor 
matching

• Quality assessment of output 
vectors

SIFT (Scale-invariant feature transform) 
to transform image data into scale-invariant coordinates relative to local features

Histograms of Oriented Gradients

Ice feature tracking algorithm is based on Anisotropic diffusion filter 

Comparison with DTU (Danish Technical University) drift product:

Descriptor – description of the local image
gradients are measured at the selected scale
in the region around each keypoint. They
describe elementary characteristics such as
the shape, the color, the texture or the motion,
among others.
Keypoints - comparatively sparse sets of
especially salient image points used for of
matching the image pairs

- create a Gaussian pyramid
- keypoint localization (local extrema in the fields
of the pyramids)
(a) frame around an interest point, oriented

according to the dominant gradient direction;
(b) an 8 bin histogram over the direction of the

gradient in a part of the grid;
(c) histograms are extracted in each grid location;
(d) the histograms are concatenated to form one
long feature vector

A keypoint descriptor is
created by first computing the
gradient magnitude and
orientation at each image
sample point in a region
around the keypoint location,
as shown on the left. These
are weighted by a Gaussian
window, indicated by the
overlaid circle

Kdjk

Living planet symposium 2016 ESA 9-13 May 2016 | Prague, Czech Republic

Nonlinear filters showed the best results for
speckle suppression and the edge
preservation.
A coefficient of diffusion is used and it depends
on local image gradient and vanishes when the
edge. At the same time to preserve the edges
and suppress the noise is the main goal. The
diffusion coefficient is depends on local image
intensity for optimal smoothing of noise. If the
average intensity around some point is low then
it is the noise area most probably and has to be
blurred

SIFT example

Аlgorithm is invariant to rotation, changing
the size of the detected objects, noises

Algorithm is used in operational mode as part of the SONARC monitoring system (“Development of sea ice monitoring and forecasting
system to support safe operations and navigation in Arctic Seas” project № 15-55-20002) at NIERSC.

Ice motion features at scale of less than 1 km
using initial data with spatial resolution of
100 m

Nonlinear filters allow to remove
the noise, but at the preserve intact
the clear manifestation of the ice
edge. It provide a algorithm
required data to construct more
keypoints

Linear filtering (included in SIFT)
smears the edges and fine features
together with the speckle noise, thus
failing to preserve image structure

Linear filtering (SIFT)

Nonlinear filtering

CRYO-218
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Paper	  1640	  -‐	  Session	  title:	  Cryosphere	  Posters	  
CRYO-‐227	  -‐	  Changes	  in	  ice	  regime,	  Atlantic	  water	  temperature	  and	  wind	  conditions	  in	  the	  
area	  surrounding	  Spitsbergen	  

Vesman, Anna (1,2); Volkov, Vladimir (1); Ivanov, Boris (2,3) 1: Nansen International Environmental and 
Remote Sensing Centre; 2: Arctic and Antarctic research institute; 3: Saint-Petersburg State University 

The area of west Spitsbergen shelf is the principal region for the Atlantic water pass and it is very dynamic area, 
which has been changing a lot in XX-XXI centuries. In this study, we analyze changes, which were happening in 
the region of West-Spitsbergen (WSC) and Coastal currents (CC) since 1950 to present time. For this analysis, 
we used water temperature data from Nordic Seas database of Arctic and Antarctic research institute. It was 
found that the temperature in the study region is exposed to quasi-periodic changes: temperature increase is 
observed with anaverage period of 11-12 years. With maximums observed in 1962, 1992, 2005-2007 and less 
pronounced in 1970’s and 1980’s. There have been found positive trends for timeserias of temperature for the 
both currents (1°C per 50 years for WSC and 2-2,5°C for CC). Whaler’s Bay polynya is situated in the area to 
the north of Spitsbergen. This is sensible heat polynya, which is formed mainly because of the West Spitsbergen 
Current that causes upwelling of warm Atlantic water on the northern shelf of archipelago. Significant changes 
are happening in the ice-cover of this region:since 2006 polynya stays open for the most time of the year. In this 
study, changes of polynya size was calculated for the different time scales: inter-annualvariability based on daily 
AMSR-E Aqua high-resolution ice-concentration data andlong-term variability based on Global sea ice 
concentration reprocessing dataset 1978-2015 (v1.2, 2015), EUMETSAT Ocean and Sea Ice Satellite 
Application Facility (Norwegian and Danish Meteorological Institutes) and AARI ice-charts. Polynya size is 
considered as open water area and was calculated as a sum of pixels on image with value of ice-concentration 
equal to 0 % for high-resolution data and from 0 to 15 % for low-resolution data. Time series of polynya size 
and AW temperature were considered together, strong correlation between AW temperature and polynya size 
was found (correlation coefficient up to 0.7). In some periods,mainly in autumn, rapid changes in area of open-
water are observed which are not connected to AW temperature. In recent studies I.Onarheim et al. (2014), 
S.Falk Petersen et al. (2014) wind speed and direction is considered as another important driver in changes of 
ice-cover. In this study NCEP reanalysis data is used for wind analysis. We use vectoral-algebraic approach to 
analyze wind conditions in the study region. Vectoral-algebraic approach is the approach for the analysis of 
vector series where a Euclidean vector is used as a model, and the vector temporal processes are described by 
small set of scalar invariant characteristics, derived from the dispersion and the spectral tensors. As a result, we 
analyze together set of received invariants and ice conditions in the region. 
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Changes in ice regime, Atlantic water temperature and wind 
conditions in the area surrounding Spitsbergen
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Introduction:
The area of west Spitsbergen shelf is the principal region for the Atlantic water pass and it is very dynamic area which has been changing a lot in XX-XXI centuries. In this study, we
analyze changes, which were happening in the region of West-Spitsbergen (WSC) and Coastal currents (CC) since 1950 to present time.

Thermohaline system:
For this analysis, we used water temperature data from Nordic Seas database of Arctic and Antarctic research institute. It was found that the temperature in the study region are
exposed to quasi-periodic changes: temperature increase is observed with an average period of 11-12 years. With maximums observed in 1962, 1992, 2005-2007 and less pronounced
in 1970’s and 1980’s. There have been found positive trends for time serias of temperature for the both currents (1.2°C per 60 years for WSC and 1.5°C for CC).

- Mean position of ice edge
- Point in WSC area

- Points on WS shelf

WSC 1 76.5 N 13.5 E
2 77.5 N 11.0 E
3 78.0 N 9.7 E
4 79.2 N 8.0 E

Spitsbergen
shelf

5 76.6 N 15.5 E
6 77.5 N 13.0 E
7 78.0 N 11.8 E
8 78.5 N 10.5 E
9 79.5 N 10.0 E
10 80.3 N 12.8 E

Sea Ice Concentration:
Whaler’s Bay polynya is situated in the area to the north of Spitsbergen. This is sensible heat polynya, which is formed mainly because of the West Spitsbergen Current that causes

upwelling of warm Atlantic water on the northern shelf of archipelago. Significant changes are happening in the ice-cover of this region: since 2006 polynya stays open for the most
time of the year. In this study, changes of polynya size was calculated for the different time scales: inter-annual variability based on daily AMSR-E Aqua high-resolution ice-
concentration data and long-term variability based on Global sea ice concentration reprocessing dataset 1978-2015 (v1.2, 2015), EUMETSAT Ocean and Sea Ice Satellite Application
Facility (Norwegian and Danish Meteorological Institutes) and AARI ice-charts. Polynya size is considered as open water area and was calculated as a sum of pixels on image with
value of ice-concentration equal to 0 % for high-resolution data and from 0 to 15 % for low-resolution data.

Two years with a different ice conditions were chosen for the analysis – 2003 and 2006. Time series of polynya size and AW temperature were considered together, strong correlation
between AW temperature and polynya size was found in some years (correlation coefficient up to 0.7). In some periods, mainly in autumn, rapid changes in area of open-water are
observed which are not connected to AW temperature. In recent studies (I.Onarheim et al. (2014), S.Falk Petersen et al. (2014)) wind speed and direction is considered as another
important driver in changes of ice-cover. In this study ERA reanalysis data is used for wind analysis.

Living Planet Symposium 2016        Prague, Czech Republic, 9-13 May 2016                                                                             CRYO-227

References: 
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Most of the 2003 year polynya remains closed
(from the mid January to the beginning of
August). Rapid retreat of the ice and growth of
polynya area is connected to higher water
temperature and also to the strong winds with
direction to the north-east, north and north-
west (from the coast line). In the middle of
September 2003 area of open water goes down
up to 0 km² despite of the high values of water
temperature (~6°C). That event is connected to
prevailing wind direction to the south (to the
coast).

Higher water temperature in 2006 keep
polynya open most part of the year, polynya is
closed only for one month in March. 2006 is
characterized with high variability in polynya
area. Main driver of the rapid changes in
polynya size is wind direction. Higher
estimations of open water area are associated
with winds from the south and lower with
winds from the north.

In 2003 water temperature values are lower
then in 2006, and variability of open water
area is also lower.

Vectorial-algebraic approach is an approach for the analysis of vector series where a Euclidean vector is used as a model, and the
vector temporal processes are described by small set of scalar invariant characteristics, derived from the dispersion and the
spectral tensors.
Vectorial-algebraic analysis allows the initial information to be significantly compressed and adequately describe the vector time-
series of full-scale and model data restricted by a set of statistical characteristics in the invariant form. This approach to the vector
processes analysis (e.g. wind, ice drift) aggregates effects of variability of the module and the direction (Volkov et. al, 2012)

Mean speed:
𝑚 
𝑣

= 2.07
ϕ =  266°
Invariants of dispersion tensor:
I₁ (variability) = λ ₁ + λ ₂
I₁ = 46.82
λ ₁ = 27.33
λ ₂ = 19.49
χ = 0.713
α = 62°

Mean speed:
𝑚 
𝑣

= 1.06

ϕ =  238°
Invariants of dispersion tensor:
I₁ (variability) = λ ₁ + λ ₂
I₁ = 55.54
λ ₁ = 29.13
λ ₂ = 26.41
χ = 0.907
α = -47°

2003 2006

2003 2006

λ ₁

λ ₂

N

α°
λ ₁

λ ₂

N

α°

Example of AMSR-E data for 2010.01.01



The Nansen Centers at the ESA Living Planet Symposium 2016   

NERSC Special report no. 93 26/05/2016 41 
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CRYO-‐238	  -‐	  The	  variability	  of	  the	  ice	  drift	  fields	  as	  an	  indicator	  of	  the	  climatic	  changes	  in	  
the	  ice	  cover	  of	  the	  Arctic	  Basin	  

Volkov, Vladimir A. (1); Mushta, Aleksandra V. (1); Demchev, Denis M. (1,2); Korjikov, Aleksandr Ja. (2); 
Sandven, Stein (3) 1: NIERSC, Russian Federation; 2: AARI, Russian Federation; 3: NERSC, Norway 

The problem of global warming and its effects (such as a reduction of the multiyear ice area) is very widely 
discussed by scientists. In the last decades the ice area reduced to the record low values. Many scientists consider 
the “greenhouse effect” as the main cause of the ice reducing. Despite the fact that the surface ocean temperature 
increased almost linearly, the ice cover in the Arctic Basin experienced significant fluctuations in the last 100 
years. Apparently the fluctuations of ice cover are influenced by atmospheric circulation, which determines the 
dynamics of air masses between the northern and southern latitudes. 

The estimation of climatic changes in the Arctic ice cover is based now only on changes of the ice area and ice 
thickness. This approach is not comprehensive enough, because the condition of ice formation and the temporal 
structure of ice cover variability are not homogeneous in different parts of the ocean. It is necessary to consider 
also the geographical location of “the hat” of sea ice in the Arctic, the configuration of the ice area, the 
relationship between areas of different aged ice, the status and configuration of the fields and areas of ridging. 

One of the main features of the Arctic ice cover large-scale structure is the ice massifs, the existence and 
variability of its shapes and sizes are determined by the complex of geographical and meteorological factors. 

Wind mode and ocean currents largely impact on the distribution of the sea ice, the formation of the zones of 
ridges, cracks and clearings, where the young ice forms. The regularities of the young ice distribution may 
contain information about surface currents in this area. Therefore, not only thermal, but also the dynamic 
processes in the ocean are reflected in the spatial structure of the ice cover. The ice movements (as asonal factor) 
change the distribution of the ice thickness and its entire meso and macrostructure. 

Water exchange and freshwater runoff can significantly affect the ice conditions. Desalination of the surface 
layer changes the physics of frost and growth of the ice and the weakening of the ice removal through the Fram 
Strait creates more favorable conditions for the multi-year ice formation. 

The main large-scale circulation elements in the Arctic are Transpolar drift and Anticyclonic circulation 
(Beaufort gyre). There are time cycles in the dynamic of these elements, but with  a predominance of different 
frequencies in the Eurasian and Amerasian parts of the Arctic Basin. The variability of atmospheric pressure and 
wind fields over the ocean leads to the formation of different types of surface water and ice circulation - with 
developed or weak Anticyclonic circulation or Transpolar drift. Asynchronous variability in the large-scale 
structures intensity may lead to the anomalies in the drift fields, where the conditions of multi-year ice formation 
may vary. 

The variability of the ice drift under the influence of the global atmospheric circulation plays an important role in 
the formation of the conditions that defines the changings of multi-year ice area and the average thickness of the 
ice in the Arctic Ocean. 

To test this concept the authors analyzed the long-term changes in the ice drift fields, basing of the satellite datas 
and the ice drift fields calculation, and attempted the evaluation of the relationships between ice drift fields 
changings and climate changings of the ice cover in the last decades. 
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The variability of the ice drift fields as an indicator of the climatic changes
in the ice cover of the Arctic Basin
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The problem of global warming and its effects (such as a reduction of the multiyear ice area) is very widely discussed by scientists. In the last decades the ice area reduced to the record low values. Despite the fact that the surface ocean temperature increased

almost linearly, the ice cover in the Arctic Basin experienced significant fluctuations in the last 100 years. The approach, which estimate climatic changes inly by ice thickness and ice area, is not comprehensive enough, because the condition of ice formation and

the temporal structure of ice cover variability are not homogeneous in different parts of the ocean. Not only thermal, but also the dynamic processes in the ocean are reflected in the structuspatial re of the ice cover. The ice movements (as asonal factor) change

the distribution of the ice thickness and its entire meso and macrostructure. The main large-scale circulation elements in the Arctic are Transpolar drift and Anticyclonic circulation (Beaufort gyre). There are time cycles in the dynamic of these elements, but with a

predominance of different frequencies in the Eurasian and Amerasian parts of the Arctic Basin. The variability of atmospheric pressure and wind fields over the ocean leads to the formation of different types of surface water and ice circulation - with developed or

weak Anticyclonic circulation or Transpolar drift. Asynchronous variability in the large-scale structures intensity may lead to the anomalies in the drift fields, where the conditions of multi-year ice formation may vary. The variability of the ice drift under the

influence of the global atmospheric circulation plays an important role in the formation of the conditions, that defines the changings of multi-year ice area and the average thickness of the ice in the Arctic Ocean.
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Variance of the basic elements of the large-scale ice drift structure in the Arctic Basin

Connection between «intensity» of BG (0-1-2)
and position of TC (№1, №2)

Position of the TC

1

2

1. 1979, 1980-1983, 1988-1994, 2001-2002

2. 1981-1983, 1985-1988, 1995-1996, 1998-

2000, 2003-2005

ТС changes its position from year to year according to synoptic conditions and ice processes. Two

main positions of the TC was identified. The first commences at region of East-Siberian sea and

goes to Fram Strait. The second forms in Kara sea and can lead through the pole to Greenland or

to Fram strait.

Position of the center of BG

2002

1999, 2000, 2004 2013

1987, 1988, 2009, 2011

1979-1986, 1989, 1990, 1998, 2001-2005, 2010

1995, 1996, 2007, 2008

There is a legitimacy in the connection between the position of Transarctic

current and intensity of the Beaufort Gyre.

Most of the time TG was in the position №2 except 1991-1995, when it went

through all AB without interference in the form of BG.

Variance of ice drift fields in the Arctic Basin
Zones with the greatest variance

(l1 > 18sm/sec)

1987

1999, 2001-2011

1987-1988, 1991-1992, 1995-1997, 1999, 2001-2004, 2008-2009

1985, 1987, 1990, 1993, 1997, 2002-2005, 2007-2010

Linear invariant I1 shows the intensity of the speed due to both direction and

magnitude. Key zone with the greatest variance are Fram strait, Svalbard region

and region near Barrow cape. These are zones of energy exchange, where intense

interaction between ocean and atmosphere occurs.

When BG and TC are well developed the largest variance appears it the Fram

region, when its week – in the Barrow cape.

– linear invariant of dispersion tensor

– oblongness of an ellipse

– big axis of dispersion ellipse

– small axis of dispersion ellipse

– stability

. 

χ
1

2
λ

λχ =

Belyshev A. P., Klevantcov O. P., Rojkov V. A., 1983; 

Volkov V. A. , Ivanov N. E. , Demchev D. M. , 2012

Approach of vectorial-algebraical method
for ice drift analysis

stability

unstability

1≤ν

m
I1=ν

1>ν
ν

1λ

1I

Vectorial-algebraical analysis allows the initial information to be

significantly compressed and adequately describe the vector time-series

of full-scale and model data restricted by a set of statistical

characteristics in the invariant form. This approach of ice drift speed

entertain aggregate effects of variability of the module and the direction.

Variance of invariant I1 (total dispersion)
in the different regions of the Arctic Basin
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Correlation coefficient of invariant I1 in different regions in the Arctic Basin

Anomalies of an ice sea area, winter season

(based on NSIDC data)

Ice area
anomalies

Invariant I1
Arctic 

basin BG TC
Fram 

Strait

Arctic basin -0,75 -0,17 -0,59 -0,7

BG -0,55 -0,19 -0,37 -0,53

TC -0,52 0,19 -0,62 -0,47

Fram Strait -0,14 -0,32 0,05 0,16

Barrow cape -0,39 -0,49 -0,12 -0,38

Strait S-FJ -0,48 0,08 -0,47 0,45

Variance of invariant χ (oblongness of an ellipse)

Arctic basin BG TC Fram Barrow S-FJ FJ-NZ

Arctic basin 1 0,825 0,821 0,825 0,106 0,79 0,69

BG 0,825 1 0,536 0,495 0,106 0,514 0,591

TC 0,821 0,536 1 0,813 -0,152 0,771 0,498

Fram 0,825 0,492 0,813 1 0,15 0,669 0,413

Barrow 0,106 0,106 -0,152 0,15 1 -0,119 -0,343

S-FJ 0,79 0,514 0,771 0,669 -0,119 1 0,444

FJ-NZ 0,69 0,591 0,498 0,413 -0,343 0,444 1

Correlation coefficient of invariant        in different regions in the Arctic Basin

Variance of invariant V (stability)

Arctic basin BG TC Fram Barrow Sp-FJL FJL-NZ

Arctic basin 1 0,703 0,45 0,092 0,465 0,704 0,607

BG 0,703 1 0,326 -0,266 0,089 0,343 0,47

TC 0,45 0,326 1 0,425 -0,32 0,416 -0,033

Fram 0,092 -0,269 0,425 1 -0,173 0,196 -0,348

Barrow 0,465 0,089 -0,32 -0,173 1 0,048 0,282

Sp-FJL 0,704 0,343 0,416 0,196 0,048 1 0,684

FJL-NZ 0,607 0,47 -0,033 -0,348 0,282 0,684 1

Correlation coefficient of invariant        in different regions in the Arctic Basin

Development of the ice conditions
in the Arctic Basin

1997

2007

2002

2013

- MYI

No BG and no TC The center of BG

is near the pole

Growth of TC Growth of BG

Ice charts ©AARII

In 1997 there wasn’t BG and TC, what leaded to the developing of the MYI

field. In 2002 year BG was forced with the centre in the pole zone and ice

conditions was very difficult for navigation. Both absence of BG and forced

BG with different features can lead to ice increase. Other situation reads

for 2007 year – intense growth of TC became the cause of minimum of the

ice area for all period of observation.

Interannual variability of the multiyear ice area (1000km2) in 
Arctic Basin in winter time 2008-2015 (November–May)

Calculated using AARII ice charts (http://www.aari.nw.ru/) 

Correlation coefficient between the ice area in the basins

1000 Km2

Eurasian Basin Amerasian Basin

0.93 0.84 0.92 0.77 -0.56 0.64 0.17

Structure of the variability of TC and BG have quasicyclic character but it have different time

structure. It define the main legitimacy of the circulation and the time of ice to stay in the zone of TC

or BG. It gave a background to research the characteristics of ice drift in the basins separately.

Amerasian subbasin subjected to high fluctuation. Seasonal variability in both basins have positive

correlation from 2008 to 2011. Last year usual high correlation changed to low.

References: The article “Connection between large-scale variability of the ice drift fields in the Arctic Basin and climatic changings of thee ice area, occuring in last decades” by

dr. V. A. Volkov, A. V. Mushta, D. M. Demchev, dr. A. Ja. Korjikov, dr. St. Sandven is submitted in russian language to the “Arctic and Antarctic problems”, May 2016 (№2).

Acknowledgements: In the frame of Ministry of Education and Science of the Russian Federation project ’SHIPS AND WAVES IN THE POLAR REGIONS’.
Agreement №14.618.21.0005 of 18.11.2015. Unique identifier of the project: RFMEFI61815X0005
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Graphic interpretation of the invariant 
characteristics of vectorial-algebraical method
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Transpolar drift current is a major ocean current in the Arctic, transporting

sea ice from the Laptev sea towards Fram Strait. The clockwise circulation of

the Beaufort Gyre is induced by the permanent anticyclonic high pressure

system over the western part of the Arctic. Ice conditions forms differently,

depending on what large-scale structure is more developed

BG – Beaufort gyre

- in color;  - mean ice speed   )0(1I

Two main structures of sea ice circulation
in the Arctic Basin

(based on Pathfinder datas)

TC – Transpolar drift current 

BG TC

2002 year was the crucial year for the ice drift characteristic’s variability.

The periods with the most intensive circulation coordinated with negative

anomalies in the Arctic Basin and Fram Strait.

(based on Ifremer datas)

The actual situation in the Arctic Basin

http://www.aari.nw.ru/ (based on Ifremer datas)

Ice chart. 05.03.2016 Winter drift 2015-2016
- MYI

Conclusions
The variability of the large-scale structure of the surface circulation

reflects the variability of the ice cover in the Arctic Basin and Arctic

Seas. Ice area seasonal variability of the subbasins have strong

correlation: positive in 2008-2011, negative in 2012-2013. The periods

with the most intensive circulation coordinated with negative

anomalies in the Arctic Basin. There is a negative correlation between

intensity of the ice drift in Fram Strait and ice area in the Arctic Basin.

Before the years with more light conditions the dispersion field become

more homogeneous.

After 2007 year (minimum of the ice area) amplitudes of ice area

anomalies grows, the tendency of anomalies changes. In recent years

there is a tendency to formation a structure with the intense of

Beaufort Gyre, and, as a result, a tendency to increase of the ice area in

the Arctic Basin.

ESA Living planet symposium 2016
09-13 May 2016 | Prague, Czech Republic
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Paper	  1897	  -‐	  Session	  title:	  Cryosphere	  Posters	  
CRYO-‐252	  -‐	  Iceberg	  detection	  and	  distribution	  in	  the	  Barents	  and	  Kara	  Seas	  using	  high	  
resolution	  optical	  and	  SAR	  images	  

Babiker, Mohamed; Sandven, Stein Nansen Environmental and Remote Sensing Center, Norway 

Iceberg detection is important because of the expected growth in ship traffic and offshore operations in the 
Arctic. Icebergs are also important for the mass flux from marine terminating glaciers to the ocean. Studies of 
iceberg detection in the Franz Josef Land region have been performed by use of optical images in combination 
with Synthetic Aperture Radar images. Alternating Polarization (AP) images (HH- and VV-pol) from ASAR, 
Terra SAR-X and RADARSAT (Scan-SAR wide and Scan-SAR narrow) images were tested against Landsat 
and Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) images for identification of 
icebergs of size between 50 and 400 m. The three types of SAR images had fairly similar capability to detect 
these icebergs, with the HH-pol from ASAR showing the most reliable results. The ScanSAR Narrow image 
failed to observe the smallest icebergs of size around 50 m. Terra SAR-X image is more capable in detection 
than the ASAR (AP) image may be due higher resolution of the Terra SAR. The HH polarization in the ASAR 
image is better than the HV polarization. The icebergs were located in fastice with relatively homogeneous 
backscatter which was favourable for iceberg detection. The studies showed that combined use of optical and 
SAR images for iceberg detection gives better results compared to previous studies where SAR and optical 
images were used separately. 

Also Analysis carried out for iceberg distributions in Barents based on remote sensing data (optical and SAR) 
near the boundaries of the outlet glaciers in Franz Josef Land. Glaciers with good coverage of high-resolution 
SAR and optical images have been selected. The average number of icebergs per unit area has been calculated 
for these regions. These estimates have been compared with the historical maps, presented in Atlas by Abramov, 
which are based on air reconnaissance data and ship observations. The changes in iceberg distribution in the 
areas under study has been assessed and analyzed. Now, data from Multispectral Instrument on Sentinel-2 will 
be a useful tool in combination with SAR data from Sentinel-1 to study icebergs in the Arctic regions. 

Paper	  1920	  -‐	  Session	  title:	  Cryosphere	  Posters	  
CRYO-‐257	  -‐	  The	  Norwegian	  Satellite	  Earth	  Observation	  Database	  for	  Marine	  and	  Polar	  
Research	  -‐	  NORMAP	  

Johannessen, Johnny A. (1); Godøy, Øystein (2); Korosov, Anton (1); Hackett, Bruce (2); Støver, Stein-
Halvar (3); Saadatnjead, Bard (2); Tøllefsen, Torunn (3); Hamre, Torill (1); Hansen, Morten (1); Breivik, 
Lars-Anders (2); Yamakawa, Asuka (1); Piollé, Jean-Francois (4) 1: NERSC, Norway; 2: MET, Norway; 3: 
KSAT, Norway; 4: Ifremer, France 

The Norwegian Satellite Earth Observation Database for Marine and Polar Research (NORMAP) has created a 
data repository for the Nordic Seas and Arctic Ocean from Earth Observation data from polar orbiting satellites 
serving research and application in marine, polar and climate sciences. The NORMAP infrastructure 
(http://normap.nersc.no/) facilitates easy and seamless access to remote sensing products for the scientific 
community who may not be expert satellite users. The development project started in 2010 and is currently 
working to secure sustainability beyond the development period that terminates in September 2016. The primary 
region of interest for NORMAP is north of 55ºN and the product portfolio is not static. Currently the system 
contains remote sensing products for sea ice parameters, surface wind information, sea surface temperature, 
absolute dynamic topography, and ocean colour. This product portfolio is continuously evolving. 

NORMAP is developing a distributed data management system that integrates physically separated data 
repositories. These data repositories are filled with existing and new products generated from satellite remote 
sensing data. To support the scientists working with remote sensing products, a Python toolbox, NANSAT, has 
been developed (https://github.com/nansencenter/nansat/wiki). In this presentation we will demonstrate the 
interactive capability offered by the NORMAP repository and NANSAT functions to read and export geospatial 
data, to set scientific meaning to the data and to implement basic operations for data integration, harmonization 
and visualization including product overlays. 
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Copernicus benefits NORMAP: the Norwegian Satellite Earth 
Observation Database for Marine and Polar Research

Anton Korosov and Johnny Johannessen, Nansen Environmental and Remote Sensing Center, Bergen, Norway
Øystein Godoy, Norwegian Meteorological Institute, Oslo, Norway

NORMAP is a 6 year project funded by the Norwegian Research Council (NRC) under the Infrastructure 
programme.
The overall goal of NORMAP is: to create and maintain a data repository, including metadata of the high 
latitude and Arctic regions based on Earth Observation data from polar orbiting satellites to facilitate and 
stimulate high quality and original multidisciplinary Earth System research, application and education in 
marine, polar and climate sciences
Implementation: We have designed and established the technical framework for the data repository and 
made available a set of selected quality controlled multidisciplinary scientific data products. That will support 
air-sea-ice process studies; ensure interoperability with existing national and international data repositories; 
advance the effective use of satellite EO data by the scientific community so less time are spent searching and 
qualifying data giving more time to scientific studies and analyses.
In the international arena, NORMAP benefits and complements the EU GMES MyOcean project, and other 
previous GMES downstream services such as AQUAMAR, MONARCH-A, SIDARUS, etc. With the launch of the 
first Sentinel-1 mission NORMAP will be reinforced by the new data flow from the Copernicus Space 
Component. NORMAP is also acquiring data from a multitude of other satellites  through the unified Copernicus 
system and will become one of the national thematic information services designed to benefit the 
environmental monitoring and support effective policy-making.

Structure of NORMAP data repository

Example of colocation of Sea Ice Concentration and Sea 
Surface Temperature Products delivered by NORMAP

List of products delivered within NORMAP to the scientific community

Inetractive viewer of NORMAP data:
example with sea ice concetration

Data is available here:

http://normap.nersc.no
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Paper	  1556	  -‐	  Session	  title:	  Oceanography	  Posters	  
OCEA-‐19	  -‐	  Correction	  of	  Sentinel-‐1A	  SAR	  data	  for	  incidence	  angle	  and	  thermal	  noise	  

Korosov, Anton; Hansen, Morten Wergeland Nansen Environmental and Remote Sensing Center, Norway 

The normalized radar backscatter (NRCS) of SAR signals strongly depends on the radar incidence angle (Figure 
1A). In cross polarization (HV and VH), the NRCS signal-to-noise-ratio (S/N) is much lower than in HH and 
VV (Figure 1B). Exact thermal noise antenna pattern is presently absent or incorrect in the Sentinel 1A data 
product. Existing software tools seems to lack the ability to  correct for the thermal noise. 

We present the Nansat software based solution to the thermal noise correction and incidence angle 
normalization. Based on analysis of many SAR scenes, mean dependences of the NRSC (HH polarization, 
Figure 2A) and of the thermal noise on the incidence angle (HV, Figure 2B) are computed. This procedure is 
automated and provided as an open source tool at github.com. The results (Figure 3A and 3B) are promising and, 
as demonstrated, the method is used in operational sea ice classification at the Nansen Center. 

Paper	  1524	  -‐	  Session	  title:	  Oceanography	  Posters	  
OCEA-‐73	  -‐	  A	  regional	  and	  Lagrangian	  characterization	  of	  GlobCurrent	  ocean	  surface	  current	  
analyses	  

Danielson, Rick (1); Korosov, Anton (1); Johannessen, Johnny (1); Raj, Roshin (1); Rio, Marie-Hélène (2); 
Collard, Fabrice (3); Chapron, Bertrand (4); Quartly, Graham (5); Piollé, Jean-François (4) 1: NERSC, Norway; 
2: ISAC-CNR, France; 3: OceanDataLab, France; 4: Ifremer, France; 5: Plymouth Marine Laboratory, United 
Kingdom 

A consensus exists that most applications of ocean surface current information (just like other oceanic and 
atmospheric state estimates) require useful measures of confidence.  One challenging aspect is to provide 
measures of confidence that are as local as possible, whether in space or in time. Regional characterizations of a 
combined geostrophic and Ekman surface current estimate at 15-m depth, as given by ESA's GlobCurrent 
analyses (2002-2014), are provided at a spatial resolution defined by about 15 regions covering the global 
oceans. The proposed regions are based on descriptions of well defined climatological surface currents and 
follow the contours of the project's mean dynamic topography.  Comparisons include relative differences in 
Lagrangian separation between actual drogued drifting buoy trajectories and trajectories following the combined 
current.  Hypotheses to explain some of the skill variations found within and between regions are further 
explored. 
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a) Drifters Sep 2012-2014 b) Group A 

c) Remainder d) Group B 

• During the first six months of the 
  simulation, the existing simulated 
  buoys continue to be advected into 
  the Lofoten Basin from upstream 
  and the flux can be considered in 
  steady state. 
 
• A residence time calculation is thus 
  made for this six months, dividing the 
  number of simulated buoys by the 
  average flux (including in and out). 
 
• This residence time confirms the altimetric eddy tracking 
  estimate of about 1% flux through the Lofoten Basin 
  compared to density within.  Also of interest is that one drifter 
  lasted almost three years. 
 
• Should the GlobCurrent-based  trajectories be "leakier“ (i.e., 
  expecting 5-10% flux or so)?  Perhaps, the eddy trapping in 
  the basin is either resolved by GlobCurrent (despite strong 
  wind-generated Ekman “purging events”, as on the second 
  last panel above), or residence time is simply a macroscopic 
  measure of the flow and current components that are not  
  included (Stokes, tidal, and inertial) have little not impact 
  (or a bit of both). 

Regional characterizations 
of the GlobCurrent ocean 
surface current analysis 

 
Rick Danielson1, Anton Korosov1, Johnny Johannessen1, Raj, 

Roshin1, Marie-Hélène Rio2, Fabrice Collard3, Bertrand Chapron4, 
Graham Quartly5, Jean-François Piollé4  

 

1Nansen Environmental and Remote Sensing Center, 
2CollecteLocalisation Satellites, 3OceanDataLab, 4Ifremer, 

 5Plymouth Marine Laboratory 

Eulerian Characterization Lagrangian Characterization 
Observations of extreme conditions, characterized by high heat 
flux, rapidly changing surface salinity, or strong ocean current, 

are rare.  Although analyses provide estimates of these 
conditions, because there are few observations to begin with, it 

is difficult to calibrate and validate an analysis using 
independent observations (cf. Stoffelen 1998).  This 

requirement of independence may not be so dire, however, if 
we acknowledge that analyses are designed to localize the 
impact of observations.  We propose that extrapolation from 

outside an impact “bubble” (in space or time) permits a better 
calibration and validation of the GlobCurrent ocean current 

analysis across an entire current speed range, including at both 
the low (0.1ms-1) and high (1ms-1) ends. 

• Four metrics of analysis calibration and performance are 
   given in the triple collocation method that we apply below, 
   following Stoffelen (1998) and McColl et al. (2014).  These 
   include an affine transformation (bias and slope), along with 
   estimates of RMSE and correlation with an idealized target 
   (or true) analysis.  These four metrics can be obtained from 
   this error model: 
 
 
 
 
 
 
 
• Drifters are taken from Sep. 2012 to Dec. 2014 and were not 
   employed in the analysis.  Extrapolation provides the other 
   two independent data values, based on data from outside a 
   typical analysis data window (cf. Rio et al. 2014).  As the 
   GlobCurrent analysis is a linear combination of the Ekman 
   and geostrophic components, extrapolations from two 
   different window lengths (6 h and 5 days) are combined: 
 
 
 
 
 
 
 
 
 
 

 
 

 
• Well over a million velocity estimates (a) are available from 
   drifters that likely retained their drogues (Rio et al. 2012). 
   Two groups of the most complete timeseries of more than 10 
   observations at 2o resolution (b,d) are taken from this set  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
• Our use of three sources of current information, but with only 
   two distinct resolutions (drifter and analysis) avoids the 
   main challenge of the triple collocation method: correlations 
   not captured by the lowest resolution information source are 
   not well known and can require iteration and fail to converge 
   (Vogelzang et al. 2011, Vogelzang and Stoffelen 2012). 
 

• As noted in the 
   context of wind 
   components 
   (Stoffelen 1998) 
   ocean current 
   components are 
   also consistent 
   with a Gaussian 
   characterization 
   of errors as given 
   by the model above 
 
• Adjacent panels 
   depict the 15-m 
   Ekman (above) 
   and geostrophic 
   (below) current 
   component 
   extrapolations 
   (ordinate) as a 
   function of the values 
   being estimated 
   (abscissa) 
 
• Extrapolation is 
   well conditioned 
   for the meridional 
   component and 
   for strong zonal 
   flow; less so for 
   weak zonal flow. 

Current Component Extrapolation 

Error Model 
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• An idealized regular distribution of 
  simulated bouys is advected 
  passively in the Norwegian Sea 
  following the combined (geostrophic 
  and Ekman) flow, shown as 
  streamlines. 
 
• Tracking of the buoys (red) that 
  pass into and out of the Lofoten 
  Basin (black line), as well as the 
  total number in the basin, is 
  monitored. 

An integrated characterization of the first three years of 
GlobCurrent‘s 15-m combined (geostrophic and Ekman) 

currents is possible by comparison with the tracking of cyclonic 
and anticyclonic eddies in the Lofoten Basin of the Norwegian 
Sea.  Raj et al. (“Quantifying mesoscale eddies in the Lofoten 
Basin”, submitted 2015) employ altimeter-derived trajectories 
of these eddies to reveal that less than 1% of the eddies that 
form upstream of the southern boundary of the Lofoten Basin 

propagate into the basin, and similarly, less than 1% of the 
eddies forming within the Lofoten Basin propagate 

downstream out of the basin. 
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Experimental Design 

 
• Best estimates of observational and analysis quality are often 
  sought, even under severe constraints of limited observational 
  diversity and coverage, which impose complementary limits 
  on accessible resolution and level of sophistication in 
  geophysical retrieval.  An accommodation of such constraints, 
  and specifically the existence of errors in all types of 
  observations, motivates our application of the triple collocation 
  method (Stoffelen 1998), which has provided robust statistical 
  estimates of quality for a number of satellite-derived 
  geophysical quantities (McColl et al. 2014).  The method 
  provides a simultaneous calibration and validation using three 
  independent datasets and seeks to avoid pseudobias when 
  the signal-to-noise ratio of the observations is small.  Its 
  application to a large number of observation-based analyses 
  is novel, as is a local application in space and time. 
 
• We find the GlobCurrent 15-m current components to be well 
  suited for experimenting with a local characterization in terms 
  of triple collocation performance metrics.  The component 
  PDFs are well behaved as is extrapolation in time from 
  outside the expected influence radius of the mainly altimetric 
  and wind analysis observations that were employed. 
 
• The tentative conclusion is that GlobCurrent weak current is 
  too strong by half.  Strong current components are too weak. 
 

• An integrated test of the passive advective properties of the 
  GlobCurrent combined current reveal good consistency with 
  observations of eddy movement through the Norwegian Sea 
  and support the idea (Raj et al. 2015) that the Lofoten Basin 
  supports a local development of many of the eddies that form 
  there. 

Conclusions 

Residence Time 

• Performance metrics are calculated for the O[105] collocations 
  of Groups A and B (separately for zonal and meridional current) 
 
 
 
 
 
 
 
 
 
 
 
• This global calibration from Group A is applied to Group B and 
  vice versa.  Performance is rechecked and RMSE is reduced. 
 
 
 
 
 
 
 
 
 
 
 
 
• The nearest 200 collocations to current speed at intervals of 
  0.1m/s are used to obtain the functional dependence of these  
  performance metrics .  A different story is revealed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• At low current speed, the slope parameter is well above one. 
   Note that most currents are low speed currents.  This also 
   little bias at all current speeds, but for all currents speed at 
   0.5m/s and greater, slope is less than one. 
 
 
 
 
 
 
 
 
 
 
 
• Note that a 
  functional 
  dependence 
  permits local 
  mapping (in space 
  and time) of these 
  four metrics.  
 

Bias Slope RMSE Corr 
No Calibration 
Grp-A U 0.003 1.456 0.054 0.891 
Grp-A V 0.001 1.486 0.059 0.827 
Grp-B U 0.004 1.308 0.052 0.907 
Grp-B V 0.001 1.327 0.057 0.850 

Identification of Collocations 
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Ekman 

In situ 
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geostrophic 

In situ 

6-hourly 
 
 
 
 

daily 

Global Calibration and Validation 

Bias Slope RMSE Corr 
Calibration independent of Current Speed 
Grp-A U -0.001 1.113 0.041 0.891 
Grp-A V -0.001 1.120 0.044 0.827 
Grp-B U 0.001 0.898 0.036 0.907 
Grp-B V 0.001 0.893 0.039 0.850 

Bias Slope RMSE Corr 
Calibration with dependence on Current Speed 
Grp-A U -0.002 0.930 0.032 0.902 
Grp-A V -0.005 0.827 0.033 0.828 
Grp-B U -0.002 0.815 0.029 0.921 
Grp-B V 0.005 0.862 0.038 0.851 
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Paper	  1851	  -‐	  Session	  title:	  Oceanography	  Posters	  
OCEA-‐91	  -‐	  Fusion	  of	  GLOBCURRENT	  and	  OCCCI	  data	  for	  prediction	  of	  ocean	  color	  at	  high	  
temporal	  resolution	  

Korosov, Anton; Hansen, Morten Wergeland; Counillon, François; Bertino, Laurent Nansen 
Environmental and Remote Sensing Center, Norway 

Optical satellite measurements provide knowledge about the interaction between physical and biological 
processes in the upper ocean. The dynamics of chlorophyll-a concentration is estimated from satellite 
multispectral data. This is controlled by phytoplankton growth and decay rates as well as the horizontal 
advection of water masses. Data from ocean color spectral imagers such as SeaWIFS, MODIS, MERIS and 
Sentinel-3 OLCI is merged into a single product by the OC CCI team and provided as daily global snapshots of 
chlorophyll-a and other water quality parameters in 4x4 km pixels [http://www.esa-oceancolour-cci.org].  
However, frequent occurrence of cloud screening is a major obstacle in using this data to study surface ocean 
processes on a day-to-day basis. For example, only about 15% of the optical satellite data is not obscured by 
clouds in the North Atlantic. This leads to a reduction in the number of surface observations to only one 
measurement every 3 days. In highly dynamic areas (e.g. Gulfstream in the North Atlantic), the limited ocean 
color data does not allow characterization of the underlying causes in changing chlorophyll-a distributions, e.g., 
growth / decay or also advection. A method for fusion of the OC CCI data and surface current data from the 
GLOBCURRENT project is proposed. This helps to provide significantly improved ocean color data coverage, 
which in turn may help to better describe the upper ocean dynamic and biological processes. 

The GLOBCURRENT project provides satellite data based ocean surface Eulerian displacement of water due to 
geostrophic, Ekman and tidal currents [http://www.globcurrent.org]. The geostrophic component of the current is 
calculated from satellite altimetry measurements, the Ekman current is calculated from scatterometry wind 
observations and the tidal component is calculated using a global tidal model. The product is publicly available 
at 10 km spatial resolution every 3 hours for the three years period from 2009 to 2011. 

It is assumed that each pixel in the OC CCI dataset represents a parcel of water that can be considered as a 
passive Lagrangian drifter with an associated accuracy. Under this assumption we take a field of an OC product 
as input data and use the GLOBCURRENT product as a forward operator. For each pixel in the region of interest 
we predict coordinates of this pixel at the next time step (i.e. 3 hours after actual observation). For calculating 
the coordinates we integrate the time and space dependent field of eastward and westward surface water 
velocities (U and V) using the Runge-Kutta 4th order scheme. In other words, we spatially distort the field of OC 
CCI chlorophyll-a using GLOBCURRENT U, V. An ensemble of realisation are produced by using the surface 
current uncertainties provided in the GLOBCURRENT product and perturbing the OC estimate using the 
provided uncertainties. This produces a probabilistic but model-free forecast of the OC fields on the next day. 

We then use flow-dependent linear quadratic estimation to optimally update the OC. This ensemble Kalman 
filter approach is employed repeatedly to produce a stochastic high-resolution dataset with improved spatial 
coverage and improved accuracy. 

Performing this operation at daily time steps, we obtain OC maps characterized by: 

• very high temporal resolution (3 hours); 
• more complete spatial coverage; 
• ability to partition horizontal advection effects from biological chlorophyll-a growth and decay 
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Paper	  919	  -‐	  Session	  title:	  Oceanography	  Posters	  
OCEA-‐111	  -‐	  16	  –	  year	  (1998-‐	  2013)	  time	  series	  of	  both	  the	  incidence	  of	  Emiliania	  huxleyi	  
outbreaks	  and	  bloom	  area	  extent	  in	  some	  North	  Atlantic,	  Subarctic	  and	  Arctic	  Seas	  

Pozdnyakov, Dmitry Victorovich (1,2); Kondrik, Dmitry Vyacheslavovich (1); Pettersson, Lasse Herbert 
(2) 1: Nansen International Environmental and Remote Sensing Centre, St. Petersburg, Russian Federation; 2: 
Nansen Environmental and Remote Sensing Centre, Bergen, Norway 

Ongoing climate change in subarctic and arctic seas is caused by a wide spectrum of   driving factors, among 
which the fluxes of CO2 in the atmosphere-ocean system are thought to be of paramount 
importance.  Meanwhile, there are only tentative quantifications of annual production of inorganic carbon in the 
World’s Oceans. Coccolithophores, especially Emiliania huxleyi microalgae, are the main producers of inorganic 
carbon in marine biosystems. 16-year (1998-2013) trends in both the incidences of E. huxleyi outbreaks and 
bloom extent dynamics in the North, Norwegian, Greenland, Barents, and Bering Seas has been obtained from 
satellite observations.  OC CCI database encompassing the concatenated observations from SeaWiFS, MERIS 
and MODIS-Aqua was employed. Original techniques of filling of cloud-related gaps, spectral-based 
identification and masking bloom areas as well as quantification of bloom areas were developed and applied. 

Analysis of the revealed seasonal and interannual variations in E. huxleyi bloom timing and spatial extent has 
shown that, first of all, there is a striking difference in respective patterns inherent in the Bering and studied 
North Atlantic –Arctic Seas. 

Unlike the North Atlantic and Arctic Seas, the Bering Sea exhibited a very irregular pattern of E. huxleyi 
blooms: between 1998 and 2001 (with exception of 1999), there were extensive blooms with maximum areas of 
up to (2-2.5)×105 km2 that were further followed by the long period (up present) of very low, nearly completely 
damped down activity of this sort. It is also noteworthy that E. huxleyi blooms occurred there not only in autumn 
but also in early spring and even summer. 

Contrarily, in the Barents Sea for instance, the blooms occur annually throughout the entire observation period 
and invariably in August – September with the areal extent varying in the range ~(1-3.5) 105 km2. The Barents 
Sea proves to be the main arena of E. huxleyi extensive blooms along the route of their propagation from south 
to north: this phenomenon is far less pronounced in the studied North Atlantic Seas, and further up, in the 
Greenland Sea where the maximum bloom areal extent is about one order of magnitude less than that in the 
Barents Sea.   With its propagation from the North Sea to the Barents Sea, the timing of blooming onset 
sequentially shifts from June-July to July August, and finally to August-September. For this group of seas, no 
stable trend was established across the observation time period. 

The observed striking difference in the patterns of the time series of E. huxleyi bloom incidence and areal extent 
in the Bering Sea on the one hand and North-Atlantic and Arctic Seas on the other hand explicitly points to 
definitely different mechanisms controlling the phenomenon in these two marine environments.  

Presently this study is further unfolding with the goal of quantitatively assess the production of inorganic carbon 
within the revealed E. huxleyi blooms as well as the associated emissions of DMS and CO2 into the atmosphere.  

Paper	  1734	  -‐	  Session	  title:	  Oceanography	  Posters	  
OCEA-‐114	  -‐	  Impacts	  of	  cyclones	  on	  phytoplankton	  growth	  in	  the	  Barents	  Sea	  as	  evidenced	  
from	  space	  during	  2003-‐2013	  

Morozov, Evgeny A. (1); Tang, DanLing (2); Kondrik, Dmitry V. (1,3); Pozdnyakov, Dmitry V. (1); 
Pettersson, Lasse H. (3) 1: Nansen International Environmental and Remote Sensing Centre, Saint-Petersburg, 
Russian Federation; 2: State Key Laboratory of Tropical Oceanography, South China Institute of Oceanology, 
Chinese Academy of Sciences, Guangzhou, China; 3: Nansen Environmental and Remote Sensing Center, 
Bergen, Norway 

A pilot satellite-based investigation of modulations exerted upon mixed-layer phytoplankton fields by cyclones 
was performed for the first time across a selected part of the Arctic Ocean, the Barents Sea (BS). Resorting to a 
synergistic approach, cyclones were first identified from NCEP/NCАR data for the summer period during 2003–
2013, and their propagation throughout the BS was further surveyed. The above-water wind force was retrieved 
from QuikSCAT data. These data were further accompanied by ocean colour data from SeaWiFS and MODIS to 
examine the spatial and temporal distributions of surficial phytoplankton chlorophyll concentration (chl) 
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dynamics along the trajectory of the cyclone’s footprint across the sea. Sea surface temperature was retrieved 
from MODIS data. The specific trajectory of cyclone passage across the BS area, depression depth, and wind 
speed proved to be conjointly the main factors determining the sign, amplitude, and duration of modulations of 
phytoplankton chl. The spaceborne data obtained over more than a decade indicate that, on balance, the cyclone 
passage led to increase in chl within the cyclone footprint area. On average, this increase did not exceed 1–2 μg l 
–1 , which is nevertheless appreciable given that the mean chl within the cyclone footprint rarely exceeded 1 μg l 
–1 . However, chl enhancement within the footprint area lasted only within the range of a few days to a fortnight, 
with the footprint area generally accounting for about 14% of the BS area. During the vegetation season (April–
August, rarely till mid-September), the number of cyclones prone to optical and infrared remote sensing was 
about 2–3. In light of the above, arguably the cyclones studied are hardly capable of boosting annual primary 
productivity in the BS. Moreover, it can be conjectured that the same conclusion can be drawn with respect to 
the pelagic Arctic tracts that are generally less productive and more extensively cloud-covered than the BS. 
However, this supposition requires further studies in order to advance our understanding of the actual role of 
cyclones in modulation of Arctic Ocean productivity and ecosystem functioning. 

Paper	  908	  -‐	  Session	  title:	  Oceanography	  Posters	  
OCEA-‐122	  -‐	  Coccolithophore	  blooms	  at	  high	  latitudes	  as	  observed	  from	  space:	  developed	  
methodologies	  and	  results	  of	  their	  application	  

Kondrik, Dmitry Vyacheslavovich (1); Pozdnyakov, Dmitry Victorovich (1,2); Pettersson, Lasse Herbert 
(2) 1: Nansen International Environmental and Remote Sensing Centre (NIERSC), Russian Federation; 2: 
Nansen Environmental and Remote Sensing Center (NERSC), Norway 

Owing to their ability of releasing inorganic carbon in the ambient aquatic habitat and emitting, along with CO2, 
dimethylsulfide (DMS) into the atmosphere, coccolithophores are subsumed under the category of ecologically 
and climatically important players. Their blooms occur in a great variety of provinces across the World’s 
Oceans, and frequently extend over vast areas. Thus, spaceborne estimations of the above impacts produced by 
coccolithophores are veritably choiceless means in this regard. To achieve this goal, a sequence of dedicated 
techniques is required to precisely restore the desired information. 

This presentation is focused on the description of our original the ocean colour image processing to the effect of 
a precise quantification of coccolithophore E. huxleyi bloom areas. 

The initial OC CCI product employed in this study is constituted by concatenated and averaged over 8 days 
SeaWiFS, MERIS, and MODIS-Aqua ocean colour images that were collected during the time period 1998-
2013. 

In the first stage of satellite data processing, all images were reprojected to a polar projection in order to obtain a 
more detailed view of the target seas. Spectral remote sensing reflectance, Rrs(l) is the basic radiometric 
parameter that was used throughout all further processing procedures and ensuing analyses. Reprojection was 
then followed by the innovative technique of gap filling necessitated by the need of cloud masking reduction. 
This was done by means of averaging of both Rrs(l) values in pixels surrounding a selected central one (i.e. each 
of the masked ones) and the respective Rrs(l) values recorded in the immediately previous and subsequent 
images. This stage of processing was then followed by converting the images into RGB images using three 
spectral channels and applying respective weighting coefficients confidently established. RGB images allowed 
to tentatively visualize both the coccolithophore bloom areas (they appear as turquoise areas) and their gradual 
displacements along the west European coast from the North Atlantic Seas to the Arctic Seas. A rigorous 
interannual periodicity in the timing of blooms onset in each of the studied seas was revealed. 

Quantification of bloom areas was performed using our original algorithm for forming binary masks.  The 
algorithm is based on the spectral specific features of Rrs(l) inherent in the optical properties of coccolithophore 
cells. The masks thus formed permitted to quantify the bloom areas with high precision, but also establish the 
dates of the bloom areas when they are largest possible. 

The application of the above processing procedures resulted in generating temporal series of dynamics in bloom 
areas location and extent for each of the seas studied. 

It is noteworthy that since 2001 to present there was a drastic drop of bloom incidence and extent in the Bering 
Sea. Interestingly, this drop was preceded by anomalously intense and extensive coccolithophore blooms in the 
period 1998-2001. This remarkable change in the interannual bloom sequence pattern obviously points to some 
significant alterations in the ensemble of bloom forcing factors/mechanisms that occurred in the early 2000s. 
Unlike the Bering Sea, the pattern of the interannual coccolithophore bloom occurrence in the Barents Sea is 
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much more regular and has a quasi-sinusoidal form. The pattern of interannual incidence of coccolithophore 
blooms in the North, Norwegian and Greenland Seas is also regular, although the bloom intensity there is 
invariably much lower than it is in the Barents Sea. 

This study is the first step to our ongoing work aiming at obtaining multi-year quantitative data on the inorganic 
carbon generation and gas emission rates within coccolithophore blooms in the aforementioned seas. 
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COCCOLITHOPHORE BLOOMS AT HIGH LATITUDES AS 
OBSERVED FROM SPACE: DEVELOPED METHODOLOGIES 

AND RESULTS OF THEIR APPLICATION 
Dmitry Kondrik(1,2), Dmitry Pozdnyakov(2,3), Lasse Pettersson(3) 

E-mail: dmitry.kondrik@niersc.spb.ru 

Figure 1. E.huxleyi cell 

Object of the study 

Figure 2. MODIS Aqua image of E. huxleyi bloom 
(14 Aug 2011) from NASA website 

Selection of the input 
merged satellite data product 

SeaBASS (581 points, 2002-2010) 

Rrs = remote sensing reflectance coefficient, Lr = water-leaving radiance, 
Ed = downwelling radiance  

𝐑𝐫𝐬 𝚯𝐫, 𝝓𝒓 = 𝑳𝒓 𝚯𝐫,𝝓𝒓
𝑬𝒅

  (sr-1), 

Product name 
Correlation with in situ data 

Cloud free area Time 
period Wavelength, nm 

412 443 490 510 555 670 

GlobColour 0,51 0,72 0,86 0,86 0,76 0,71 Satisfactory 1997-
present 

MEaSUREs 0,64 0,64 0,90 0,90 0,70 0,77 Satisfactory 2002-2010 

OC CCI 0,57 0,69 0,70 0,90 0,54 0,79 Very good 1997-2013 

GlobColour: SeaWiFS, MERIS, MODIS, VIIRS 
MEaSUREs: SeaWiFS, MERIS, MODIS (no merging) 
OC CCI: SeaWiFS, MERIS, MODIS (VIIRS, Sentinel-3) 

Satellite data processing 

Std, 10^* Std, 10^* 

Std, 10^* Std, 10^* 

Figure 4. Standard deviation (Std) of spatial and temporal Rrs averaging 

9km average 

4km average 8 days average 

Monthly average 

x8 

x30 

Spatial Std Temporal Std 

SeaWiFS GAC geographic grid projection 

Polar projection 
EASE - grid 2.0 (WGS 84) 

EPSG:3973 
Red (670nm, 0.001-0.012 sr-1) 

Green (555nm, 0.001-0.020 sr-1) 
Blue (443nm, 0.001-0.020 sr-1) 

t-1 t t+1 t (averaged) 

Rrs, sr-1 

λ,nm 

Learning spectral curvatures of Rrs within E. huxleyi bloom areas 

diatoms 

Rrs, sr-1 

λ,nm 

“clear” water 

coccolithophorids 

Rrs, sr-1 

λ,nm 

“clear” water  

coccolithophorids 
Rrs, sr-1 

λ,nm 

Steps of masking process: 
 
1. Blooms with the greatest spatial extent were chosen for each year of study 
2. For each image two points were chosen in the brightest (red lines) and darkest (blue lines) parts of the bloom 
3. Statistical parameters were obtained from the selection: the range of Rrs spectral values (green lines) and wavelengths of Rrs maxima (purple dashed lines) 
4. A bloom area identification algorithm was developed. It is based on the established range of spectral Rrs values, and 3 wavelengths of Rrs maxima (443, 490, 510 nm) 

Steps 1,2 

Step 3 

Step 4 

Masking and estimation of bloom areas 

Date 
Seas All North 

Atlantic and 
Arctic Seas 

All seas 
Barents North Greenland Norwegian Bering 

01.01.1998 0 0 0 0 0 0 0 
09.01.1998 0 0 0 0 0 0 0 
17.01.1998 0 0 0 0 0 0 0 
25.01.1998 0 0 0 0 0 0 0 
02.02.1998 0 0 0 0 0 0 0 
10.02.1998 0 0 0 0 0 0 0 
18.02.1998 0 0 0 0 24384 0 24384 
26.02.1998 0 0 0 0 63360 0 63360 
06.03.1998 0 0 0 0 81440 0 81440 
14.03.1998 0 0 0 0 95904 0 95904 
22.03.1998 0 0 0 0 126928 0 126928 
30.03.1998 0 800 0 0 130624 800 131424 
07.04.1998 64 3536 0 0 136976 3600 140576 
15.04.1998 96 2688 48 0 178624 2832 181456 
23.04.1998 0 2896 80 0 168032 2976 171008 
01.05.1998 0 656 144 0 166048 800 166848 
09.05.1998 0 1472 32 0 180240 1504 181744 
17.05.1998 64 6960 16 1184 218384 8224 226608 
25.05.1998 320 26752 256 16960 222608 44288 266896 
02.06.1998 512 59936 800 52720 165280 113968 279248 
10.06.1998 1152 76400 864 108544 165088 186960 352048 

…… 

Table 2. Example of temporal dynamics of bloom areas (km2) 

Choosing the image optimal averaging in 
space and time 

1) Arctic and Antarctic Research Institute, 
Saint-Petersburg, Russia 
2) Nansen International Environmental and Remote Sensing Center, 
Saint-Petersburg, Russia 
3) Nansen Environmental and Remote Sensing Center, 
Bergen, Norway 

Figure 3. Location of points with Rrs in situ measurements 

Table 1. Results of the comparison 

Figure 10. Schematics of bloom masking algorithm 

Figure 5. Image reprojection and formation of the RGB images 

Figure 7. Gap filling process 

Figure 6. Solution of OC CCI cloud masking problem 
(addition of SeaWiFS L2 products to OC CCI standard data) 

Figure 9. Changes in Rrs spectra at one and the same point 
during the entire vegetation season 

Figure 8. Comparison of Rrs spectral curvatures inherent in presumable 
areas with high coccolithophore concentrations and clear water areas 

Results 

Figure 11. Set of time series of bloom extent for each of the studied seas 

Figure 12. Graphs of largest bloom extension occurrences for all years 
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Paper	  1798	  -‐	  Session	  title:	  EO	  Open	  Science	  Posters	  
OPEN-‐37	  -‐	  The	  Nansen-‐Cloud:	  a	  Scientific	  Platform	  as	  a	  Service	  for	  the	  Nansen	  Group	  

Hansen, Morten Wergeland; Korosov, Anton; Olaussen, Tor; Vines, Aleksander; Hamre, Torill Nansen 
Center, Norway 

We introduce a new concept called a Scientific Platform as a Service (SPaaS) to aid the management and 
synergistic use of EO data, in particular from satellite remote sensing but also including in-situ and model data. 
The SPaaS implementation can be understood as an advanced cloud client providing the integration of scientific 
processing and analysis tools, algorithms, data stored at various locations (e.g., Sentinel collaborative ground 
segments), and various data catalogs, via an application programming interface (API). The SPaaS allows users to 
work on their local desktops, using local CPU with integration to cloud systems to analyse the EO data with their 
preferred tools. 

In this manner, the SPaaS will allow the users to focus on the scientific research without bothering where the 
data is stored or its format, nor the maintenance of the infrastructure or the software. The open-source Nansen-
Cloud will be based on mature components thus synchronizing already existing, open-source and cross platform 
working tools (e.g., postgis, opendap, vagrant, ansible, OpenShift, OpenStack, etc.). The Nansen-Cloud will 
contribute to ensure better handling of the daily stream of large amounts of satellite data and synergistic 
integration of information products from, e.g., NORMAP, NMDC and the SIOS Knowledge Centre and other 
European services. The platform will (1) advance ocean research and contribute to development of priority 
topics such as climate and environment, (2) support marine services, (3) be openly extensible and (4) be an 
excellent tool in teaching and training at global and national scales, with little or no setup overhead. 
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Nansen	Cloud	
-	A	Scien1fic	Pla4orm	as	a	Service	for	the	Nansen	Group	-	

Morten	W.	Hansen,	Anton	Korosov,	Aleksander	Vines,	Tor	Olaussen	and	Torill	Hamre	
Nansen	Environment	and	Remote	Sensing	Center	,	Thormøhlens	gate	47	N-5006	Bergen,	Norway	,			+47	55	20	58	00		

References:	[1]	Q.	Zhang,	L.	Cheng,	and	R.	Boutaba,	“Cloud	compuXng:	state-of-the-art	and	research	challenges,”	Journal	of	internet	services	and	applicaXons	,	2010.	[2]	Aleksander	Vines,	Morten	Wergeland	Hansen,	Asuka	Yamakawa,	
Tor	Olaussen,	Torill	Hamre,	and	Anton	Korosov,	“NANSAT	-	a	scienXst	friendly	Python	toolbox	for	processing	2D	satellite	EO	and	model	raster	data,”	in	Proceedings	of	BiDS’16	,	2016.		
Ackowledgment.	This	work	is	supported	by	the	Norwegian	Research	Council	through	the	NORMAP	project	under	the	infrastructure	program.	

Abstract:	We	introduce	a	concept	that	we	call	a	ScienXfic	Pladorm	
as	a	Service	(SPaaS)	to	aid	the	management	and	synergisXc	use	of	
EO	data	within	the	Nansen	Group.	We	present	a	prototype	
implementaXon	of	the	SPaaS	(the	Nansen-Cloud),	which	handles	
data	from	satellite	remote	sensing	but	also	in-situ	and	model	data.	
The	Nansen-Cloud	can	be	understood	as	a	system	providing	the	
integraXon	of	scienXfic	tools,	algorithms,	data	stored	at	various	
locaXons,	and	various	data	catalogs,	via	an	applicaXon	
programming	interface	(API).	This	should	allow	users	to	work	on	
their	local	desktops,	using	local	CPU	with	integraXon	to	cloud	
systems	to	analyze	the	EO	data.	In	this	manner,	the	SPaaS	helps	
users	to	focus	on	the	scienXfic	research	without	bothering	where	
the	data	is	stored	or	its	format,	nor	the	maintenance	of	the	
infrastructure	or	the	sokware.	
	
Logical	design.	The	SPaaS	concept	is	inspired	by	standard	cloud	
compuXng	service	models,	i.e.,	Infrastructure	as	a	Service	(IaaS),	
Pladorm	as	a	Service	(PaaS),	and	Sokware	as	a	Service	(SaaS)	[1].	
It	integrates	exisXng	tools	and	data	repositories	into	a	distributed	
system,	by	providing	the	necessary	“glue”	to	make	them	
interoperable	and	inter-connected.	The	sokware	layers	
supporXng	this	interoperability	are	implemented	as	modular	open	
source	components,	allowing	the	whole	system	to	be	open,	
extensible	and	scalable.	The	design	objecXves	are	accomplished	
by	integraXng	already	developed	tools	with	an	applicaXon	
program	interface	(API)	to	allow	easy	access	to	the	data	in		a	
single	pladorm.		

Architectural	design	and	soEware	components	
Local	host	 Virtual	machine	 Cloud	services	

SoEware	repositories	(use	and	development)	
GitHub	
•  py-thesaurus-interface	
•  nansat	
•  nansen-cloud	
	
SoEware	repositories	(use)	
ApXtude	
•  Ubuntu	Linux	
PyPI	–	the	Python	Package	Index	
•  Python/Django	
Anaconda	
•  OSGEO	GDAL/OGR	
•  PostGIS	
•  SpaXalite	
	
Remote	Data	Repositories	
•  NORMAP	
•  NMDC	
•  Copernicus	Marine	Services	
•  NOAA	NaXonal	Data	Buoy	Center	
•  and	potenXally	others…	

Required	soEware:	
•  Vagrant	
•  Ansible	
•  VirtualBox	

>	git	clone	hpps://github.com/nansencenter/nersc-vagrant	
>	vagrant	up	
>	vagrant	ssh	
Last	login:	Fri	Mar		4	15:38:12	2016	from	10.0.2.2	
vagrant@vagrant-ubuntu-trusty-64:~$	

Local	version	control	in	personal	environment	
	

Tools	installaXon	

A	virtual	machine	running	Ubuntu	Linux	is	deployed	on	
the	host.	Vagrant	(hpps://www.vagrantup.com/)	is	used	
as	the	orchestrator	-	a	manager	which	helps	to	create,	
provision	and	run	virtual	machines.	Provisioning	of	the	
virtual	machine	is	performed	using	the	Ansible	
provisioning	tool	(hpp://www.ansible.com/).	Ansible	
automaXcally	installs	and	configures	sokware	and	data	
access	on	the	VM.	The	system	is	pladorm	independent	
and,	once	set	up,	can	be	changed	and	redistributed	
easily.	Through	the	use	of	virtualizaXon,	the	host	
operaXng	system	(OS)	is	untouched	and	the	virtual	OS	is	
integrated	to	allow	the	use	of	any	development	
environment.	The	guest	OS	provides	the	SSH-,	HTTP-,	and	
X-protocols	to	communicate	with	the	host.	

Use	case	

#	Fetch	ice	concentraXon	dataset	
ic	=	Dataset.objects.get(	parameter__standard_name	=	

	‘sea_ice_fracXon’,	Xme_coverage_start=…)	
#	Find	collocated	sea	surface	temperature	
sst	=	Dataset.objects.get(	

	parameter__standard_name	=	‘sea_surface_temperatue’,	
	geographic_locaXon__geometry__intersects	=	
	ic.geographic_locaXon.geometry,	
	Xme_coverage_start__ge	=	
	 	ic.Xme_coverage_start,	…)	

#	Find	collocated	surface	geostrophic	current	field	
sgc	=	Dataset.objects.get(	parameter__standard_name	=	

	‘surface_geostrophic_eastward_sea_water_vel
ocity’,	…)	
	
#	Get	nansat	[2]	objects	for	further	analysis	and	visualizaXon	
nic	=	ic.nansat();	nsst	=	sst.get_nansat();	nsgc	=	sgc.nansat()	

	An	example	illustraXon	of	
collocated	sea	surface	
temperature,	sea	ice	
concentraXon,	sea	surface	
geostrophic	current	on	1	July	
2013	from	NORMAP.	
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Paper	  2613	  -‐	  Session	  title:	  Methods	  &	  Products	  Posters	  
METH-‐10	  -‐	  E-‐GEM	  -‐	  European	  GNSS-‐R	  Environmental	  Monitoring	  

Catarino, Nuno (1); Bandeiras, Jorge (1); Peres, Tiago (1); Silva, Pedro (1); Camps, Adriano (2); Carreño, Hugo 
(2); Cardellach, Estel (3); Chapron, Bertrand (4); Johannessen, Johnny (5); Danielson, Rick (5); Guerriero, 
Leila (6); Pierdicca, Nazzareno (7); Sánchez, Nilda (8); Storvold, Rune (9); Wickert, Jens (10) 1: DEIMOS 
Engenharia S.A., Portugal; 2: Universitat Politècnica de Catalunya, Spain; 3: IInstitut d'Estudis Espacials de 
Catalunya, Spain; 4: Institut Français de Recherche pour l'Exploitation de la Mer, France; 5: NERSC, Norway; 
6: Università Degli Studi di Roma Tor Vergata, Italy; 7: Università Degli Studi di Roma La Sapienza, Italy; 8: 
Universidad de Salamanca, Spain; 9: Northern Research Institute Tromsø AS, Norway; 10: Helmholtz-Zentrum 
Potsdam Deutsches GeoForschungsZentrum, Germany 

Earth Monitoring with GNSS signals is a promissing novel area for Earth Observations systems. It has recently 
received much attention, mainly due to the increasing number of GNSS constellations foreseen. The increasing 
number of sources, together with the low level of requirements (power, size, budget, etc.) and possibility of 
using COTS hardware, makes these systems potentially very attractive for future space missions, making this a 
very attractive complementary technology to traditional active radar systems. Since the use of reflected GNSS 
signals was proposed in 1993, the number of research activity and scientific publications has been steadily 
increasing, especially in recent years, where the attention devoted to GNSS-R has increased exponentially. 
Recently, NASA has approved the first operational use of GNSS-R from space, the eight-satellite CYGNSS 
constellation. 

The European GNSS-R Earth Monitoring project (E-GEM, www.e-gem.eu), started in 2104, is an FP7 funded 
project, which joins many of the European experts in the field of GNSS-R. It involves ten of the top European 
institutions in this field, and is currently the largest single project ongoing in Europe dedicated to GNSS-R. The 
goal of this project is quite ambitions, covering both instrument development and development of algorithms for 
a number of applications. An overview of the project's accomplishments so far is presented, together with 
discussion of planned activities on instrument development, data analysis and supporting studies. 

The project comprises three distinct instruments, following distinct priorities and approaches: 1) a satellite-borne 
instrument with launch set for 2016, which carries the payload instrument PYCARO aboard the 3Cat-2 satellite. 
Thjis instrument was was recently tested in the BEXUS stratospheric balloon campaign, sponsored by ESA 
Educational Office. During this flight the first ever multi-constellation (GPS, GLONASS and Galileo), dual-
band (L1 and L2), and dual-polarization (LHCP and RHCP) reflected signals were collected, showing a good 
performance of the instrument; 2) an airborne instrument using Cryowing MKII platform. The development of 
the SPIR-UAV payload has now been completed, with all the electronics and raw measurements interfaces, 
enabling the acquisition of extensive amounts of raw data, able to test different techniques, from conventional or 
interferometric. The flight campaign will be held in Svalbard, Norway and will overfly Ocean, Sea-Ice, Glaciers 
and Land in the Spring of 2016; 3) the ground-based instrument SARGO first batch of development culminated 
with in-situ tests by the Tagus river (Lisbon, PT), which derived vertical distance to the water with Galileo E1 
and E5a signals. This instrument is now deployed on a long term basis on the Tagus river, providing valuable 
data on water surface monitoring, side by side with concurrent measurements for validation purposes. 

On the algorithms, applications and data processing side, the E-GEM project focuses mainly wave height and 
surface winds, but also monitoring of ice layers, soil moisture, and biomass. Several studies from the project 
members have been devoted to the development of new processing methodologies, mitigation of interferences, 
error analysis, instrument simulation, studies of the impact of integration of GNSS-R data in operational Earth 
monitoring systems, such as assimilation in oceanographic and weather models. The application areas for these 
studies cover not only high precision SSH, SWH and surface winds retrieval, but also soil moisture 
studies, biomass retrieval and other fields. The development and consolidation of algorithms for the 
interpretation of GNSS-R signals is also a central piece work performed, representing a significant contribution 
for the operationalisation of GNSS-R as remote sensing technique in areas targeted by E-GEM and to the 
processing of the data to be generated by the three instruments. 
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METH-‐16	  -‐	  Sentinel	  Convoy:	  Synergetic	  Earth	  Observation	  with	  Satellites	  Flying	  in	  
Formation	  with	  European	  Operational	  Missions	  

Regan, Amanda Suzanne (1); SIlvestrin, Pierluigi SIlvestrin (2); Fernandez, Diego Fernandez (3); Johannessen, 
Johnny (4); Rott, Helmut (5); Nagler, Thomas (5); Stoffelen, Ad (6); Remedios, John (7); Humpage, Neil (7); 
Baltzer, Heiko (7); Wooster, Martin (8); Dedieu, Gerard (9); Atkinson, Karl (10); Leveque, Nicolas (10); 
Brooker, Laure (11); Bird, Rachel (12) 1: Earth Observation Future Missions, European Space Agency; 2: Head 
of Earth Observation Future Missions, European Space Agency; 3: EO Science, Coordination and Planning 
Office, European Space Agency; 4: NERSC, Norway; 5: ENVEO IT GmbH, Austria; 6: KNMI, The Netherlands; 
7: Earth Observation Science, Department of Physics and Astronomy, University of Leicester, UK; 8: Kings 
College London, London; 9: CESBIO, France; 10: AirBus Defence and Space, UK; 11: AirBus Defence and 
Space, France; 12: Surry Satellite Technology Ltd, UK 

The successful launch of Sentinel-1A and Sentinel-2A signified the beginning of the dedicated space segment 
for the Copernicus Programme, the result of the partnership between the European Commission (EC) and the 
European Space Agency (ESA). Sentinel-1A and Sentinel-2A are the first of a long-term operational series of 
Earth Observation (EO) satellites to be launched by Europe that will complement the already well-established 
series of meteorological missions. 

For the first time, these missions will provide a continuous and longterm European capability for systematic 
observations of the Earth surface, its oceans and atmosphere to unprecedented accuracies, resolutions, and 
temporal coverage. If additional cost-effective missions could be flown together with these operational missions 
(including operational meteorological satellite series such as MetOp (Second Generation - SG) then the 
possibilities for meeting new Earth science and application objectives could be far-reaching e.g. fulfilling 
observational gaps, synergistic measurements of Earth system processes, etc. To explore this potential, the ESA 
initiated three exploratory paper studies (known as the EO-Convoy studies). The aim of these studies is two fold: 
Firstly, to identify scientific and operational objectives and needs that would benefit from additional in-orbit 
support. Secondly, to identify and develop a number of cost-effective mission concepts that would meet these 
objectives and needs. Each EO Convoy study is dedicated to a specific theme, namely: Study 1 - Ocean and Ice 
Applications, Study 2 - Land Applications and Study 3 - Atmospheric Applications. 

This paper will present the results of the EO-Convoy studies including an overview of the user needs and derived 
convoy concept descriptions. This paper shall focus on the resulting science benefits. Example convoy concepts 
to be presented include a passive C-band SAR flying with Sentinel-1 and possible free flying thermal infrared 
payloads flying with Sentinel-2, Sentinel-3 and Landsat-8. 

Paper	  2174	  -‐	  Session	  title:	  Methods	  &	  Products	  Posters	  
METH-‐33	  -‐	  Performance	  assessment	  for	  the	  high	  resolution	  and	  wide	  swath	  (HRWS)	  post-‐
Sentinel-‐1	  SAR	  system	  

Zonno, Mariantonietta (1); Sanjuan-Ferrer, Maria J. (1); Lopez-Dekker, Paco (1); Hanssen, Ramon (2); van 
Leijen, Freek (2); Skriver, Henning (3); Danielson, Rick (4); Nagler, Thomas (5); Pedersen, Leif T. (6); Lang, 
Oliver (7); Gabriele, Antonio (8); Ludwig, Michael (8); Lecuyot, Arnaud (8) 1: Deutschen Zentrums für Luft- 
und Raumfahrt (DLR), Germany; 2: TU Delft, Department of Geoscience and Remote Sensing, Delft, The 
Netherlands; 3: Technical University of Denmark, National Space Institute, Kongens Lyngby, Denmark; 4: 
Nansen Environmental and Remote Sensing Center, Bergen, Norway; 5: ENVEO IT GmbH, Innsbruck, Austria; 
6: Danish Meteorological Institute, Copenhagen, Denmark; 7: Airbus DS – Astrium Services GEO Information, 
Immenstaad, Germany; 8: ESA-ESTEC, Noordwijk, The Netherlands 

The next generation, post-Sentinel-1, ESA’s C-band synthetic aperture radar (SAR) system is conceived to 
provide simultaneously high azimuth resolution and wide swath width (HRWS). 

There are different ways in which the imaging capabilities of the HRWS SAR system can be exploited, which 
translate to different operation modes. The more attractive are the wide swath modes, operating in ScanSAR, 
with 400 km swath width and a resolution of 5m x 5m for single/dual-polarization and, maybe even more 
noteworthy, the fully-polarimetric 280 km swath width at 5m x 5m single-look resolution. These modes 
represent a factor four improvement in terms of azimuth resolution with respect to Sentinel-1. Considering also 
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the extended swath or the quad-pol capabilities, the information rate will increase by close to and order of 
magnitude. 

Indeed, wide unambiguous swath coverage and high azimuth resolution pose contradicting requirements on the 
design of spaceborne SAR systems. Nevertheless, recent studies have shown that by applying Digital Beam 
Forming (DBF) techniques, such as Scan-on-Receive (SCORE), and Multiple Azimuth Phase centers (MAPS), it 
becomes possible to overcome these fundamental limitations of conventional SAR systems. The use of MAPS in 
azimuth enables the decoupling of the high azimuth resolution and wide-swath SAR coverage. It employs a 
multichannel receiver in combination with mutually displaced multiple aperture elements and the azimuth 
resolution results determined by the length of the individual sub-aperture elements. At the same time, employing 
multiple channels in elevation, according to the SCORE technique, allows to collect radar echoes from a wide 
image swath despite using a receiver aperture with large vertical extension. The trade-off between antenna gain 
and swath width can thus be relaxed. 

In this framework, DLR has reviewed the capabilities of the HRWS SAR system in light of the associated 
requirements provided by ESA and of the science requirements associated to operational GMES applications. 
Indeed, many and potentially new applications can benefit from the HRWS SAR operational modes. 

Moreover, a HRWS application performance toolkit has been designed and implemented to compare product-
level performance for different operating modes and mission scenarios. 

The established applications defined within the GMES services and selected for the HRWS performance study 
are: 

• Deformation monitoring 
• Regional land cover 
• Ocean applications (wind and currents retrieval and oil spill monitoring) 
• Land ice (wet snow mapping and ice drift) 
• Sea ice (iceberg detection and ice motion) 
• Iceberg detection 
• Security (vessel detection) 

Thus, the resulting HRWS toolkit includes for every application analytical expressions or numerical models and, 
if these are not available, real SAR images as well as numerical algorithms and some explicit simulations of the 
data and of the inversion process are employed. The tool uses as input the HRWS SAR instrument performance 
for the different applicable modes and produces as output results comparable with the existing C-band SAR 
missions. 

Due to its wider swath, high resolution and multipolarimetric capabilities, the performance for the HRWS SAR 
system show a substantial improvement when compared to those of Sentinel-1A, for most of the applications and 
operational scenarios. 

In the final paper a short description of the employed product-level performance models together with the main 
results will be provided. Furthermore, an analysis based on the different applications performance and on their 
relative relevance will give a single operational mode for the best compromise. 
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METH-‐93	  -‐	  Fusion	  of	  Sentinel2/MSI	  and	  Sentinel3/OLCI	  data	  using	  neural	  networks	  

Korosov, Anton Nansen Environmental and Remote Sensing Center, Norway 

Multisensor image fusion is the process of combining relevant information from two or more satellite images 
into a single image. In remote sensing applications, the increasing availability of space borne sensors gives a 
motivation for different image fusion algorithms. Several situations in image processing require high spatial and 
high spectral resolution in a single image. Most of the available equipment is not capable of providing such data 
convincingly. Image fusion techniques allow the integration of different information sources. The fused image 
can have complementary spatial and spectral resolution characteristics. However, the standard image fusion 
techniques can distort the spectral information of the multispectral data while merging. Many methods exist to 
perform image fusion. The very basic one is the high pass filtering technique. Later techniques are based on 
Discrete Wavelet Transform, uniform rational filter bank, and Laplacian pyramid and neural networks. 

We suggest a method for fusion of data from MSI/Sentinel2 and OLCI/Sentinel3. In the visible range MSI 
measures radiance with 10 m resolution at 490, 560 and 665 nm; with 20 m resolution at 705 nm; and with 60 m 
resolution at 443 nm. In the visible range OLCI measures with 300 m spatial resolution at 400, 412, 443, 490, 
510, 560, 620, 665, 673, 681, 708 nm. The data from the visible from both sensors is fused to get products with 
values of remote sensing reflectance wavelengths of OLCI and with spatial resolution of 20 m using the Neural 
Network. 

The results of the fusion are utilized in the multi-spectral MCC and feature tracking algorithms to identify weak 
ocean currents as well as for retrieval of water quality parameters including chlorophyll-a, suspended mineral 
matter and dissolved organic carbon in coastal Case-II waters. 
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ATMO-‐171	  -‐	  The	  Gap	  Analysis	  for	  Integrated	  Atmospheric	  ECV	  CLImate	  Monitoring	  (GAIA-‐
CLIM)	  project	  

de Leeuw, Gerrit (1); Thorne, Peter (2); Mikalsen, Anna Christina (3); Madonna, Fabio (4); Kreher, Karin (5); 
Lambert, Jean-Christopher (6); Bell, William (7); Schulz, Joerg (8); De Maziere, Martine (6) 1: Finnish 
Meteorological Institute, Finland; 2: National University of Ireland Maynooth, Ireland; 3: Nansen 
Environmental and Remote Sensing Center, Norway; 4: CNR-IMAA, Tito Scalo, Italy; 5: BK Scientific, 
Germany; 6: Belgisch Instituut voor Ruimte-Aeronomie, Belgium; 7: Met Office Hadley Center for Climate 
Change, United Kingdom; 8: EUMETSAT, Germany 

The aim of the Gap Analysis for Integrated Atmospheric ECV CLImate Monitoring (GAIA-CLIM) project is to 
improve our ability to use ground-based and sub-orbital observations to characterise satellite observations for a 
number of atmospheric Essential Climate Variables (ECVs). The key outcomes will be a “Virtual Observatory” 
facility of co-locations and their uncertainties and a report on gaps in capabilities or understanding. 

This presentation will provide an overview of project objectives that include mapping capabilities, improving 
non-satellite measurement characterization, accounting for measurement mismatches and the use of data 
assimilation. Some initial results and outcomes shall be highlighted to give a flavour of what may be expected in 
the future. If successful, GAIA-CLIM is foreseen as contributing to the forthcoming Copernicus services. 
Suggested interactions with ESA, and especially with the CCI projects, are very welcome. 
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LAND-‐408	  -‐	  EO4OG:	  Earth	  Observation	  Capabilities	  and	  Gaps	  for	  the	  Offshore	  Oil	  and	  Gas	  
Sector	  

Puestow, Thomas (1); Coat, Maureen (2); Lucas, Marc (2); Danielson, Rick (3); Partington, Kim (4) 1: C-
CORE, Canada; 2: CLS, France; 3: Nansen Environmental and Remote Sensing Center, Norway; 4: Geocento, 
UK 

The European Space Agency’s Earth Observation for Oil & Gas (EO4OG) initiative aimed at providing a base 
for the future development of earth observation (EO) guidelines for the on-shore and offshore oil and gas (O&G) 
sector. Comprising the offshore element of EO4OG, it was the objective of this study was to analyze the 
capabilities of EO technologies for offshore oil and gas operations, highlight capability gaps and identify 
opportunities to close these gaps and foster a more widespread use of EO within the O&G industry. 

Following the comprehensive identification of geo-information requirements of offshore oil and gas operations, 
a framework for relevant EO-based product categories and service scenarios was established. This formed the 
basis for a detailed analysis of EO capabilities available to address different user needs and the comparison with 
actual use of EO within the O&G industry. Capability and utilization gaps were further characterized by carrying 
out an analysis of strengths, weaknesses, opportunities and threats (SWOT) at the level of product categories. 
This was followed by identifying R&D priorities and recommended actions to close gaps in EO capability and 
utilization.  

Approximately 57% of the EO-based products identified in this study are considered important by O&G 
stakeholders. These products are being used within the industry in accordance with their respective levels of 
technical maturity. Significant capability gaps of EO-derived information remain in the areas of wave and 
surface current retrieval, the assessment of local weather phenomena, the distribution and abundance of seabirds 
and marine mammals and the interaction between gas flares and seabirds. Several factors have been identified to 
play a role in the under-utilization of mature EO capacities in the O&G industry, including varied levels of EO 
expertise in user organizations, ineffective communication of EO capabilities to key decision-makers 
competition with non-EO approaches and limitation in current EO capabilities. 

It is recommended to continue the dialogue between O&G and EO communities, build awareness of EO capacity 
within O&G industry and work towards the industry-wide adoption of best practices regarding the use of EO 
technologies. The policy free and open access to comprehensive, global EO data coverage provided by the 
Sentinel missions constitutes a significant opportunity for the oil and gas sector to use EO to the fullest of its 
capabilities. A preliminary roadmap for the further development of EO within the offshore oil and gas sector was 
formulated comprising the establishment of an industry-led task force, the execution of pilot studies, the 
engagement of O&G stakeholders through outreach and awareness building, and the continued alignment with 
existing and emerging practices within the O&G sector. 

 


