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Executive Summary

The main objective of WP7 is to develop a dedicated remote sensing strategy for SIOS, covering both
satellite observations and near-surface activities, such as air-borne, balloon- and rocket-borne
observations. The Remote Sensing strategy will feed into all the other platforms and the Knowledge
Centre, and will be a major new asset made available through SIOS. It will enable the SIOS
infrastructure and, in a more general sense, Svalbard to gain a leading role in providing quality
controlled remote sensing data for polar research, climate research and ultimately in earth system
science.
This report describes the most important satellite data that are relevant for research and monitoring of
land, sea, cryosphere and atmosphere/space in the Arctic. Possible application areas for existing and
new Earth observation satellite measurements of these compartments, and for geodetic applications for
development of Earth System science in SIOS area reviewed. Furthermore, major planned research
campaigns in the Svalbard area which will benefit from Earth observation data (together with WP C) as
well as satellite data archives and archives of in-situ data in the Svalbard area are identified.
Satellite observations are essential in atmospheric research for development of meteorology, studies of
atmospheric chemistry, aerosols and climate in general. In ocean sciences, satellites provide data on
ocean surface processes, ocean sea level and circulation, ocean temperature, salinity, ocean primary
productivity and a number of sea ice parameters and processes. In studies of the terrestrial cryosphere
satellite data are used to observe many landice properties, including snow cover, surface albedo and
radiation. Permafrost can benefit from satellite data as new sensors and processing techniques are
available. Many aspects of the terrestrial biosphere as well as local air pollution and other impacts of
human activities can benefit from satellite data. Geodesy and space research including ground based
measurements provide fundamental data in several geoscience disciplines.
The report describes the most common application of satellite data for research in SIOS, as defined in
the Gap Analysis Synthesis Report where 11 Key Research Topic are described. The report provides a
number of recommendations for SIOS to support development and validation of remote sensing data for
research in the Arctic. The overarching role of SIOS will be to provide terrestrial, atmospheric, ocean
and sea ice data from various in situ platforms to fill gaps in the Arctic observing system that satellite
data cannot provide. Furthermore, the in situ platforms established under SIOS will provide important
validation data for the satellite retrievals. The location and infrastructure of Svalbard will provide
unique opportunities to carry out Earth system science in polar regions.
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The main objective of WP7 is to develop a dedicated remote sensing strategy for SIOS, covering
both satellite observations and near-surface activities, such as air-borne, balloon- and rocket-borne
observations. The Remote Sensing strategy will feed into all the other platforms and the Knowledge
Centre, and will be a major new asset made available through SIOS. It will enable the SIOS
infrastructure and, in a more general sense, Svalbard to gain a leading role in providing quality
controlled remote sensing data for polar research. With a coordinated and tailored data management
facility for a wide range of remote sensing data, SIOS will be ideally suited to validate and promote
use of satellite and other remote sensing products over land, sea, cryosphere and atmosphere/space
for research and monitoring in the Arctic.
Specifically, WP 7 aims at:
- Providing a comprehensive overview of polar satellite activities with relevance for Arctic Earth
System science in the coming decade;
- Assessing validation capabilities to be provided by the future SIOS research infrastructure;
- Establishing contacts with all relevant space organizations and global remote sensing initiatives in
order to build up long-term cooperation;
- Designing a comprehensive near-surface remote-sensing element for SIOS based on balloon, UAV
and rocket platforms.

2.2

Background

More than 150 EO satellites from different space agencies will acquire data over Svalbard from 2009
until 2020, providing unprecedented new data for polar research. Use of remote sensing data is wellestablished in meteorology, cryosphere and ocean research, and many terrestrial sciences in the
northern areas. Only satellites can provide systematic, spatial and temporal data coverage in the
polar regions, but there is significant lack of ground-based validation data, which are needed to
develop appropriate retrieval algorithms and for quality control of geophysical data derived from the
remote sensing data. Almost all orbits of polar orbiting satellites pass over or at a short distance from
Svalbard. This has allowed Svalbard to become the largest downlink site for polar orbiting Earth
observing satellites. For scientific and monitoring communities these facts have a threefold positive
effect: (a) the Svalbard region is excellently covered by satellite measurements, (b) research
infrastructure in Svalbard offers a unique possibility for performing ground-based validation of
satellite data for multidisciplinary polar research, (c) the use of satellite data has no negative impact
on the environment, complementing the limited number of field stations in protected areas.
As a result of the GEOSS/GMES initiative regarding a free and open satellite data policy for
medium-resolution EO satellites (10-50 m), such satellite data will be freely available in the
foreseeable future. In addition, many European, American and Asian satellites with higher resolution
that can be of interest to SIOS are planned. Specific working agreements with some prioritized
satellite owners regarding access to satellite data of special interest for the research fields covered by
SIOS should be considered within an acceptable budget. Besides measurements from satellites,
measurements from mobile platforms near the surface are of great importance for studies in remote
areas with very limited infrastructure. Unmanned aerial vehicles, balloons, and research rockets add
a flexible time and space coverage dimension that cannot be provided by satellites on fixed orbits.
The work in WP 7 is coordinated by the Norwegian Space Centre, which is both involved in
international Earth Observation cooperation networks and in national mechanisms to translate
strategies into practical activities.
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Research key topics

The main goal of the “Svalbard Integrated Arctic Earth Observing System” (SIOS) is to establish a
comprehensive observation system that covers all elements that are relevant to the strongly coupled
Arctic System, including geophysical, chemical and biological/ecosystem processes. Earth
Observation (EO data) from polar orbiting satellites will play an increasingly important role in such
observing system since the amount of data collected increases every year and longer time series of
consistent data sets are established. In SIOS remote sensing data (both from satellites and air/balloon-/rocket-borne platforms) will be an important part of a comprehensive Arctic System
observation and monitoring system.
In the SIOS gap analysis process, more than 30 scientific key topics were initially identified by the
six working groups. In the final Gap Analysis Synthesis Report several of the key topics were
merged, resulting in a list of 11 key topics, each with quite wide scope. The key topics and the
general role of EO data are presented in Table 2.1.

The Arctic lower atmosphere – boundary layer
system: dynamical and radiation feedback
processes

X

X

KT3

Oceanic and sea ice processes

X

X

KT4

Marine transport of energy, nutrients and
pollution (horizontally, vertically and through the
food chain)

KT5

Glacier and ice cap mass balance and dynamics

X

KT6

Greenhouse gas processes and feedbacks in
the Arctic climate system

X

KT7

Arctic permafrost, periglacial geomorphological
processes including geohazards related to
periglacial landscape development

X

KT8

Isostasy and changes in Solid Earth’s local and
regional stress field

KT9

Direct human impact on the Arctic System

X

X

KT10

Inter-compartmental transition processes related
to pollutants and impact of climate change

X

X

X

KT11

Arctic ecosystem resilience to climate variability
and change

X

X

Space
research

KT2

Terrestrial
biosphere

X

Permafrost,
geohazards

Vertical coupling in the arctic atmosphere and
coupling to space

Terrestrial
cryosphere

KT1

Ocean and
sea ice

Title of key topic

Atmosphere

Key
topic

Geodesy

Table 2.1. Use of EO data in SIOS key topics

X
X

X

X

X
X

X

X

X

X

X

X

X
X

X

X
X

The observing systems planned for SIOS can be an contribution to the Global Climate Observing
System (GCOS), where a number of observational parameters are defined, called Essential Climate
variables (ECVs) according to GCOS report 107 (2010, updated in 2011). This report identifies
systematic observation requirements for satellite-based products for climate research and
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monitoring. The ECVs where satellite observations play a key role are summarized in Table 2.2.
Many of these satellite-derived products are important in the polar regions.
Table 2.2: ECVs significantly dependent upon satellite observations1
Domain

Essential Climate Variables

(over land, sea
and ice)

Surface wind speed and direction, Precipitation, Upper-air temperature, Upper-air wind
speed and direction, Water vapour, Cloud properties, Earth radiation budget (including
solar irradiance), Carbon dioxide, Methane and other long-lived greenhouse gases, and
Ozone and Aerosol properties, supported by their precursors.

Oceanic

Sea-surface temperature, Sea-surface salinity, Sea level, Sea state, Sea ice, Ocean colour.

Terrestrial

Lakes, Snow cover, Glaciers and ice caps, Ice sheets, Albedo, Land cover (including
vegetation type), Fraction of absorbed photosynthetically active radiation (FAPAR), Leaf
area index (LAI), Above-ground biomass, Fire disturbance, Soil moisture.

Atmospheric

A detailed listing of atmosphere, ocean and terrestrial products defined by GCOS is presented in
Appendix 6.1.

1

GCOS Report 107: Systematic Observation Requirements for Satellite-based Products for Climate (2011 Update) Supplemental Details to the GCOS Implementation Plan – DRAFT version 1.1
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3

Research application areas for use of EO data in SIOS

3.1

Atmospheric research

3.1.1

Operational Meteorology

In the Arctic region an array of serious weather phenomena takes place exposing human activities,
such as oil and gas exploration, marine transport, and the region’s vulnerable environment, to high
risks. For example during winter, advection of cold and stable air from the sea-ice/land over the
open ocean leads to intense weather features such as Arctic fronts, polar lows and terrain-induced
disturbances. There is a need for improving the understanding and forecasting of adverse weather in
the region. The main tool in operational meteorology is Numerical Weather Prediction, NWP.
Successful NWP relies on a correct description of the atmospheric state, the initial conditions, as
well as a good model description of the weather development. Modern NWP meets both these
requirements to a large extent, however there is a room for improvements relying on improved
description of the initial conditions and understanding and modelling of the weather development.
A major impediment in determination of the initial condition is the sparse network of conventional
observations. Polar orbiting meteorological satellites like the European Metop-series
(ESA/EUMETSAT) and the US NOAA- and DMSP-series cover high latitudes well. The US will
launch the NPP (National polar-orbiting operational environmental satellite system Preparatory
Project) satellite in October 2011, and the next generation of the NOAA polar-orbiting weather
satellite system JPSS (Joint Polar Satellite System) is scheduled for launch from 2015. Europe
(ESA/EUMETSAT) is planning the next generation of meteorological operational polar satellites
post-EPS from 2019, while Japan (JAXA) is launching their Global Change Observation Missions
GCOM-W (water cycle) and GCOM-C (climate) series in 2012 and 2014 respectively. Canada has a
highly eliptical orbit Polar Communications and Weather Mission under planning with suggested
launch in 2016. New instrumentation on meteorological satellites will provide new and promising
sources of information for the Arctic atmosphere.

a

b

Figure 3.1 (a): The NWP Harmonie model domain, which was used for developing assimilation of IASI data
during IPY and is operationally used at met.no, (b): The 41 selected IASI channels used in the data
assimilation, giving major influence in the upper atmosphere.
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Satellite sounding data from e.g. ATOVS (NOAA and METOP) and IASI (METOP) provides
information on vertical profiles of temperature and humidity, which is very valuable for
determination of the NWP initial state. The capability of assimilating these data in NWP was
improved e.g. as a result of activities during IPY (Randriamampianina et al 2011). Information of
atmospheric wind can be deduced from satellite images (AVHRR and MODIS) over the Arctic, and
has a large potential for utilization in NWP. Even more promising are vertical wind profiles that in a
not too far future will be provided from the wind Lidar on the Earth Explorer mission AEOLUS.

Figure 3.2: Illustration of measurement capability from the ADM Aeolus mission to be launched in
2013.

Several satellites are crucial for determining the surface properties (sea surface temperature (SST),
ice cover, ice thickness), which are important for operational NWP as well as particularly
challenging NWP applications in the Arctic such as:
Parameterization of surface fluxes in the Arctic, in particular over sea ice covered areas
Turbulence parameterization in strongly convective unstable boundary layers in cold air
outbreaks
• Turbulence parameterization in highly stable boundary layers cooled by the surface
For all three items satellite data can play a role in validating new schemes and as a part of process
studies for improvements in these areas.
•
•

However, satellite observations need to be co-located with other independent observations to ensure
that the signals are properly understood and help develop data processing to provide optimal impact
from the data. The international observational activity planned as a part of SIOS offers an
opportunity to address these problems.
In these areas SIOS provides a framework for conducting research for enhanced understanding and
forecasting of Arctic weather, including extreme weather cases.

3.1.2

Climate

As well as the challenge for weather forecasting, the Arctic atmosphere is a challenge for
understanding of the climate system. An example is the role of clouds and humidity in the radiation
budget. These problems are well studied in the tropics, however less attention has been given to this
on middle and high latitudes. Cloud feedback mechanisms are sources of uncertainty in future
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climate projections. Different climate models differ on the issue of whether the net cloud feedback
is negative or positive. Climate model intercomparisons have shown large discrepancies in the
modelled radiative properties of Arctic clouds.
Another issue is the water vapour feedback. This effect is believed to be responsible for
approximately doubling the surface temperature response on CO2 increase. In the boundary layer
where the highest mixing ratios of water vapour are found, the water vapour amount increases with
increasing temperature. But, according to IPCC, the boundary layer only contributes to
approximately 10% of the global heating. However, in the free troposphere the atmosphere is on
average far from saturation, so the simple relation between temperature and moisture based on
saturation vapour pressure does not hold. The feedback mechanism is therefore much dependent on
the moisture budget, with transport processes, convection and other cloud processes being important
ingredients. The magnitude of this feedback is particularly dependent on upper tropospheric
humidity due to the nature of the radiative transfer processes.
A limitation in our understanding of the climatic effects of water vapour and clouds is that whilst we
have broadband satellite observations that can determine their overall radiative impact, our ability to
unequivocally link this to the underlying components of the atmosphere is under-constrained
because of the lack of spectrally resolved measurements over a significant portion of the emitted
radiance, namely within the Far-InfraRed (FIR) between approximately 100 and 600 cm-1 (16.6 and
100 micron). The importance of acquiring these missing observations is also clearly stated in the
ESA document “The Changing Earth” (ESA SP-1304, 2006).
Satellite data responding on clouds and water vapour are well suited for studies of the problems. The
data with the longest time record on availability are from operational meteorological NOAA and
DMSP satellites. These are extended by data from a range of new satellites both in operational
meteorology (like EPS METOP) as well as research satellites (like CloudSat/Calipso). In the
presence of clouds passive observations in the infrared earth radiation spectrum usually provides
cloud top data. Microwave measurements give information on deep clouds, allowing retrieval of
total column liquid water. This gives the possibility of assessing the clouds described in the climate
models and use satellite data to provide observed climatology. And, as mentioned above, optimal use
of satellite data requires access to in situ observations for algorithm development and validation. The
SIOS infrastructure shall provide an opportunity for access to co-located satellite and conventional
observations.

3.1.3

Aerosols

Arctic aerosols are of great importance for cloud properties and the atmospheric radiation balance.
They influence climate directly through changing albedo. In areas covered by snow and ice, aerosols
may produce appreciable warming at the surface, if highly absorbing particles are suspended on
these bright surfaces. Natural aerosols of marine origin may play an important role in the future due
to radically changing ice conditions in the Arctic Ocean. Black carbon particles deposited on snow
and ice can significantly decrease the albedo of these surfaces leading to enhanced melting of Arctic
land and sea ice, but no data exists yet to quantify this effect. While such effects are due mainly to
the direct scattering and absorption of incoming solar radiation, exchange of thermal radiation
between the surface and atmosphere enhances heating below dense aerosol layers. It is important to
determine the radiative properties of particles within the entire atmospheric column to evaluate
accurately the radiative forcing induced by the mixture.
Measurements of atmospheric aerosols are currently available from a large number of satellites and
products are continuously being developed to characterise aerosol amounts, properties and size
distributions. Nevertheless many of those focus on mid- and low latitudes, as low aerosol optical
thickness, large solar zenith angles and bright surfaces make the aerosol retrieval in the Arctic
challenging, and can require further algorithm developments. New sensors furthermore allow for
determination of aerosol vertical distribution.
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Aerosol and clouds
The presence of aerosols is both of direct and indirect importance for the understanding of climate
forcing and climate change - aerosols scatter and absorb radiation, but their presence is also
important for the formation of clouds. The composition and elevation of aerosols is needed to
understand their ability to cool or warm the environment, and satellite data are important in this
context. Absorbing aerosols located above clouds can have high impact on the atmospheric radiative
balance on local and regional scale.
Especially the upcoming ESA EarthCARE mission, which will provide global maps and profiles of
aerosol is important for such studies (Fig. 3.3). This satellite is very suitable for measuring at high
latitude and will provide a unique source for data in Arctic areas. Existing sensors such as AATSR
(and AVHRR) have recently also proved to be valuable for assessing Arctic aerosol levels

a

b

Figure 3.3: EarthCARE consists of four instruments that are jointly able to provide vertically and
spatially resolved information on aerosol and cloud properties and also provide total radiance
measurements suitable for comparison against radiances calculated by aerosol and cloud models.
(Graphics are from ESA)
Other related research topics of interest (which are not described in any further detail here) include:
1) Middle and upper atmosphere aerosols and processes connecting/coupling the troposphere,
stratosphere and mesosphere and their link to climate change, 2) extent of polar stratospheric clouds
resulting from episodic volcanic aerosol layers in the stratosphere and 3) dynamic phenomena at
polar latitudes with global consequences, including: The polar vortex in the winter stratosphere,
sudden stratospheric warming, Noctilucent Clouds (NLC), Polar Mesospheric Clouds, and Polar
Mesosphere Summer Echoes (PMSE). NLC and PMSE are sensitive indicators of temperature and
water vapor at those heights.

Pollution transport
The Arctic is specifically vulnerable to pollution in any form and strong regulations are imposed on
most activities at sites such as Svalbard in order to limit the human footprint on the environment.
The Arctic has, however, through decades been subject to transport and deposition of air pollution
from far away and specific meteorological conditions are known to cause very poor Air Quality
levels in these relatively clean areas of the world. Satellite tools are excellent for studying these
phenomena and instruments such as MODIS (or similar) can be used to map the extent of aerosol
being transported up to higher latitudes. Combined with ground-based instrumentation and modeling
tools, transport can be studied and quantified.
One extreme case of record high air pollution (of ozone, carbon monoxide, BC, aerosol optical
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depth, etc.) were set at the Zeppelin station caused by agricultural fires in Eastern Europe in spring
2006 (Stohl et al, 2007). Photographs from before and during the episode show a dramatic decrease
in visibility when the plume engulfed Svalbard (Fig. 3.4). Deposition of BC aerosols even led to a
documented reduction of the surface albedo on a glacier in Svalbard during this episode (Stohl et al.,
2007).

a

b
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Figure 3.4 View from the Zeppelin station under (a) clear conditions on 26 April 2006, and (b)
during the smoke period on 02 May 2006. Image courtesy of Ann-Christine Engvall.

3.1.4

Atmospheric Chemistry

Measurements of trace gases from satellite have been an important source of information for
atmospheric research since the launch of the first NASA TOMS mission, which was dedicated to
total column observation of ozone. While the total ozone measurements of the TOMS missions are
still ongoing, currently through the AURA OMI instrument, a range of additional parameters from a
multitude of planned and in-orbit instruments are currently available. In the near future, the Sentinel5 precursor (expected launch in 2014) will fill the gap between the current atmospheric monitoring
instruments and future operational GMES Sentinel-5 instrument (expected around 2020). The main
payload is the UV-Vis-NIR-SWIR spectrometer named TROPOMI. The instrument covers the OMI
wavelengths to measure O3, NO2, HCHO, SO2 and aerosols and adds a NIR channel and a SWIR
module for improved cloud detection, aerosol height distribution and CO and CH4 measurements.

Figure 3.5: Comparison of capability of TROPOMI with OMI, GOME and SCIAMACHY. The white
bands indicate at which wavelengths the different species may be detected. (Figure from Veefkind
P., & the TROPOMI team, TROPOMI status, presentation:
www.knmi.nl/research/climate_observations/meetings/presentations/Veefkind_20110211.pdf).

Some of the most interesting parameters and applications for Arctic research are described in the
following paragraphs.
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Climate gas budgets
Quantification of emissions of climate gases and proper understanding of how they are transported
and finally removed from the atmosphere is a global problem and concern. The Arctic greenhouse
gas budgets are particularly interesting since there are many unknown issues related to pools and
emissions of CO2, CH4 and N2O from frozen ground (permafrost). The recent increase in
temperature in parts of the Arctic has led to concern around thawing of permafrost and potentially
huge releases of climate gases into the atmosphere. Satellite data offers the possibility of large area
mapping of these gases and will be an important element (together with traditional ground-based
monitoring techniques) for characterizing the concentration levels and subsequently the atmospheric
budgets for these gases. Current satellite sensors lack sensitivity towards the ground or spatial
coverage/resolution, but currently planned sensors will likely fill these gaps – especially the
suggested ESA Earth Explorer CarbonSat is interesting. The usability of OCO-2 (NASA, 2013),
Ingenio (CDTI/ESA, 2014), Sentinel-5 precursor (ESA/NSO, 2014) and the Methane Remote
Sensing LIDAR Mission (DLR/CNES, 2014) for Arctic climate gas measurements also needs to be
checked.

Figure 3.6: The global carbon cycle (in Gigatons of carbon per year), with estimated natural fluxes
shown in black and anthropogenic fluxes in red. Acknowledgements: Taken from Figure 7.3 of the
2007 IPCC Working Group 1 Report, Cambridge University Press.

Stratospheric Ozone depletion
Stratospheric measurements of ozone are the most mature satellite based atmospheric chemistry
measurements available, and currently available sensors offer the possibility of both spatial mapping
of total ozone and observation of stratospheric ozone profiles. There are indications that the Arctic
stratosphere is becoming colder and this is favourable for Arctic spring time ozone depletion (Fig
3.7, taken from WMO).
The Arctic winter 2010/2011 showed that the issue of polar ozone loss is still very relevant and the
very cold stratospheric conditions resulted in very high ozone depletion in the Arctic of about 40%
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(from the beginning of the winter to late March) and subsequently thin “ozone layer”. Continued
satellite measurements are essential for research in this are and for monitoring the effects of the
successfully implemented Montreal protocol.
Total ozone is a core product from the Sentinel-5 Precursor, and is specifically useful for following
the total ozone distribution above Svalbard in the future.

Figure 3.7: Evolution of VPSC (km3) (volume of air experiences PSC formation conditions) for the
Arctic over the past four decades obtained from WMO, (2010).The blue dots represent the maximum
values of VPSC during five-year intervals. The dotted line is based on radiosonde analyses, and the
solid line is ECMWF ERA-15 data. Note that 2011 was new record year, not included in the figure.

Figure 3.8: Monthly mean Arctic total ozone measurements for March 2011 (GOME-2) showing
low ozone values over the Northen hemisphere.
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Pollution transport
As for the transport of aerosols to Arctic areas, satellite measurements of gases such as CO and NO2
are useful for studying these extreme pollution events at higher latitudes
BrO measurements and Mercury depletion
Large amounts of BrO are released at the sea-ice boundary in polar-regions during spring. The exact
mechanisms of the release (the source is sea-salt) are not yet known, but blowing snow/ice and
strong surface winds may play a role. Once released, bromine can react with e.g. ozone and DMS
(dimethylsulfide). This can result in complete removal of ozone in the boundary layer, and increased
production of MSA (methanesulfonate) from DMS. Through heterogeneous photochemical reactions
it is linked to Hg oxidative mechanism and atmospheric mercury depletion events (AMDE), in
which gaseous elemental mercury (GEM) is converted to reactive gaseous mercury (RGM) during
springtime (see for example: Steen et al, 2011)
Methods have recently been developed (e.g. Theys et al., 2011) to reliably remove the stratospheric
contribution to the total satellite derived BrO column and the tropospheric product can be utilized for
these studies, as well as be a tracer for air mass transport.

3.1.5

Precipitation

One of the major unknowns for the complete characterization of the global climate is the
quantification of the water cycle in all its components. This is even more so at high latitudes where
measurements of the hydrological variables present higher challenges. This is particularly true for
one of the most elusive variables, precipitation.
The average annual precipitation on Earth is evaluated around 690 mm and snowfall accounts for
about 5% of it. However, snow is a predominant component of the global precipitation amount at
mid and high latitudes. In fact, above 60–70 degrees it dominates over the liquid precipitation
(Worley et al. 2005) as shown in Figure 3.9. The quantitative determination of snowfall intensity
from space is thus crucial when aiming at a global estimation coverage and at the closure of the
water cycle. Note that the areas where snowfall is predominant are generally remote and not
adequately instrumented for precipitation measurements at the ground, which is very problematic to
achieve. This is of utmost importance in the Arctic environment.
Over the last twenty years several satellite missions were launched with passive microwave (PMW)
sensors onboard to estimate precipitation intensity from space (e.g., Kidd and Levizzani 2011; Kidd
et al. 2011), but they were mostly conceived for rainfall retrieval. Among these, it’s worth
mentioning the Advanced Microwave Sounding Unit (AMSU) on board the National Oceanic and
Atmospheric Administration (NOAA) spacecrafts, the Microwave Humidity Sounder (MHS) on
board EUMETSAT’s Polar System (EPS) satellites, the Special Sensor Microwave/Imager (SSM/I)
and the SSMI and Sounder (SSMIS) on board the Defense Meteorological Satellite Program
(DMSP) spacecrafts.
Measuring precipitation at high latitudes is a prominent research and operational topic, which is
recently receiving the due attention (e.g., Levizzani et al. 2011). However, much remains to be done
to finally come to a correct determination of snowfall from space. The following are the main
reasons behind the general lack of algorithms for snowfall detection and estimation:
1. Ice hydrometeors are scarcely distinguishable from water drops in the visible and infrared spectral
channels, while in the PMW the snow signal below 90 GHz is quite weak. This leads to considering
frequencies above 100 GHz as candidates for snowfall retrievals. The latter are hosted onboard a
limited number of missions that were only launched in recent times.
2. The radiative properties of snowflakes and ice crystals are much more complex than those of
water droplets due to the inherent non-sphericity of the ice hydrometeors. Moreover, the thermal
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emission of water vapour and water clouds often masks the scattering from snow thus reducing the
snowfall signal. The dimensions and aggregation modes of ice crystals in natural clouds are also not
completely understood.
3. The vertical structure of ice clouds is scarcely known. Ice crystal concentrations are very variable
with ice nuclei and environmental conditions so that it is difficult to decide upon an unambiguous
microphysical structure given a set of available PMW observations from space that necessarily refer
to the whole atmospheric column.
4. Last but certainly not least is the problem of the understanding of snow microphysics in mixed
clouds. The presence of super cooled water poses problems when trying to untangle the radiative
contributions of water and ice for snowfall detection from the ground and from space.

Figure 3.9: Mean zonal occurrence of oceanic light precipitation (as a percentage of total rainfall
occurrence) derived from the Comprehensive Ocean-Atmosphere Data Set (COADS) using shipborne meteorological observations (1958–1991). The latitude ranges on top refer to the coverage of
current or proposed satellite missions: European contribution to GPM (EGPM), Global
Precipitation Measurement (GPM) mission core satellite, and Tropical Rainfall Measuring Mission
(TRMM). (Courtesy of C. Kidd, NASA-GSFC) (ESA 2004).
The international efforts are mostly devoted to the launch of ESA’s EarthCARE mission on one side
and of the Global Precipitation Measurement (GPM) (Hou et al. 2008) mission on the other, the first
scheduled for launch in 2015 and the second in 2013. The first mission will help in understanding
the cloud microphysical vertical structure (e.g., Barker et al. 2011), while the second will host on
board a last generation PMW radiometer and a dual-frequency precipitation radar (DPR), which will
significantly improve the accuracy of precipitation estimation in all weather conditions.
The SIOS framework is essential in providing the necessary support for conducting research and
also ensuring the adequate presence of ground calibration and validation instruments at the Ny
Ålesund scientific base. This will ensure a fundamental avenue for the European participation to
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these important international missions thus making it possible to maintain European scientists at the
frontline of this kind of research, which has clear operational applications for weather and climate
services.

Figure 3.10: Swath covered by the Global Precipitation Measurement (GPM) mother ship sensors.
(Courtesy of NASA-GSFC, http://pmm.nasa.gov/GPM)

Table 3.1: Atmospheric variables observed by remote-sensing data
Variable

EM spectrun range/
sensor type

Most common existing
satellites/sensors

Operational Meteorology and
Climate

EM spectrum: UV/VIS,
VIS, NIR. IR, MW
Instrument types: rmulti
spectral radiometers and
spectrometers
temperature and humidity
sounders, scatterometers,
lidar

AVHRR, ATOVS (NOAA, METOP).
IASI, ASCAT, (METOP) MODIS,
AIRS, AMSR-E(Aqua, Terra).SSM/I,
SSMIS (DMSP),
ATSR(Envisat)ADM-Aeolus.
VIRS(NPP), AMSR-2 (GCOM-W,
Jaxa), EarthCARE (ESA)

Aerosols

EM spectrum: UV/VIS,
VIS, NIR. SWIR, MWIR.
TIR,
Instrument types: Lidar,
radiometer, spectrometer

Atmospheric chemistry

EM spectrum: UV/VIS,
VIS, NIR. SWIR, MWIR.
TIR,
Instrument types:
Spectrometer,
hyperspectral imager
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Aqua, Terra (NASA): MODIS
Envisat (ESA): MERIS, AATSR,
SCIAMACHY, MIPAS
METOP A,B,C (Eumetsat): GOME2,
AVHRR, PARASOL (CNES):
POLDER-P
METOP A,B,C (Eumetsat): IASI
(CH4, SO2), METOP A,B,C
(Eumetsat): GOME2 (O3, NO2,
SO2,++), Envisat (ESA):
SCIAMACHY, GOMOS, MIPAS
(O3,CH4, SO2, NO2,HNO3, ++)
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Some approved
satellites/sensors

Operational
Meteorology and
Climate

ADM-Aeolus
(ESA): Aladin,
EarthCARE (ESA,
JAXA)
GMES Sentinel 5
precursor (ESA):
Tropomi++ (O3,CH4,
SO2, NO2, ++), NPP
(NASA, DoD,
NOAA) & JPSS
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(NASA):
Spectrometer (CO2),
MERLIN
(DLR/CNES): IPDA
LIDAR (CH4)
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The oceans and their interactions with the atmosphere and land play a major part in driving the
global climate through the large amount of heat and mass transported by ocean currents, the
evaporative fluxes and momentum exchange. More than 70% of Earth’s surface is covered by
oceans, which absorb more than half of Earth’s total absorbed solar radiation. Moreover, about 40%
of the anthropogenic carbon dioxide emission is absorbed in marine biological processes. Complex
ocean–atmosphere interaction and feedback mechanisms occur across a wide range of temporal and
spatial scales, including momentum exchange, radiative and turbulent heat fluxes and freshwater
fluxes through evaporation, precipitation, sea-ice growth and melt, ablating ice sheets and mountain
glaciers and river discharges. Added to this are exchange processes with the land biosphere as well
as oceanic biogeochemical processes invoked by shortwave absorption and scattering, the biological
CO₂ pump and the exchange of gases, aerosols, dust and other natural or man-made chemicals.
The Arctic Ocean and Nordic Seas play a major role in the Arctic climate system where the surface
energy and freshwater budgets are determined by dynamical and thermodynamic processes, where
sea ice is an important factor (Fig. 3.11). Improved monitoring systems are needed to provide
consistent and long-term data on the ice-ocean circulation in the Arctic Ocean including the Fram
Strait and Nordic Seas. Monitoring systems should have a central role in detection and verification
of climate variability and trends. Monitoring and forecasting of the environmental conditions on a
daily to seasonal scale is also needed to support all types of marine operations to secure sustainable
and safe development at high latitudes.

Figure 3.11. The Nordic Seas showing the inflow of warm Atlantic water through the Faeroe–
Shetland Channel (red arrows) keeping the Norwegian Sea and part of the Greenland and Barents
Sea ice-free throughout the year (Area A). The outflow of sea ice and polar water through the Fram
Strait and the Denmark Strait is shown by white arrows, and deep water outflow to the North
Atlantic is shown by blue arrows. Area B indicates the seasonal ice zone, whereas C is the perennial
ice region extending across the deep Arctic Basin.
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Ocean observations from satellite are an important complementary source of data supplementing insitu observing systems from ships, buoys, moorings and other underwater platforms. Observations
from satellite are the only data that provides synoptic and mapping of large areas. These data are
used to monitor processes and phenomena on regional and local scales. Satellite-derived data are
also used in modeling and data assimilation to produce ocean forecasts.
Sea level height and dynamic topography
Radar altimetry from satellites has been used for more than a decade to map open ocean circulation.
Mean Dynamic Topography (MDT) is estimated from composites of radar altimeter data and is used
to estimate time-invariant currents and transports (Fig. 3.12). Data on sea level anomaly (SLA) are
provided on a global scale by subtracting the MDT from the short-term observations of sea level
height. Maps of geostrophic currents are deduced from the SLA data. These maps show the strength
of oceanic eddies and the propagation of eddies in time sequences of such maps. At latitudes above
66° N, the data coverage is not sufficient to resolve small scale eddies, but the main patterns of
variability can be identified. Measurements of ocean surface topography in the Arctic from space
will be significantly improved when a precise geoid can be determined by the GOCE mission. With
a precise geoid it will be possible to determine the absolute sea level and its spatial and temporal
variability. The altimeter-derived data must be supplemented with a network of in situ measurements
to calibrate the satellites and to produce accurate global determinations of sea level change.

b

a

Figure 3.12. (a) Mean Dynamic Topography from radar altimeters (in meter), and (b) ocean
currents retrieved from MDT.
Mesoscale circulation, fronts, internal waves and surface slicks
Synthetic Aperture Radar (SAR) systems have a unique capability to detect processes and
phenomena on the sea surface through observation of surface roughness variability and contrasts.
Typical processes are eddies, fronts and convergence-divergence zones. High-resolution wind fields
can be retrieved over open ocean, supplementing the large-scale wind fields provided by
scatterometer data. Furthermore, internal waves (IW) are often observed in SAR images, especially
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in areas where tidal currents interact with bathymetry in a stratified ocean (Fig.3.13).

a

b

c

d

Figure 3.13. (a) SAR image of ocean and sea ice area west of Svalbard, (b) wind speed and
direction retrieved from the same SAR image as in (a) and NCEP (National Centers for
Environmental Prediction) fields; (c) fronts and eddies observed near Bjørnøya, and (d) internal
waves near Franz Josef Land, where isobaths (in m) are inserted.
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SAR is also suitable for monitoring of oil spills notably in regions of intense ship traffic and in
offshore areas of extensive oil and gas productions. Oil and natural slicks (film) dampen the
capillary-short gravity waves on the ocean surface thus reducing or eliminating the presence of
Bragg scattering mechanism. In turn, the radar cross section is low and the imaged area appears
dark. SAR have demonstrated a promising capability to retrieve bathymetry maps over large areas at
relatively low costs.
A new method for retrieval of surface velocity from SAR data has been developed by Johannessen et
al., (2008). This Doppler based method is shown to provide new understanding of intense ocean
currents dynamics and is particularly attractive for studies in near coastal regions and the Marginal
Ice Zone where radar altimetry does not work and routine ground- or ship-based observations are not
easily available.
Sea surface temperature
Passive microwave (MV) and thermal infra-red (TIR) radiometers are used to monitor sea-surface
temperature (SST) and its variability connected with both global climate change and mesoscale
frontal dynamics and upwelling zones. The improved resolution with respect to previous instruments
as well as the synergies possible with other missions contribute to a worldwide operational
oceanographic system which greatly benefits several major services including, for example,
maritime safety services that need ocean-surface wave information, surface temperature and data to
improve ocean current forecasting systems; sea-water quality and pollution monitoring requiring
advanced ocean colour products in both open ocean and coastal oceanographic application areas;
sea-ice charting services requiring sea-ice extent and iceberg detection; services to monitor land-use
change, forest cover, photosynthetic activity, soil quality and fire detection.
For the ice-free areas of the Arctic and Nordic Seas, sea surface temperature (SST) from thermal
infrared sensors is currently available from several satellite systems, where the NOAA AVHRR and
MODIS IR data at spatial resolution of 1 km are most commonly used. Sea surface temperature from
passive microwave sensors can be provided in 25km grid cells independent of cloud and light
conditions, supplementing the data from infrared radiometers. These data are useful for near real
time as well as seasonal and long-term monitoring.

Figure 3.14. Sea Surface temperature using weekly averaged data from MODIS (products available
at http://hab.nersc.no).
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Ocean colour
Visible (VIS) and near infrared sensors (VNIR) are used to obtain ocean colour data for monitoring
of algal blooms. Algal biomass measured as the phytoplankton pigment chlorophyll-a is available
from many different satellite sensors. Frequent cloud cover, low sun elevation and darkness in the
winter months limit the usefulness of temperature and ocean colour measurements from infrared and
optical sensors in daily, operational monitoring. The combination of Ocean Colour (OC) and in situ
data e.g. ships of opportunity is an excellent method to improve the OC data on an operational basis
(Fig. 3.15).

a

b

Figure 3.15. (a) MERIS reduced resolution mosaic chlorophyll-a image from 9.-12.June 2009
overlaid with the ships of opportunity validation transect with the MS Norbjorn cargo ship. (b).
MERIS Full Resolution Chlorophyll-a image from August 9.2011 of the south-west cost of Svalbard.
The ships transect from Longyearbyen used for validation of satellite data is illustrated.
OC data and information products are required for monitoring of open-ocean and coastal ecosystem
and biogeochemical parameters and are increasingly used in management of fisheries and coastal
regions, for monitoring of potential harmful algal blooms and water quality, in aquaculture
applications and for many other socio-economic benefits. Ocean colour data products derived from
water-leaving radiance data measured by multi-channel Visible/IR radiometer and spectrometers
typically include Chlorophyll a (Chla) to quantify phytoplankton biomass, phytoplankton functional
types (e.g., diatoms, coccolithophores, picoplankton), coloured dissolved organic matter (CDOM),
particulate carbon, suspended sediment and the diffuse attenuation coefficient (or water
transparency). Meanwhile, these near-surface data are increasingly assimilated into coupled ocean
models containing ecosystem and biogeochemistry modules for improved understanding of the
impacts of ocean climate variability and long-term climate change on ocean primary productivity
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and in carbon-cycle research.
Ocean salinity
The SMOS satellite, which has been in operation since 2009, provides the first space-borne
observations of sea surface salinity (SSS). SMOS carries the first-ever, polar-orbiting, space-borne,
2-D interferometric radiometer, which is a novel instrument capable of observing both soil moisture
and ocean salinity by capturing images of emitted microwave radiation around the frequency of 1.4
GHz (L-band). SSS can be observed by SMOS with an accuracy of 0.1 psu for a 10–30 day average
in 200×200km grid cells. However, the sensitivity is a function of the sea surface temperature (SST)
decreasing from 0.5 K/psu in 20oCwater to 0.25 K/psu for an SST of 0oC. Hence, strong demands
are put on the SSS retrievals from space in polar and sub-polar regions where the water masses are
very sensitive to small changes in SSS (below 0.1 psu). Knowledge of the distribution of salt in the
global ocean and its annual and inter-annual variability is crucial in understanding the role of the
ocean in the climate system. Ocean circulation is mainly driven by the water and heat flux through
the atmosphere-ocean interface, but salinity is also fundamental in determining ocean density and
hence thermohaline circulation. Ocean salinity is also linked to the oceanic carbon cycle, as it plays
a part in establishing the chemical equilibrium, which in turn regulates the CO2 uptake and release.
In the Arctic, ocean salinity is particularly important to observe in the Nordic Seas, the Barents Sea
and other ice-free areas. In these areas, SIOS can provide important validation data for SMOS.
Radio Frequency Interference has been an issue for SMOS over Arctic sea areas.

Figure 3.16. The first global map of sea surface salinity (SSS) and soil moisture (SM). Courtesy
ESA, 2011
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Table 3.2 Oceanic variables observed by remote-sensing data
Variable

EM spectrun range/
sensor type

Most common existing
satellites/sensors
ERS/AMI/RA, Envisat/ASAR,
Radarsat/SAR, Jason/LRA,
AQUA/AMSRE, MetOp/ASACT,
SeaWinds/QuikSCAT,
JASON/POSEIDON
ERS2/RA,
Envisat/DORIS, CryoSAT2/DORIS,
Jason/DORIS/POSEIDON,
OSTM/Jason
ERS-2/RA, RADARSAT1,2/SAR,
Jason/LRA, Envisat/RA-2, GRACE,
GOCE

Some approved
satellites/sensors

Sea State Parameters:
wave spectra; wavelength;
propagation direction;
significant wave height, surface
wind speed and direction

Microwave/
SAR, Scatterometer,
Passive radiometer

Sea Level

Microwave/
Altimeter

Ocean dynamic topography

Microwave/
Altimeter, ASAR

Ocean surface currents speed
and direction

Microwave/
ASAR

Envisat/ASAR,

Sentinel1/SAR

Sea surface temperature (SST)

Microwave (C-band),
TIR/
Passive radiometer

NOAA/AVHRR,
METEOSAT/MVIRI,
Aqua/MODIS/AMSRE,
ERS2/ATSR, Envisat/AATSR

METEOSAT/MVRI,
Sentinel3/SLSTR
GCOM-W/AMSR-2

Sea surface salinity (SSS)

Microwave (L-band)
Passive radiometer

SMOS

Aquarius

VNIR/
Spectrometer

SeaSTAR/SeaWiFS, Aqua/MODIS,
ENVISAT/MERIS, PROBA/CHRIS,
OCEANSAT2/OCM,

Sentinel 3AB/OLCI,
FY-3C/MERSI

Microwave, TIR, VNIR/
SAR, altimeter,
radiometer, spectrometer

Aqua/MODIS/AMSRE,
ENVISAT/MERIS/SAR/AATSR/RA
2

Sentinel1/SAR
Sentinel3/SRAL/OL
CI/SLSTR

Bio-geochemical, water quality
parameters:
Phytoplankton chlorophyll-a,
net primary production,
turbidity, colored dissolved
organic matter, surface slicks,
harmful algae blooms
Mesoscale features:
fronts, eddies, internal waves,
current shear,
convergence/divergence

3.2.2

Sentinel1/SAR,
Sentinel3/SRAL

Sentinel3/SRAL

Sentinel3/SRAL

Sea-ice covered areas

Sea ice is a part of the cryosphere which interacts continuously with the underlying oceans and the
overlying atmosphere. The growth and decay of sea ice occur on a seasonal cycle at the surface of
the ocean at high latitudes. As much as 30 million km2 of the earth’s surface can be covered by sea
ice, of which the Arctic contains about 14 million km2 in winter and 5-6 million km2 in summer (Fig.
3.14). In comparison, the area of Russia is about 17 million km2.
Sea ice plays a crucial role in air-sea interaction in polar regions. The sea ice insulates the ocean
from heat exchange with the atmosphere, modulates the thermohaline circulation of the world’s
oceans through deep-water formation, and insulates the polar oceans from solar radiation by its high
albedo. Because the albedo of snow-covered sea ice is high (as much as 98%) relative to that of open
water (20%), the presence of sea ice considerably reduces the amount of solar radiation absorbed at
the earth’s surface. This is most significant in summer, when the insolation, or solar heating, is high.
Sea ice processes also affect oceanic circulation directly by the rejection of salt to the underlying
ocean during ice growth. This governs the density of the water directly under the ice, the induced
convection and the thermohaline circulation of the ocean. Much of the world oceans’ deep and
bottom water is believed to be formed in polar latitudes by these mechanisms. Conversely, the input
of relatively fresh water to the ocean during ice melt periods tends to increase the stability of the
upper layer of the ocean, inhibiting convection. Furthermore, the net equator-ward transport of ice in
each hemisphere produces a positive freshwater transport and a negative heat transport.
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b

Figure 3.17. (a) Arctic sea ice area during the summer minimum in September 2010 observed by
passive microwave satellite data. The yellow circle shows the sea ice areas that can be studied with
in situ and airborne observing systems from Svalbard; (b) Seasonal cycle of the Arctic sea ice area
from passive microwave data presented at http://arctic-roos.org.
Sea ice data from satellites represents one of the longest earth observation records from space, where
passive microwave data has been used continuously from 1979 to measure sea ice concentration,
extent and area (Fig. 3.17). The variations in temperature, emissivity and reflectivity of sea ice and
the differences compared to the surrounding open ocean make it an ideal application of remote
sensing. Several techniques and instruments have been developed and successfully utilized and
today it is impossible to imagine operational sea ice monitoring and analysis without satellite data
(Sandven and Johannessen 2008). However, as the use expands and need for knowledge moves
forward, remote sensing of sea ice faces new challenges.
Sea ice observations have been significantly improved during the last two decades by
introduction of Synthetic Aperture Radar (SAR) images. SAR sea ice mapping started with the
ERS programme and continued with RADARSAT providing ScanSAR images with operational
monitoring capability. From 2003 ENVISAT Advanced SAR (ASAR) images have started to be
produced over sea ice areas in the European Arctic and the Baltic Sea. RADARSAT-2, Sentinel1 and other SAR missions will provide extensive amounts of SAR data for the polar regions in
the coming years. Sea ice monitoring using SAR makes it possible to quantify several parameters
such as ice edge position, ice concentration (fractional area coverage), ice type (new ice, young
ice, firstyear, multiyear), ice thickness and ice drift. For climate and environmental monitoring,
additional parameters are required such as velocity fields and derived convergence/divergence
fields, ice volume fluxes, vertical heat fluxes and brine rejection from the freezing of ice.
Basin-wide observations of different sea ice parameters such as extent, concentration, motion,
thickness distribution, timing of melt onset and freeze-up, and albedo are needed to provide data for
studies of the large-scale dynamics and the thermodynamic growth of the sea ice, dependent on the
season. Time series of these parameters can be used to detect long-term trends. Different satellite
sensors have been used to gather the required information. Examples are optical instruments for
retrieval of the albedo, passive microwave radiometers for extent and concentration, scatterometers
for drift and ice type separation, and altimeters for thickness estimation. Observations of these sea
ice parameters are important as inputs to numerical models for simulation of ocean-ice-atmosphere
interactions, for weather forecasts and for predictions of climate variations. Furthermore, sea ice
observations are also important for ice navigation and offshore operation in Arctic waters
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(Johannessen et al., 2008). Most of the mentioned instruments are characterized by large swath
widths but relatively coarse spatial resolution (except the altimeters which are profiling instruments).
Some of the mentioned parameters (such as ice extent, concentration, and drift) are provided on a
(semi-) operational basis using retrieval methods by which highly accurate results are obtained under
winter conditions but which still have problems when data are from the summer season. One of the
most useful instruments for sea ice mapping under all weather and light conditions is the synthetic
aperture radar (SAR) (Fig. 3.18). SAR data can provide information about ice types, ice roughness,
drift, deformation and waves in ice.

c

a

b

d

Figure 3.18. (a) SAR image from the interior of the Arctic icepack with (b) classification of four ice
types: red is multiyesr ice, dark blue is deformed firstyear ice, green is undeformed firstyear ice and
light blue is open water or thin ice. (c) and (d) show examples of ice drift retrieval from two SAR
images in the Fram Strait taken with three days interval.

Properties of the snow cover, the fraction of melt ponds and leads, ridge heights and spacing also
play a key role in the large-scale evolution of sea ice. For their retrieval, mature methods do yet not
exist. In these cases, combinations of complementary data (optical and microwave, low- and high
resolution, satellite, airborne, ship, and ground data) are most useful for the development of retrieval
algorithms. For local scientific process studies, and for navigation and operational support in icecovered waters, more detailed information on the ice edge location, ice type distribution, degree of
ice deformation, and fraction of open water and thin ice are necessary. Information on even smallerscale properties, such as ice microscale structure, salinity and temperature, or frost flower coverage
on thin ice, is useful for understanding the local thermodynamics of ice growth, the role of sea ice in
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chemical interactions with the atmosphere, and the characteristics of the signals detected by the
remote sensing instruments. For regional and local studies, instruments with higher spatial resolution
on the order of 10-100 m are required. The swath widths of high-resolution sensors are relatively
narrow (< 500 km).
Currently the only way to measure the thickness of thicker ice (> 1 m) from satellites is through the
indirect measurement of sea ice freeboard by radar or laser altimetry. The advantage of radar
altimetry compared to the laser is the ability to make measurements regardless of the cloud cover.
The principle is outlined in Figure 3-19a. In the case of radar altimetry, freeboard estimation is
achieved by discriminating ice floe and open water (or thin ice) echo reflections from which ice
elevations are obtained using special retracking algorithms [Laxon et al., 2003]. In the last 10 years
radar altimeter data from ERS and ENVISAT have been the primary satellite based data used to
determine inter-annual changes in sea ice thickness through direct measurements of sea ice freeboard
[Giles et al., 2008a; Laxon et al., 2003]. Data from ICESat have also been used to estimate sea ice
thickness and volume although over a shorter time-scale and using the discontinuous data from that
mission [Kwok et al., 2009], using quite different techniques compared to the radar altimetry data
(lowest-level filtering combined with geoid models). In SIOS it will be particularly important to
provide validation data for the thickness retrievals using in situ, underwater and airborne observing
systems.

c	
  

Figure 3.19 (a) and (b) show the principles of measuring sea ice freeboard from satellite altimetry;
(c) shows example of ice thickness retrieval in the Arctic in February – March 2011 from IceSat
laser altimeter data.
Although satellites provide essential data on large-scale ice concentration, area and motion, there are
several key sea ice parameters where satellite remote sensing is under development. Measurement of
the vertical dimension of sea ice (ridges, freeboard, thickness, snow thickness) and thermodynamic
properties (temperature, heat flux) is possible by use of altimeters and infrared / microwave
radiometers, but the methods are not yet mature. Optical properties such as albedo can be observed,
but cloud cover and darkness prohibit systematic observations from spaceborne sensors. Many
small-scale processes and phenomena can be observed by high-resolution SAR and optical / infrared
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images, but there are no systematic and long-term observations because the data coverage is
insufficient. The main sea ice variables derived from satellite observations are described below and
summarized in Table 3.3.
•

Ice edge: The ice edge is a highly dynamic feature which can impact strongly on operations,
particularly navigation involving non-ice strengthened vessels. Relatively good temporal and
spatial resolution is required for operations and for scientific studies involving the marginal ice
zone.

•

Ice concentration: Determination of the total ice cover in the Arctic (and Antarctic) by use of
passive microwave data depends on which algorithm is used. Today there is a difference of up
to 1 million km2 in the ice area between the most commonly used algorithms. The difference is
mainly found in the Marginal Ice Zone and here there are significant differences in how
algorithms respond to the presence of young forms of ice. With higher resolution data from
SAR it will be possible to estimate ice concentration more accurately.

•

Leads and polynyas: There is a lack of data with global coverage and sufficient resolution in
time and space to observe leads in the interior of the ice pack and rapidly varying ice edge
processes in the Marginal Ice Zone. The area covered by leads is a small fraction of the total ice
cover (only about 2 to 4 %), but it is essential for estimation of the heat flux from ocean to
atmosphere.

•

Ice type: Ice type has historically been used as a proxy for ice thickness and at a crude level,
this has been a reasonable and pragmatic approach, particularly for operational applications.
SAR has been the sensor of choice for this, being able to distinguish old ice (second and multiyear) from younger ice under freezing conditions. Younger ice types have proved to be more
difficult to map from satellite imagers without significant ambiguity. The advent of polarimetric
and multi-frequency SAR capabilities should help to resolve some of these ambiguities,
although close temporal sampling is required for the youngest ice types.

•

Ice drift: There is lack of data to resolve mesoscale ice motion ( ≤ 5 km), including shear zones,
convergence and divergence. Data on mesoscale ice motion is needed to study sea ice dynamics
and to develop and validate ice models. Mesoscale ice motion is also important for
measurement of ice fluxes through straits, which is needed for estimation of the total ice budget
in the Arctic.

•

Ice thickness: Radar altimeter data will provide large-scale estimates of the ice thickness based
on measurements of freeboard, but the thickness of thin ice (< 1 m) requires additional methods
to altimeter data. Use of L-band passive microwave data can potentially be used to resolve
thickness below 0.5 m. Laser altimetry is also of potential benefit with some advantages (e.g.
lack of penetration into snow) and disadvantages (sensitivity to weather) over radar. SAR
interferometry may be able to be used in the event of a single pass system. With radar and laser
altimetry, it is possible to map freeboard and retrieve the mean ice thickness, but not ice
thickness distribution and estimation of maximum thickness. About 50 % of the sea ice volume
is found in areas of deformation.

•

Ice ridge height and concentration: SAR has the resolution that is required in principle to map
and characterise pressure ridges and other deformation features (rafting, stamukha, brash) that
are of particular interest for operations. L band SAR is considered to be more sensitive to these
features due to its longer wavelength than C and X band. L-band can therefore be used to
disciminate between deformed and level ice.

•

Snow cover: Snow depth, snow water equivalent and albedo are important variables that need to
be retrieved more reliably from satellites. Data on snow depth can be obtained from satellite
sensors such as optical (snow cover) and passive microwave data (snow depth), or higher
frequency (Ka band) SAR data, but the methods need to be improved.
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•

Melt onset and duration of melt: Passive microwave and scatterometer data have been used to
detect the onset of melt in Arctic sea ice and SAR is known to be sensitive to the presence of
free water in sea ice and its overlying snow cover. In principle, the sensors already exist to be
able to achieve the requirements for detecting the onset and duration of melt, but continuity of
data is required.

•

Surface characteristics: Both IR and passive microwave radiometry provide information on
some surface conditions related to radiative properties, such as surface temperature, but
retrieval algorithms are not yet well-established. There is a need to combine observations from
microwave and VIR sensors in order to gain a more comprehensive picture of the radiative
conditions of the ice and snow cover under all-sky conditions.

•

Icebergs. Icebergs can be monitored routinely by the use of SAR (and scatterometry has been
used in the past to monitor massive tabular Antarctic icebergs). The critical requirement is for
adequate spatial and temporal sampling. The techniques of iceberg detection are fairly well
established, although some difficulties can exist in detecting icebergs within sea ice.

Table 3.3 Sea ice variables observed by remote-sensing data

Variable

Ice concentration, extent,
area, edge

Leads and polynyas

Ice type classification:
new/young ice, first-year
ice, multi-year ice

Ice drift

EM spectrum range
/ sensor type

Most common existing
satellites/sensors

Some approved
satellites/sensors

Passive MW
Scatterometer
SAR
VIR 2

SSMI, AMSR-E,
MetOp, ASCAT,
Cosmo-Skymed, Radarsat-2,
TerraSAR-X, Envisat
AVHRR, MODIS, MERIS

Sentinel-1,
AMSR/GCOMPOESS
ATMS/NPP & JPSS

SAR, VIR

Cosmo-Skymed, Radarsat-2,
TerraSAR-X, Envisat
AVHRR, MODIS, MERIS

Risat-1, ALOS-2, SAOCOM,
Sentinel-1, Radarsat-C,
TerraSAR-X2, Sentinel-3,
NPOESS

Envisat, Radarsat-2, CosmoSkymed, TerraSAR-X,
AVHRR, MODIS, AMSR-E

Risat-1, ALOS-2, SAOCOM,
Sentinel-1, Radarsat-C,
TerraSAR-X2

SSMI, AMSR-E,
Quickscat, MetOp,
Cosmo-Skymed, Radarsat-2,
TerraSAR-X, Envisat

Risat-1, ALOS-2, SAOCOM,
Sentinel-1, Radarsat-C,
TerraSAR-X2,
AMSR/GCOM

SAR
Passive MW
VIR
Passive MW
Scatterometer
SAR

Ice thickness

Radar altimeter
Laser altimeter,
IR
Passive MW

Envisat?IceSat,
Cryosat-2,

Ridge height and
concentration

Radar and laser
Altimeter, SAR

IceSat
TerraSAR-X, CosmoSkymed, Radarsat-2

CryoSat, IceSat-2, Risat-1,
ALOS-2, SAOCOM,
Sentinel-1, Radarsat-3,
TerraSAR-X2

Snow cover

Passive MW
Ku/Ka SAR?

AMSR-E

OLCI, SLSTR/Sentinel-3
VIIRS/JPSS
SSM/IS/DMSP
(CoreH2O)

Melt onset and duration

Passive MW,
Scatterometer

AMSR-E,
ASCAT

AMSR/GCOM

IceSat-2 (planned)
Sentinel-3

2

VIR: visible and infrared part of the EM specrum: 0.3 – ≈10 mm. VNIR: Visable and near infrared
part of the EM spectrum: 0.3 – ≈1.1 mm TIR: Thermal infrared: around 10 mm . SWIR: short wavelength
infrared
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Cosmo-Skymed, Radarsat-2,
TerraSAR-X, Envisat

Risat-1, SAOCOM, Sentinel1, Radarsat-3, TerraSAR-X2

Surface characteristics

VIR,
Passive MW

MODIS, METOP

Sentinel-3, NPOESS

Icebergs

High resolution
optical and SAR
images

Radarsat-2, TerraSAR-X,
Cosmo-Skymed,
SPOT, ASTER

Risat-1, ALOS-2, SAOCOM,
Sentinel-1, Radarsat-3,
TerraSAR-X2
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Terrestrial cryosphere

Svalbard glaciers and ice caps are some of the best studied in the Arctic and use of various EO data
is an important component in these studies (e.g. Kaab et al., 2005, Kohler et al., 2007, Moholt et al.,
2010). In Svalbard a wide range of glacier types can be found within the different environmental
zones and can be studied with relatively easy access. A generally prioritized research application for
arctic regions is the validation of EO retrievals. Therefore, for land cryosphere applications, a
prioritized research duty is seeking new and refined methods; 1) to make better use of the sparse
ground truth data available, and 2) seek optimal sampling techniques, methods and strategies to
make more valuable and reliable in situ measurements relevant for EO validation. These will help
signal understanding and guide the future development of space borne sensors and help determine
optimal sensor settings and acquisition strategies.

	
  

Figure 3.20. Average 2003–2008 glacier elevation change rates (dh/dt) across the Svalbard
archipelago. Most of the dh/dt rectangles represent the plane method, but clusters from the DEM
method are also present where there are no planes (from Moholt et al., 2010).
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To improve operational services, interoperability as well as robustness, algorithms that can combine
and fuse data from various sensors should be prioritised. High-resolution optical sensors will be
important for many of the applications – but due to the weather and light conditions in the North,
much emphasis must be put on the analysis of multi-polarization, multi-frequency, multi-temporal
radar data now being available.
Several of the glacial and ice cap remote sensing algorithms and products are depending on
knowledge of surface topography to extract reliable and accurate geophysical data. Due to the
dynamic nature of glaciers and ice caps, their elevation changes with time. Thus, for processing of
long time series, it will be crucial to use a terrain model relevant for the specific epoch of the input
data, especially with new upcoming high resolution sensors. It is therefore, from a remote sensing
perspective, important to have available not only a most up-to-date digital elevation model - but also
a historic record of time series of elevation change.
Prioritized specific research tasks include the following:
3.3.1

Surface elevation, elevation change and mass balance

Satellite radar altimetry has been used to measure elevation changes and elevation in Greenland and
Antarctica since the late 1970s. The large footprint size of satellite altimeters has made it difficult to
apply these measurements to higher relief glaciers and ice caps such as on Svalbard. With the faster
response time of smaller glaciers to climate change, there is a need to evaluate and use newer, higher
resolution altimeters like the CryoSat-2 and planned altimeters such as on the Sentinel 3 family, as
well as NASA’s ICESat II laser altimeter. Elevation data from such platforms can provide elevation
data sets that can be compared to maps/ DEMs, as well as airborne altimetry and to each other, to
monitor ice volume changes. Not only the large footprint has been a limiting factor, the repetition
cycle as well as distance between tracks and cross over points have made interpretation difficult.
Higher point density and repeat cycles are crucial for smaller high relief glacier and ice caps, typical
for Svalbard (Moholdt et al. 2010). Despite the new generation radar altimeters, only the largest ice
covered areas in Svalbard with low surface undulation are feasible to measure using radar altimetry.

Fig 3.21. Comparison of air and-ground based radar measurements during Cryosat Cal/Val work
on Austfonna, Svalbard. Photo (top) shows corner reflector and ground based Ku-band radar.
Lower raster image shows air-borne ASIRAS data, mimicking Cryosat-2.
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Multi-band optical and SAR instruments with stereo imaging capabilities are today used to construct
digital terrain models. The pointing capability of some optical instruments allows the production of
stereo images from data gathered on a single orbit (e.g. by ASTER) or multiple orbits (e.g. by SPOT
series). To gain high spatial resolution, the size of the generated terrain models is limited to smaller
areas.
Space borne gravity measurements, such as from GRACE, have been shown useful to put today’s
observed mass loss from Svalbard land ice masses into a wider context, as well as for verification of
the magnitude of mass loss from Svalbard, using an independent measurement technique. The
resolution of today’s space borne gravity measurements is coarse for Svalbard applications, but is
anyway an important mean to gain and constrain measurements using land or other space borne
measurements.
3.3.2

Surface type and facie

Glacier surface type and zones (here referred to last year’s summer surface and not the winter snow
surface) can be determined using active remote sensing such as SAR and altimeter waveforms, using
either pixel- or object-oriented classification. Changes in area of these zones can serve as a glacier
and ice cap change proxy. The reason for changes can be many, for example climate or dynamic
instability as well as combinations.
For example the radar backscatter signal of glaciers and ice sheets is closely linked to the diagenetic
glacier facies. Whereas some papers demonstrated that diagenetic glacier facies can be characterized
by means of distinct radar backscatter signatures and by in situ observations of snow morphology (
König et al., 2004; Partington, 1998) the suggested techniques are not mature today for an extensive
use.
For summer conditions, multi- and hyper-spectral and high resolution optical data has shown great
potential to give new insights in surface processes and surface change detection at summer time. A
new generation of optical sensors with both high spatial and temporal resolution creates the link
between field data and medium resolution optical data.
Fusion of various sensor data and algorithms to get as high quality and good spatial and temporal
coverage as possible should be prioritized. For winter, the only feasible data today are active
instruments such as SAR and altimeter data. Due to slow change in surface properties at winter time,
fusion of multi temporal SAR data to minimize speckle and keep high spatial resolution should be
prioritized. For long term monitoring of change, annual maps showing end of the melt season
situation with high spatial detail (preferable < 20 m in resolution) are most appropriate.
High resolution optical data is most appropriate during the melt season to map snow line and surface
hydrology. Due to cloud cover, the robustness of such products is today limited for monitoring due
to data gaps or data not directly comparable since timing of images might not be appropriate for the
purpose. For flat and low relief glaciers, the resolution to map snow left on the glacier surface does
not have to be especially high, For high relief glaciers on the other hand, a small offset in horizontal
position can mean a relatively large difference in elevation of the estimate, making snow line
mapping less useful without high resolution (<10 m). To map surface drainage, high resolution
surface structures are mandatory (<5 m). ). In addition maps of (melting) snow extent in late
summer, which are useful input for models of glacier mass balance, applying C-band and X-band
SAR images, have been successfully applied in various glacier regions. The use of multi-frequency
SAR data would offer some improvement, in particular in case of freezing surface crust or in
crevasse zones.
3.3.3

Glacier boundary and inventory

A historic and up to date glacial inventory comprising outlines, center flow lines, hypsometry and
similar parameters will provide the community with data for later comparison, crucial for monitoring
of glacial change as well as understanding of its effects. GLIMS is a global initiative also covering
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Svalbard. Newer high resolution, multi- and hyper-spectral sensors with high temporal density open
for new opportunities by giving higher quality data, as well as new challenges regarding algorithm
development for optimal sampling and instrument settings.
3.3.4

Glacier velocity/dynamics and change detection

Glacier and ice cap dynamics have turned out to be more variable than often believed and difficult to
interpret due to poor spatial and temporal resolution of measurements. Interferometry and feature
tracking have been used to map velocity fields in the past from space. Future satellite constellations,
giving higher resolution as well as better temporal coverage, will improve the importance of these
measurements and serve as a baseline data set. Future challenges are finding and identifying optimal
sampling and instrument settings and constellations giving the most accurate as well as best spatially
and temporally resolved velocity fields.
Due to the change in surface properties between winter and summer, a combination and fusion of
optical and SAR data is today necessary to get inter annual snapshots of velocity fields. The chosen
type of sensor will also strongly depend on the specific target properties, i.e. a fast flowing glacier
requires different techniques and repletion cycle compared to slow flowing glacier.
Therefore, the most relevant EO missions depend on purpose and season: For glaciers with a
significant degree of variability in surface backscatter, and moving fast relative to their change in
surface properties, feature tracking is suitable. For feature tracking both optical and SAR are
useable. For ice with less relief, SAR interferometric methods, and different repeat cycles, are likely
more appropriate. Current missions include Envisat, TerraSAR-X and ALOS. In future, ESA’s
Sentinel-1 and the ALOS-2 mission will also contribute to such information.
3.3.5

Snow thickness, density, snow water equivalent, wetness and surface melt

Snow significantly modifies the ground surface properties. Lots of efforts have been put into
mapping snow parameters such as: depth, density, wetness etc. Various products based on remote
sensing are available, but the spatial and temporal resolution, as well as accuracy, are often poor and
not well constrained. Optical imaging sensors operating at visible and near infrared wavelengths
supply information on the areal extent and albedo of snow cover. Widely used sensors are the
Advanced Very High Resolution Radiometer (AVHRR) on NOAA and METOP satellites, the
Moderate Resolution Imaging Spectroradiometer (MODIS) on the Terra and Aqua satellites, and the
Advanced Along Track Scanning Radiometer (AATSR) on Envisat which is used in the ESA DUE
project GlobSnow to produce global snow maps. However, optical sensors suffer from cloud cover
and deliver no information on SWE. C-band imaging radar (SAR) sensors, operating on Radarsat,
Envisat and the upcoming Sentinel-1, can be applied for mapping the extent of melting snow, using
a change detection algorithm (Nagler and Rott, 2000). However, C-band radar is not sensitive to dry
snow and to SWE. Regarding SWE and snow depth, satellite-borne microwave radiometry is
presently the only option for mapping these parameters over large areas. Due to the coarse
resolution, these retrievals are suitable for expanded regions with homogenous snowpack and land
cover, but are missing the requirements in hilly and mountainous terrain. Even in areas with
moderate topography the snowpack can be quite heterogeneous due to snow drift or complex land
cover, affecting the quality of the derived snow cover (Berezovskaya et al., 2010).
Fusion of active and passive sensors and algorithms as well as usage of new higher temporal and
spatial resolution sensors combined with increased spectra (as for example SAR data at X band
provided by TerraSAR-X and CosmoSkyMed missions) should be prioritised to improve today’s
often poor snow products. The approval of the future ESA’s mission CoReH2O mission , which is
specifically devoted to the measure of SWE, could provide a significant improvement in this area.
Snow depth as well as properties can show great spatial and temporal variability. To capture
processes fusion of multiple data sources is necessary to gain high enough spatial and temporal
resolution. For long-term monitoring, robustness is more important than spatial and temporal
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resolution and should be prioritised before resolution.
3.3.6

Surface albedo and reflectance

Albedo and reflectance are crucial parameters for the ground energy balance. Despite their
importance their parameterisation in climate models is often poor and their spatial and temporal
variability relatively crudely incorporated in the models. To remotely measure albedo and
reflectance from space with a higher spatial and temporal resolution and accuracy is therefore highly
important.
The surface albedo and reflectance is today estimated from space using mainly multi-spectral
imagers such as AATSR, AVHRR, MODIS, MERIS.
The albedo and reflectance is strongly connected to the snow properties or lack of snow. Time series
are therefore strongly correlated with snow melt as well as length of the snow free period. Since the
measurements are influenced by cloud cover and aerosols, revised algorithms, utilizing the
upcoming sensors comprising more channels should be prioritized to make more robust estimates
and the measurements less weather dependent. Also, in conjunction with albedo and reflectance
studies, quantification of soot and black carbon using remote sensing is a topic of increasing interest.
3.3.7

Calving

The calving rate from Svalbard glaciers and its role for the Svalbard mass balance is today poorly
known. Calving has proved difficult to measure with a good spatial and temporal accuracy. Since the
calving is temporarily highly variable, and the size of the formed icebergs is small compared to the
spatial and temporal resolution of many of today’s sensors, reliable products are not available other
than a few research datasets. Utilization of new high resolution SAR and optical sensors combined
with finding optimal sensor settings is therefore a high research priority.
For process studies and estimation of inter annual calving variability, a combination of high
resolution sensors is likely the most promising. A ground resolution of 1-5 m, and usage of multiple
sensors to gain high temporal resolution, daily or sub daily, is necessary for process studies or
prototyping. For long-term monitoring, high resolution records to map the change in front position
(resolution of 1-10 m) combined with velocity estimates of the near front ice is most feasible.
Table 3.4 Land ice variables observed by remote-sensing data

Variable

Most common existing
satellites/sensors

EM sensor type (most
relevant sensors)

Surface elevation, and
elevation change

Radar and laser
altimetry, high
resolution stereoscope,
gravity

Surface type, facie and
balance area

SAR, radar altimeters
and optical. Both singleand multi-channel SAR
and multi- and hyperspectral data, as well as
combined SAR/ optical
data.

Glacier boundary

Optical, SAR
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Cryosat, ICESat, SPOT-5
HRS (CNES), ASTER (METI
& NASA), TerraSAR-X
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(ALOS (JAXA & METI)),
CosmoSkyMed (ASI &
MiD), TerraSAR-X (DLR),
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(ESA), Cryosat (ESA),
ASTER, RapidEye
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RapidEye (DLR), Landsat
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LDCM (NASA & USGS), ,
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RS C, Sentinel 1 (ESA &
EC)

SAR, optical

RS-2, CosmoSkyMed,
TerraSAR-X, PALSAR
(ALOS), TerraSAR-X,
ENVISAT (InSAR), ASTER,
SPOT

Sentinel 1 (ESA & EC),
Sentinel 2, ALOS-2

Snow thickness, snow
density, snow wetness

Both active and passive
sensors

Envisat, RS2,
CosmoSkyMed, TerraSAR-X

RS C, CoReH2O, Sentinel-1,
ALOS-2

Snow melt and area

Optical, SAR

RS2, TerraSARX, Cosmo
SkyMed, PALSAR, Landsat7, Spot, ASTER, RapidEye

ALOS-2 L-band SAR,
Sentinel 1 (ESA & EC)
RS C, Sentinel 2, LDCM

Albedo and reflectance

Mainly multi-spectral
imagers

AATSR (ESA), AVHRR
(NOAA), MODIS (NASA),
MERIS (ESA)

Sentinel-2, LDCM (NASA &
USGS)

Calving, grounding line
and floating ice tongues

SAR, Optical

RS2,TerraSAR-X,
CosmoSkyMed, Spot,
RapidEye

Sentinel 1 (ESA & EC), RS
C, ALOS-2, Sentinel 2,
LDCM

Lake ice freeze/break
up

Optical, SAR, radar and
laser altimetry
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Permafrost

In permafrost regions, subsurface earth materials remain at or below 0°C continuously for two or
more years. Permafrost is widespread in the Arctic, high mountain regions, and ice-free areas of
the Antarctic. The need for systematic observations of such regions is justified by their
potential role as sources of greenhouse gases. When the upper permafrost layer thaws during
summer, organic matter decomposes. This process causes a release of methane and carbon
dioxide into the atmosphere. The recent understanding is that higher air temperatures over
permafrost regions increase the concentrations of methane and carbon dioxide in the
atmosphere, which contributes to further warming [Hassol, 2004, Chapter 2]. Another problem
is the disruption of transportation and infrastructure during summer. Many industrial activities
and northern communities in the permafrost zones of the Arctic depend on frozen ground
surfaces. Rising temperatures are already leading to a shortening of the season for transport and
to structural failures of buildings and other infrastructure. Svalbard is among the regions that
have been studied in more detail, providing excellent logistics and opportunity for necessary
international and interdisciplinary research.
Since permafrost is a subsurface phenomenon, it cannot be directly observed from space.
Therefore, changes of surface properties and processes that are related to variations of
parameters characterizing the permafrost layer (such as depth of thawing during summer and
amount of ice volumetric fraction) are used as indirect evidence. Indicators are, for example,
variations in vegetation, lake dynamics, the evolution of ice wedge polygons, slope failures, and
surface elevation changes which have to be related to geomorphology, biochemical parameters,
and hydrological and meteorological conditions, e. g. [Duguay et al., 2005], [Etzelmüller,
2001], [Peddle and Franklin,1993]. Hence, various types of satellite sensors (optical,
microwave, passive and active) have to be used, dependent on the respective mapping task. Data
from passive microwave sensors or from scatterometers can be employed to detect surface soil
freeze and thaw cycles based on their sensitivity to soil moisture [Zhang and Armstrong, 2001],
[Bartsch et al., 2007]. Creeping permafrost and slope failures in mountain regions can be
observed by means of radar interferometry (InSAR) [Kääb, 2005]. Figure 3.19 shows example
surface displacement detected by satellite InSAR over a study area on Kapp Linné on Svalbard
[Larsen et al., 2011]. The form and magnitude of the observed nonlinear displacement correspond
well with the high resolution field observations recorded by the nearby Nordenskiold Land
Permafrost Observatory Kapp Linné solifluction station, established by UNIS as part of the IPY TSP
NORWAY research project, recording the ground surface displacement in one point in the same
period as the SAR acquisitions.
Despite these few studies employing satellite data, permafrost is currently monitored mainly
through ground-based point measurements. Field measurements of carbon dioxide and methane
emission are essential since they help to link gas release to the properties of the soil,
vegetation, and terrain characteristics. The results are a basis for the development of computer
models, which are used to simulate greenhouse gas emissions from thawing permafrost soils.
Secondly, there is a clear need to extend the use of satellite-based sensors to supplement groundbased measurements and extend the spatially and temporally limited point observations to the
broader spatial domain. Techniques are neither well developed nor validated. [IGOS, 2007,
Chapter 9]. Typical for permafrost regions is a strong local and interannual variability of
surface characteristics. Hence, in particular sensors with a high spatial resolution are needed,
providing for example data on snow coverage, soil moisture, water bodies, vegetation
characteristics, and terrain morphology with a good areal and temporal coverage.
Geological mapping of land and sea areas is a prioritised task in the Arctic regions, e.g. in the
Norwegian government´s strategy for the High North. The landscape of Svalbard is undergoing
rapid changes, enhanced by melting of glacier and ground ice. The highly visible and extremely
rapid processes taking place at Svalbard are resulting in major changes in the landscape over
geologically very short periods of time. To better understand these processes and their
interconnection with possible changes in Arctic climate are considered extremely important.
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Geology in Svalbard is not obscured by vegetation, and remote sensing data are thus crucial for rapid
and precise mapping. The data used for permafrost studies, including satellite data combined with
high-resolution DEM and air photos, may thus equally well serve as a fundamental dataset for
general Quaternary mapping at a range of scales depending on the local needs.
An up-to-date Quaternary geological map, particularly in key areas, will provide a necessary
baseline for the current state in the Arctic and will aid future studies of geology and landscape
evolution of the archipelago. The Arctic and Svalbard is vulnerable to enhanced erosional processes
in many places and modern maps and associated databases would be instrumental in order to fully
assess the future effects of climatic change and melting of glaciers. Already today there are ongoing
point studies in Svalbard concerning permafrost and geohazards related to changes in slope stability.
These research projects are in great need of consistent Quaternary maps to put the studies into a
wider context. In addition, the studies and resulting maps will increase our general understanding of
glacial processes and the effects of erosion and deposition in the coastal zone. Since Svalbard is one
of the most easily accessible Arctic areas, the maps and databases will have considerable value for
future research and education, not only in Svalbard, but also in Norway and beyond.
Remote sensing derived avalanche inventory data for decision support and hindcast after avalanche
events can be extracted from high resolution optical satellites like Pleiades, see ESA Avalanche
project. The Northern Periphery SNAPS (Snow and Avalanche applications) project aims to
combine the use of high-resolution weather forecasts, application models, satellite
remotesensing data and observations to generate services for rural areas that will: a) enhance
transportation safety, b) improve efficiency of road management and c) reduce the risk of weather
related damages to infrastructure and economic activities.
Important observables are listed below, and observation requirements for space-borne
instruments are given in Table 3.5 and the most important satellites are listed I Table 3.6.
− Surface properties such as morphology, vegetation, temperature: Spatially very highresolution (0.2 m to 5 m), multi-spectral sensors operating in the visible and infrared
spectrum and thermal sensors are needed for the detailed investigation of periglacial
tundra landscapes with their complex patterns developing due to permafrost processes.
Corresponding field data on surface and sub-surface characteristics are essential, in
combination with measurements of methane and carbon dioxide emission.
− Freeze and thaw cycles on local and regional scales: Methods based on data from passive
and active microwave sensors, should be further developed to detect the timing,
frequency, duration, and areal extent of near-surface soil freeze/thaw transitions.
− Digital elevation models (DEMs) and surface movements: Lowland / low relief DEMs are
needed to study changes in surface elevation. Adequate data could be delivered by optical
sensors with stereo capability, radar (e. g. interferometric processing), or space-based
LIDAR sensors.
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Figure 3.22. TerraSAR-X based InSAR results from a study area on Kapp Linné on Svalbard. Mean
surface displacement is illustrated with red color as subsidence, and time-series of line-of-sight
displacement, for 2009 (upper panel) and 2010 (lower panel).

Table 3.5 Observation requirements for permafrost key parameters. Source: [ESA DUE document,
2009].
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Table 3.6. Satellite sensors for permafrost studies
SAR sensors

Agency

Time Period

Input format

ERS-1/2

ESA

1992-2001

RAW/SLC

35

20-100 m

Envisat ASAR

ESA

2002-2010

SLC

35

20-100 m

Radarsat-2

CSA

2008-

SLC

24

5-100 m

TerraSAR-X

Astrium

2007-

SLC

11

3-10 m

Sentinel-1a

ESA

2013?

RAW/SLC

12

20-100 m

Sentinel-1b

ESA

2015?

RAW/SLC

6

20-100 m
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Arctic terrestrial ecosystems are predicted to experience some of the most rapid changes in climate
over the coming decades. Although these ecosystems are often described as ‘simple’, in reality they
include examples across a wide range of complexity, providing an un-paralleled research tool to
address fundamental questions relating to ecosystem structure, function and stability, particularly in
a changing environmental context. The study of biodiversity is a fundamental and baseline
requirement. For its latitude, the traditional biodiversity (i.e. species richness) of the Svalbard
archipelago is remarkable, in part because in a relatively small and accessible geographical area,
examples are found of many of the different types of ecosystems and biological communities found
over much wider spatial scales in other regions of the Arctic.
In contrast to other research disciplines, terrestrial biosphere research in Svalbard is rather
fragmented and so far lacks a coordinated approach. Existing sites are, to a large degree, chosen
based on accessibility and logistics criteria and suffer thus from multiple human impacts. Scaling up
using EO data can overcome the modest spatial coverage of the research and terrestrial monitoring
network in Svalbard, hence EO data is essential for bridging the gap between site based and
landscape based mapping and monitoring of the Arctic.
A general research priority for arctic regions is calibration and validation of EO data in order to
overcome the shortcomings of the applicability of EO data. The following research priorities are
identified: a) optimal use of sparse series of available ground truth data from Svalbard; b)
identification of optimal sampling techniques for the remote sites in the archipelago; refinement of
methods for robust and reliable in situ measurements relevant for EO validation.
At lower latitudes, vegetation status can usually be mapped quite effectively using simple vegetation
indices. These are based, with more or less sophistication, on the ratio of the measured reflectances
of a vegetated surface in the near-infrared and red bands of the electromagnetic spectrum, and it can
often be assumed that the vegetation index is strongly correlated with the 'amount' (biomass or leaf
area index) of the vegetation. One of the problems here is that sparse vegetated tundra types like the
stone tundra with complete crustose lichen cover with low amount of biomass of only 20 g m-2 can
have the same NDVI-value as a dense dwarf shrub tundra where the biomass is typically 1000 g m-2
(Rees et al. 1998). The values here are taken from the Kola Peninsula in Arctic Russia, hence the
problems utilizing such vegetation indices in Svalbard might be larger. Also, moss covered tundra
types can be confused with other tundra types if the first ones are in a wet state. One of the key
problems identified here are to adjust and improve the most important vegetation indices (NDVI,
NDWI, EVI etc.) taking into account the low sun elevation in the Arctic. This will enable more
efficient understanding of the EO data and guide the future development of optimal space borne
sensors and acquisition strategies for monitoring of the terrestrial biosphere in the Arctic. It is
therefore essential that the arctic terrestrial ecosystems are mapped and monitored in different
scales/spatial resolutions and different parts of the electromagnetic spectrum using optical, SAR and
passive microwave sensors (Table 3.6).
In order to have a true and contemporary baseline for quantifying present state and future change of
the terrestrial biosphere, calibration and validation sites equipped with spectro-radiometers and other
relevant instruments at pristine locations, representing the full scope of terrestrial ecosystems
(different vegetation types/tundra types) in order to detect changes on Svalbard have to be
established. This system has to be combined with the establishment of meteorological/geophysical
stations on the same sites that cover all relevant geophysical parameters influencing the ecosystem
including snow and ice conditions (KT5, KT7) as well as parameters that reflect the transport of
energy, nutrients and pollutants (KT4, 7, 9 and 10).
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Vegetation and land cover mapping

Remote sensing has proved to be a powerful tool in detecting, mapping and monitoring the
occurrence and distribution of Arctic ecosystems at different levels. Remote sensing data spans a
variety of spatial and temporal scales and can portray the ground layer with a resolution better than
one meter for the most high-resolution satellites. Two main types of data are available from satellites
today, radar and optical satellite data. Radar data has the potential to monitor glaciers, snow and ice
conditions and properties, while optical sensors can be used to monitor vegetation structures at the
most detailed level. Medium scale satellite data are well suited to monitor changes at community and
landscape level, while coarse scale satellite data are designed to perform monitoring at national and
global level. Vegetation mapping based on optical satellite images has been performed since the first
Landsat satellite was launched in 1972 (Hoffner et al. 1975, Lillesand & Kiefer 1979, Price et al.
1992). The research basis for such mapping rests on differences in reflectance properties between
vegetation communities and differences in stand growing conditions. Fertile vegetation on dry
substrate is characterized by chlorophyll absorption in the visible red part of the spectrum and high
reflectance values in the in near- (NIR) and mid-infrared (MIR) wavelengths. Corresponding
vegetation on wet subsoil shows lowered reflectance values in MIR wavelengths. For community
types rich in lichen the visible and NIR reflectance values are generally high. The MIR reflectance
varies with differences in moisture content in the lichen carpet.
The differences in spectral pattern between objects give opportunity to classify satellite images using
conventional classification methods and by this separate different community types from each other.
Several classification methods are available combined with a range of classification algorithms.
However, the creation of land cover maps from a combination of satellite data, ancillary map data
and inventory data is seldom a straightforward process. Sets of elements are to be put together into a
full map production scheme involving several factors that influence the final outcome. Factors that
must be considered during the mapping process include the quality of the available satellite data, the
quality and geo-location of the reference data; the spatial properties of the inventory unit, the
heterogeneity of the landscape being mapped; the radiometric pre-processing of the satellite
imagery; the thematic classification scheme; methods used to classify the satellite data; and datasets
available for accuracy assessment. Despite the existence of inventories and satellite data over several
decades, some aspects of their combined use are still under development.
The challenges related to mapping and monitoring Arctic areas are not to be underestimated. Arctic
ecosystems are complex systems consisting of biological, physical, hydrological, and structural
components that interact across a wide range of temporal and spatial scales. The vegetation cover
varies from sparsely vegetated polar deserts to more densely vegetated community types of shortstemmed perennial herbs, low-growing prostrate shrubs, lichens and mosses. The growing season is
short and terrestrial plants have to compete duiring this short. For arctic areas climate parameters,
mainly associated to low temperatures and water deficient, are the main determinant for limiting the
northern ranges of vegetation and plant growth (Tuhkanen 1984, Moen 1999, Karlsen et al. 2005).
Due to harsh climate conditions arctic areas are characterized by open landscapes. Exposed ridges,
sedimentation flats, gravelly river fans, steep talus slopes, recent moraines as well as bare rocks,
boulder and gravel fields are landscape elements characterizing large areas. The ground layer is
characterized by permafrost giving rise to tundra polygons in the mountain areas and earth hummock
fields on the flat valley bottom. Organic materials are accumulated in moist bog areas with poor
drainage. In such areas permafrost is often found near the surface due to the good insulation
properties of the peat layer, and melting therefore requires a greater amount of heat than in dryer
areas. When melting occurs, small ponds, dams and lakes are formed. All these factors need to be
further investigated through calibration and validation activities mentioned in section 3.5.1.
Baseline vegetation map
The most recent vegetation map produced for the entire Svalbard was published by Johansen et. al.
(2009, 2011 (in print)). The map is based on satellite images where several Landsat TM/ETM+
images were processed through six operational stages involving: (1) automatic image classification,
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(2) spectral similarity analysis, (3) generation of classified image mosaics, (4) ancillary data
analysis, (5) contextual correction, and (6) standardization of the final map products. The developed
map is differentiated into 18 map units interpreted from 37 spectral classes. Among the 18 units
separated six of the units comprise rivers, lakes and inland waters, glaciers, as well as non- to
sparsely vegetated areas. The vegetation of the remaining units varies from dense marshes and moss
tundra communities to sparsely vegetated polar deserts and moist gravel snowbeds. The accuracy of
the map is evaluated in areas were access to traditional maps has been available. The vegetation
density and fertility are reflected in computed NDVI values. The map product is in digital format,
which gives the opportunity to produce maps at different scales and can act as the baseline map for
future vegetation mapping and monitoring as well as for calibration and validation purposes.

3.5.3

Growing season (phenology)

Changes in the timing of the growing season are among the most sensitive and immediate responses
to changes in the climate in the Arctic. The biological impacts of changes in the growing season are
multiple as it controls the rythm of the ecosystems. The growing season highly regulates the
population dynamics and migration pattern of most birds, animals, and insects. For instance the
reindeer may migrate long distances according to the seasonal changes. Changes in the growing
season are important for the feedback loop to the climate. For instance earlier onset of the growing
season, with earlier green vegetation, means that the amount of solar radiation converted to heath
increases. Changes in the growing season may also influence the tourist industry. The regional
pattern of the onset, end, and length of the growing season can be measured by sensors with medium
resolution and daily temporal resolution data as for instance MODIS data with 250/500m resolution.
For mapping of the onset of the growing season NDVI is useful, while to define of the end of the
growing season the SWIR bands should be included (Fig. 3.23).

Figure 3.23. Map showing central parts of Svalbard. Onset of the growing season, interpreted as
onset of flowering of Arctic willow (Salix polaris). Based on MODIS-NDVI data and showing mean
values for the 2000-2010 period. Source: Norut.
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However, 250/500m spatial resolution does not easily catch the differences in onset and end of the
growing season on ridges vs. snowbeds, and may therefore lead to different definitions of onset/end
in snow-rich oceanic areas vs. continental parts with less precipitations as snow. To catch the ridgesnowbed differences, high-resolution sensors with 10m or better as for instance Formosat-2 or
Sentinel-2 are needed. All growing season mapping must be validated from field observations
collected on a scale that is comparable with the sensor used. For high-resolution sensors the images
can be validated from automatic cameras placed in the field at selected vegetation types.

3.5.4

Biophysical properties - phytomass, NDVI and LAI

Primay production is a fundamental aspect of ecosystem functioning that sets the energy available
for other trophic levels (McNaugh et al. 1989). It is particularly important for the management of
arid and northern ecosystems to understand the factors controlling phytomass production. Several
studies state that the mean aboveground net primary production (ANPP) of arid systems is strongly
correlated with mean annual precipitation (Wiegand et al. 2004), while temperature is the main
controlling factor for northern and Arctic systems (Keeling et al 1996). Satellite data analyses have
proven the relationship between the normalized difference vegetation index (NDVI) and vegetation
productivity. Further the link between this index and the fraction of absorbed photosynthetically
active radiation intercepted (fAPAR) has been well documented, both theoretically and empirically.
The areas of Svalbard are well suited for studies of the relationship between temperature, in
particular, and different aspects of plant growth as expressed through the mentioned vegetation
indices. In general the photosynthetic activity, respiration and transpiration decreases with
decreasing temperature. This is the case when moving into the eastern and northernmost parts of
Svalbard from the central regions, as well as from the lowland to the mountain areas. By performing
recording along the two mentioned gradients the variability of the vegetation cover can be deduced,
combined with temperature demands for a set of Arctic species. The variation in vegetation cover is
most often expressed in vegetation maps outlined as vegetation communities. By establishing the
inter-link between phytomass and established vegetation communities, larger areas can be modeled
in the second regional approach. The relationship between phytomass and NDVI can further be
studied by superimposing the phytomass data into time series of satellite data from the MODIS
sensor (or Formosat data). The MODIS sensor provides NDVI data on a weak basis, which gives an
opportunity to map the “greening” of different areas and different community types throughout the
year. In future, data from Sentinel 2 and 3 will provide important data (Table 3.6). Finally the
spatial estimation of phytomass data can serve as important input in herbivore studies on Svalbard
(reindeer, geese).

3.5.5

Greenhouse gas monitoring

Ecosystem carbon fluxes can be measured with different methods: in situ with closed chambers and
eddy covariance towers, aircraft measurements and remote sensing. The spatial applicability of these
methods range from sites in different ecosystems to regional scale and each of them has different
weakness and strength and specific requirements (topography, homogeneity, fetch, etc.). In situ
networks provide high accuracy and long-term data, but they have limited spatial coverage, derived
fluxes are sensitive to assumed vertical transport and have limited usefulness for satellites. Remote
sensing measurements sample the whole atmosphere, and they are not dependent on vertical mixing
and provide global coverage. However, the spatial resolution is poor, hence a link between in situ
and remotely sensed data is needed. Many authors have compared these different systems and
discussed their advantages and disadvantages, and the importance of combining methods working at
different scales has been pointed out. In particular, the linkage of ecosystem fluxes measured with
the eddy covariance technique and remotely sensed information is foreseen as the most promising
method for scaling up surface fluxes, and to overcome the modest spatial coverage of the eddy
covariance sites in the regional estimation of CO2 fluxes and methane. Scaling up can overcome the
modest spatial coverage of the eddy covariance sites in the regional estimation of CO2 fluxes and
methane. Using spectro-radiometers and solar FTIR-spectrometry at the same site as the eddy
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covariance towers (Fig, 3.24) provides such a bridge between in situ and remotely sensed data. This
will provide careful validation of the satellite retrievals. This includes the detection of a potential
spatial bias and temporal drift in the spaceborne data and calibration of remotely sensed GHGs
against the in situ reference scale.

Figure 3.24. In situ measurements with solar FTIR, spectro-radiometers and eddy covariance
towers (In-Situ) can be linked to satellite remote sensing. Source: www.icos-infrastructure.eu/
The PRI (Photochemical Reflectance Index) is one of the few spectral indices that have been shown
to be a sensitive indicator of seasonal and diurnal variations in photosynthetic light use efficiency,
and its use is therefore particularly attractive in remote measurement of ε which is of
importance in regional up-scaling of CO2 fluxes. Also MIR is important for up-scaling of CO2 fluxes.
(COST ACTION EUROSPEC; Spectral sampling tools for vegetation Biophysical Parameters and
Flux measurements in Europe: http://cost-es0903.fem-environment.eu/). Measurements of CO2, CH4
,N2O on the ground by Eddy-Covariance towers in concert with spectro-radiometers/other relevant
instruments in order to calibrate existing (IBKU-GOSAT) and future satellite sensors/missions like
OCO II, Sentinel 4-5 are essential ( See also KT6). SIOS should consider using existing EddyCovariance towers in combination with establishment of spectro-radiometers for measurements of
reflectances in Svalbard. They should be put in a network connected to ICOS or other greenhouse
gas networks. However, a new station in the eastern/north-eastern part of Svalbard is needed to
cover the tundra-vegetation types here (Edgeøya and/or Nordaustlandet). In Table 3.6, key
parameters for greenhouse gas monitoring are listed.

3.5.6

Local air pollution

Local pollution effects on vegetation can be detected and monitored using traditional sensors like
Landsat TM/ETM+, SPOT and IRS-P6. New sensors on Rapid Eye and WW-2 have “red-edge”
bands that can be used for detailed detection and monitoring of such injuries. Future satellites with
high to medium spatial resolution like Sentinel-2 and Landsat LDCM can be used for such detection.
It is of importance that cal-val activities can be carried near the settlements on Svalbard (Table 3.6).

3.5.7

Human influences

Aerial photographs and satellite imagery with very high spatial resolution (e.g. Quickbird 2, WW-2)
can be used in order to detect roads, infrastructure, ATV-tracks and the wear/damage from
mining/prospection and tourist activities on and around the cruise/tourism destinations on Svalbard.
Future satellites like Sentinel-2 and Pleiades can be used for such detection (Table 3.6), and cal-val
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activities should be carried out taking into account the low sun elevation.
Table 3.6. Terrestrial biosphere key parameters observed from EO data
Variable/
parameter
Albedo
Vegetation and
land cover

Phenology

FAPAR

EM spectrum range/
sensor type
VIR 3

Landsat TM/ETM+, IRS-P6, AVHRR,
MODIS, MERIS

VIR 4
SAR
VIS, NIR; MIR and
TIR
VIR2
SAR
VIS, NIR; MIR and
TIR

Landsat TM/ETM+,SPOT, IRS-P6,
Quickbird-2, WW-2, IKONOS, Rapid-Eye
TerraSAR-X, Envisat, RADARSAT,
AVHRR, MODIS, MERIS

VIS/NIR

Biomass

VIS/NIR/SWIR

LAI

VIS/NIR

Soil moisture
Land Surface
Temperature

Snow cover extent

Greenhouse gas
emissons

Local air pollution
impacts on
vegetation
Human influences
(infra structure,
roads, settlements,
ATV tracks, cruisedestinations etc.)

Most common existing satellites/sensors

VIR2
SAR
NIR; MIR and TIR,
Passive MW
High-resolution IR
(TIR) , r microwave
radiances (mw).
Ku/Ka SAR?
NIR; MIR and TIR
Passive MW
FTIR
NIR; MIR and TIR

2

VIR , VI, NIR;
MIR and TIR

VIR 2, VI, NIR;
MIR and TIR

Landsat TM/ETM+, FORMOSAT,
KOMPSAT, SPOT, IRS-P6
AVHRR, MODIS, MERIS
ENVISAT; RADARSAT, Passive MW
Landsat TM/ETM+,SPOT, IRS-P6, RapidEye
AVHRR, MODIS, MERIS
Landsat TM/ETM+,SPOT, IRS-P6,
Quickbird-2, WW-2, IKONOS, Rapid-Eye
AVHRR, MODIS, MERIS
Landsat TM/ETM+,SPOT, IRS-P6, RapidEye,AVHRR, MODIS, MERIS
Landsat TM/ETM+,SPOT, IRS-P6,
Quickbird-2, WW-2, IKONOS, Rapid-Eye
TerraSAR-X, Envisat, RADARSAT,
AVHRR, MODIS, MERIS

Some approved
satellites/sensors
Sentinel 2, Sentinel-3,
Landsat LDCM, EnMAP
Sentinel-2, Sentinel
3.SPOT, Pleiades,
Landsat LDCM, EnMAP
and future VHRsatellites.
Sentinel 1, Sentinel 2,
Sentinel-3, Landsat
LDCM
Sentinel 2, Sentinel-3,
Landsat LDCM
Sentinel-2, Sentinel
3.SPOT, Pleiades,
Landsat LDCM and
future VHR-satellites.
Sentinel 2, Sentinel-3,
Landsat LDCM
Sentinel 1, Sentinel-2,
Sentinel 3. Pleiades,
Landsat LDCM

Landsat TM/ETM+
ENVISAT

Metop, Sentinel-3

AVHRR, MODIS, MERIS
ENVISAT, Radarsat, Terra-Sar_X, Cryosat,
etc.

Sentinel 1, Sentinel-2,
Sentinel 3. Pleiades,
Landsat LDCM

FTIR and spectro-radiometers on ground.
MODIS; MERIS, IBIKU-GOSAT

Sentinel 3,Sentinel 5p-5,
OCO-2, MERLIN,
(Carbonsat)

High resolution archives (aerial and VHR/HR
satellites) Landsat TM/ETM+,SPOT,
MODIS, MERIS, IRS-P6, Quickbird-2, WW2, IKONOS and Rapid-Eye.
Atmospheric chemistry satellites: Local
pollution (See KT6)
High resolution archives (aerial and VHR
satellites)
Landsat TM/ETM+,SPOT, IRS-P6,
Quickbird-2, WW-2, IKONOS and RapidEye

Sentinel 2, Pleiades,
Landsat LDCM. Future
VHR-satellites.

Sentinel 2, Pleiades,
Future VHR-satellites. .

3

VIR: visible and infrared part of the EM specrum: 0.3 – ≈10 mm. VNIR: Visable and near infrared part of the
EM spectrum: 0.3 – ≈1.1 mm TIR: Thermal infrared: around 10 mm . SWIR: short wavelength infrared
4
VIR: visible and infrared part of the EM specrum: 0.3 – ≈10 mm. VNIR: Visable and near infrared part of the
EM spectrum: 0.3 – ≈1.1 mm TIR: Thermal infrared: around 10 mm . SWIR: short wavelength infrared. MW
microwave,
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Geodesy

According to Wikipedia “geodesy is the scientific discipline that deals with the measurement and
representation of the Earth, including its gravitational field, in a three-dimensional time-varying
space”. Geodetic observation systems determine global parameters of the planet, such as the
instantaneous gravity field of the Earth, the speed of Earth rotation, and the direction in space of the
Earth’s rotation axis. These quantities change minutely over human lifetimes, but the changes are
essential over timescales required to understand the physical processes of climate change. The
global reference frames derived from space geodetic observations are unique products to ensure high
precision, consistency, and validity over time (decades). They are required to derive consistent
regional and global integrations of many parameters.

3.6.1

Space borne instrumentation

The last decade has seen a tremendous improvement in the technology of ground based- and space
borne instrumentation with respect to precision, resolution, automation, and reliability. New
observation techniques (for example space-borne gravity and SAR interferometry) have been
introduced. Likewise, computers are more efficient and computational-intensive analyses of space
geodetic data can be performed on clusters of standard workstations. Physical phenomena in the
Earth system with minute amplitudes can thus be studied in great detail using space geodetic data. It
is expected that space geodesy will play a vital role in the future monitoring of the Earth’s health
both globally and in regions of national interest.
A number of geodetic satellite missions deliver continuous strings of data with high temporal and
spatial resolution, and with (close to) global coverage. Accurate positions may be obtained
anywhere on the Earth by global navigation satellite systems (e.g. GPS, Glonass, Galileo).
Permanent ground based instruments make up national, regional, and global observing networks.
Time series of data may be analyzed to detect and study changes worldwide.

b

a

Figure 3.25 (a) Altimetric satellites (e.g. ERS-1, ERS-2, Topex/Poseidon, Jason 1, Icesat,
OSTM/Jason 2, Envisat and (b) the upcoming GMES Sentinel 3)

Satellite radar altimeters measure the distance from the satellite to the earth’s surface below the
satellite along a track aligned with the satellite orbit, thus creating surface height profiles along the
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track. Height resolution can be a few centimeters, and the footprint size is on the order of kilometers
for conventional altimeters. By using coherent reception and synthetic aperture processing the alongtrack resolution can be improved to a few hundred meters. This technique is used on the CryoSat
satellite and will also be used on the GMES Sentinel-3 satellite. CryoSat also receives on two
antennas, which allows interferometric processing of the signals. This improves the measurements in
areas with steep topography. A range of different frequencies are used, where higher frequencies
generally give better resolution, but are also more sensitive to propagation distortion in the
atmosphere. Often more than one frequency is used to improve the accuracy, and radiometers are
used to measure atmospheric humidity for correction purposes.
Altimeters have been flown in space for more than thirty years. One significant application of radar
altimeters is the monitoring of sea level over large parts of the globe. In order to avoid the aliasing
according to tidal effects, the Topex/Poseidon and Jason satellites use a non-synchronous orbit that
only reaches 66 degrees latitude. They therefore do not cover the Arctic. Altimeters on satellites like
ERS-1/2 and Envisat have sun-synchronous orbits with an inclination of 98 degrees, while CryoSat
uses a non-synchronous orbit with 92 degrees inclination. CryoSat therefore covers much larger
areas close to the poles, and also has good coverage of the Greenland and Antarctic ice sheets.
The IceSat satellite was carrying a laser altimeter for measurement of ice, cloud and land elevation.
IceSat-2 is planned for launch in 2016.
Altimeter satellites measure the ocean surface topography by radar and laser. Combined with a geoid
model, ocean circulation and sea ice thickness in polar regions is derived. GPS on board the
satellites allow data to be connected to the global geodetic reference system for comparison of the
results with other techniques. One example is the global network of ground based coastal tide gauges
that has produced time series of sea level for many decades. A core component of these observing
stations are now equipped with GPS to ensure integration into the global geodetic reference system.

a

b

Figure 3.26. Gravimetric satellites: (a) GOCE and (b) GRACE)

Gravimetric satellites (e.g. Champ, GRACE, GOCE) provide observations of the global gravity field
of the Earth with ever increasing spatial resolution, and have detected changes with time in many
parts of the world. The latter is caused by transfer of masses within and between the elements of the
Earth system (the solid Earth, ocean, atmosphere, biosphere, and cryosphere). Seasonal climate
variations are a major component. Long term trends show weak signals and will require advanced
analysis and validation to be studied. Ground based gravimetry plays a decisive role in this task.
GPS positioning of the satellites’ orbit and the ground based observing sites allow integration into
the global geodetic reference system. A challenge close at hand is to ensure follow-on missions to
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the pioneer satellites mentioned above so that observations may continue without breaking the time
series. Overlapping in time of such systems make scientific interpretations more reliable. Gravity
combined with geometric changes (as observed by InSAR, VLBI, GNSS, etc.) allows geophysical
interpretations and set constraints on the structure and properties of layered Earth models.
Synthetic aperture radars (SAR) have flown on the Seasat, JERS-1, Alos and ERS-1/2 satellites, and
Envisat is currently flying a SAR. The GMES Sentinel-1 will also fly a SAR, and a few other SAR
satellites are being planned. The primary product from a SAR is a two-dimensional backscatter
map. Being a radar the image also contains range information for all the image pixels, but since the
bandwidth usually is an order of magnitude less than for an altimeter, the elevation information is
correspondingly coarser.
For geodetic purposes the most interesting use of SAR is interferometry, usually repeat-pass
interferometry. With suitable baselines terrain models with an elevation accuracy of a few meters
can be obtained, and with close to zero baselines movements with centimeter accuracy can be
measured.
In general, EO satellites are effective tools for observing the Earth system in remote areas like the
Arctic where fieldwork is expensive and demanding to accomplish. Benefits of geodetic
measurements and improvents in the Earth gravity field model include:
•
•
•
•
•

3.6.2

detailed terrain elevation models
better reference frames for defining map coordinates
improved calculation of satellite orbits
a more accurate equipotential surface to which surface elevations can be referenced
adjustment and datum correction for regional map coordinate systems and gravity survey
data

Ground based instrumentation in the polar regions

The national interests of Norway over the past century have included the polar regions of both
hemispheres of planet Earth. In the south, Norway holds claims to a significant sector of the
Antarctic continent and has recently upgraded the Troll station to all-year operation. In the north,
Norway administrates the sovereignty of Svalbard and operates Arctic stations and settlements on a
number of islands in the Arctic Ocean. Both hemispheres contain vast ocean areas of great national
importance. Norway thus has obligations and unique opportunities to contribute to global observing
systems from locations of utmost importance to monitoring and understanding the phenomena of
global climate change.
On Svalbard GNSS stations are operated in Ny-Ålesund, Longyearbyen, and Svea. An extended
network of GNSS stations on Svalbard, especially at the east coast, are needed for a complete
understanding GIA, PDIM, sea level, and errors in satellite data.
An improved regional geoid for Norway and the European Arctic will be developed by NMA based
on various data sources, notably GOCE.
The geodetic observatory in Ny-Ålesund was developed during the 1990`s in close cooperation with
NASA. The challenge to establish a long-term VLBI-based global reference system was imminent.
The scientific equipment selected at the time was then state-of-the-art. The total investment was
considerable and the achievement received international recognition. In fact, the VLBI station in NyÅlesund is among the top three best VLBI stations worldwide regarding data quality and reliability.
Future challenges include instrument upgrades at Ny-Ålesund, development of an Arctic geodetic
network, and establishment of a climate observatory at Troll. This will significantly forward the
study and monitoring of global climate change.
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A fundamental geodetic station in Ny-Ålesund

The high latitude of Ny-Ålesund allows simultaneous observations with observatories at any
longitude on the northern hemisphere. This unique position makes the observatory function like a
nave connecting all these stations. This is of particular importance to VLBI but is also extremely
useful for satellite geodetic techniques. The observatory in Ny-Ålesund has gradually expanded its
selection of instruments and is now contributing data of geometrical as well as physical change
related to solid earth, sea level, and the atmosphere, all components of global change.
The future requirements for VLBI imply new hardware technologies and electronic transfer in real
time. The latter requires high speed data links to all observing sites. Such infrastructure is of course
extremely useful to all sciences in Ny-Ålesund. The regime of radio silence at scientific frequencies
that was introduced at Ny-Ålesund in the 1990’s, guarantees that new investments at the site will
receive excellent conditions for decades to come.

a

b

Figure 3.27 (a) VLBI antenna in Ny-Ålesund, (b) Planned fiber-optic cable between Ny-Ålesund and
Longyearbyen.

Other geodetic instruments at Ny-Ålesund have been continuously upgraded during the last two
decades (e.g. GPS, tide gauge, DORIS). New observing techniques have also been added (e.g.
superconducting and absolute gravimetry). Currently lacking is the technique of satellite laser
ranging (SLR). NASA has studied and developed concepts for automatic SLR-stations. The addition
of an SLR facility in Ny-Ålesund would provide access to all types of space geodetic data for this
site, thus fulfilling international requirements for a geodetic fundamental station, and allowing full
combination analysis of the reference frame. Only two such fundamental stations exist worldwide.
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The magnetic field in the Arctic is of particular interest through its connection to aurora borealis and
particle precipitation in general. There is a long tradition of measuring phenomena related to the
magnetic field in high-latitude areas.
The DMSP (Defence Meteorological Satellite Program) F-series of satellites carry Special Sensor
Magnetometer (SSM) instruments that measure geomagnetic fluctuations associated with solar
geophysical phenomena. The missions also include Special Sensor Precipitating Plasma Monitor
(SSJ) and/or Special Sensor Ionospheric Plasma Drift/Scintillation Meter (SSIES) providing heating
and electron density profiles in the ionosphere.
The Cluster mission consists of 4 satellites, each equipped with several instruments measuring the
magnetic field: Fluxgate Magnetometer, Electron Drift Instrument, Spatio-Temporal Analysis of
Field Fluctuation experiment, Wide Band Data instrument. The orbits were selected so as to ensure
coverage of the northern polar cusp region and the geotail, and to optimize the coverage of the
magnetopause, the bow shock and the solar wind. Cluster was launched in 2000 and since 2006 the
Cluster satellites have been drifting away from their initial orbits.
Historically, the CHAMP satellite carried a magnetometry package with one scalar + two vector
magnetometer). It had an inclination of 87 deg and operated during the period July 2000 – Sept
2010. The DEMETER satellite operated in a quasi-sun-synchronous orbit, but made measurements
only between -65° and +65° of invariant latitude, thus not reaching the Arctic area. It operated June
2004 - Dec. 2010.
The GRACE satellite measures the magnetic field in a near-pole, non sun-synchronous orbit. It was
launched in 2002 and is nearing its end-of-life. A follow-on mission is planned for launch in 2016.
Also the Ørsted mission carries magnetometers in a near-sun-synchronous orbit. It also includes a
Charged Particle Detector used to measure the flux of fast electrons, protons and alpha particles
around the satellite. The magnetic field is also measured by the Russian Meteor- and Electro-series
satellites.
The Swarm mission, part of ESA´s Earth Explorer series, will be launched in 2012. It consists of
three satellites in polar orbits, and seeks to provide the best ever survey of the geomagnetic field and
its temporal evolution, and gain new insights into improving our knowledge of the Earth’s interior
and climate.
For GRACE, Swarm and CHAMP there is open access to the data, while there is constrained access
to the Russian data.
Validation plans for Swarm are currently being defined, and SIOS may play an important role in the
validation activities.

3.7.2

Total electron content (TEC)

TEC is an important descriptive quantity for the ionosphere. It is strongly linked to solar activity and
impacts radio signal propagation through the ionosphere. In order to estimate the TEC in the
ionosphere, signals from navigation satellites (GPS, Galileo, etc.) are measured by scintillation
receivers on the ground. Amplitude and phase variations are registered, which provides information
on the total electron content along the propagation path. Hundreds of such receivers are deployed
globally, including Svalbard.
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The data can be used to determine the nature of the physical processes that are associated with the
creation of the electrons along the path, strongly associated with the solar cycle. The data can also be
used to create real-time TEC maps to warn navigation and communication users, to assess the
impact on GNSS users and develop mitigation models.
All measurements affected by TEC will benefit from the use of this data.

Figure 3.28. Illustration of the forthcoming Swarm mission

3.7.3

Solar irradiance (SI)

The total solar irradiance, or TSI, along with Earth's global average albedo, determines the Earth's
global average equilibrium temperature. Due to the selective absorption and scattering processes in
the Earth's atmosphere, the different regions of the solar spectrum affect the Earth's atmosphere and
climate in distinct ways. Approximately 20 - 25 % of the TSI is absorbed by atmospheric water
vapor, clouds, and ozone, by processes that are strongly wavelength dependent.
Ultraviolet (UV) radiation at wavelengths below 300 nm is completely absorbed by the Earth's
atmosphere and contributes the dominant energy source in the stratosphere and thermosphere,
establishing the upper atmosphere's temperature, structure, composition, and dynamics. At these
short wavelengths even small variations in the Sun's radiation will lead to corresponding changes in
atmospheric chemistry. Thus it is important to accurately monitor both the TSI and its spectral
dependence.
The Total Irradiance Monitor (TIM) instrument on the SORCE satellite measures the TSI by
monitoring changes in incident sunlight to the Earth's atmosphere using an ambient temperature
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active cavity radiometer to an absolute accuracy of 100 parts per million (ppm) and a precision and
long-term relative accuracy of 10 ppm per year. The satellite also carries additional instruments for
studying certain aspects of the solar irradiance. The satellite has been flying since 2003.
The VIRGO instrument onboard the SOHO satellite measures the variability of solar irradiance.
All data is freely available.
TSI is strongly linked to processes at the surface of the sun, which again is linked to climate on the
Earth.
The Spectral Irradiance Monitor (SIM) and The SOlar Stellar Irradiance Comparison Experiment
(SOLSTICE) on the SOURCE satellites measure variations in the solar spectral irradiance. They
cover the ultraviolet (UV) part of the solar spectrum. SIM covers the wavelengths from 300 to 2400
nm, with an additional channel to cover the 200-300 nm ultraviolet spectral region to overlap with
the SOLSTICE (115-320 nm). Variations in the UV is linked to processes in the hot Solar
atmosphere (Chromosphere and lower Corona).

a

b

Figure 3.29. (a) the SORCE satellite, (b) the SOHO satellite
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4

Priorities for SIOS including research campaigns and
satellite and in-situ data sources

4.1

Atmospheric research
Four important overall atmospheric research topics are identified as particularly relevant for
SIOS:

1. Operational meteorology: Challenges in NWP applications in the Arctic include: (a) Data
assimilation including sounding data and wind profiles, over open ocean, sea ice and land. (b)
Parametrization of surface fluxes in the Arctic, in particular over sea ice covered areas, (c)
Turbulence parametrization in strongly convective unstable boundary layers in cold air
outbreaks and (d) Turbulence parametrization in highly stable boundary layers cooled by the
surface. Satellite data are used directly in (a) and for determining surface properties
(temperature, ice cover, ice thickness) which can help develop schemes for item (b). For all four
items satellite data can play a role in validating new schemes and as a part of process studies for
improvements in these areas.
2. Climate: Understanding the role of clouds and water vapor in the atmosphere is essential for
climate studies and available and planned satellites are well suited to study these problems.
Long time series of data are available are from operational meteorological NOAA and DMSP
satellites and are extended by data from a range of new satellite both in operational meteorology
(like EPS Metop) as well as research satellites (like CloudSat/Calipso).
3. Aerosols: Arctic aerosols are of great importance for cloud properties and the atmospheric
radiation balance, and measurements of aerosols are currently available from a large number of
satellites and products are continuously being developed to characterise aerosol amounts,
properties and size distributions. Of specific interest for SIOS and use of satellite data is
research on aerosol-cloud interactions and on transport of pollution from lower latitudes.
4. Atmospheric chemistry: Measurements of atmospheric trace gases has been available for
decades and provides an essential source of information for research. Of special interest to
SIOS are research on arctic climate gas budgets, polar stratospheric ozone depletion, pollution
transport (similar to aerosol theme) and the role BrO in arctic spring mercury (Hg) depletion
events.
Planned research campaigns: ESA’s Earth Explorers ADM/Aeolus and EarthCARE will be launched
in 2013 and 2015, respectively. In connection with calibration and validation activities for these two
satellites, campaigns will most likely be organized also in the SIOS area.

4.2

Ocean and sea ice research

1. Radar altimetry and geodesy requires in situ observations of sea level height in several Arctic
locations both in shallow water areas as well as in the deep waters in the Norwegian – Greenland
Sea, the Fram Strait and the Arctic basin north of Svalbard. Accurate surface height
measurements with GPS can be obtained form ice floes and open ocean buoys. Hydrographical
surveys are needed to provide estimates of the mean dynamic topography.
2. Observation methods to derive ocean surface wind, waves, hydrography, currents, sea ice and
other physical processes are developed from a number of satellite sensors, in particular SAR,
scatterometer, passive microwave and infrared radiometry. Validation of the satellite retrievals
requires a set of observing platforms located in open water areas, on the sea ice as well as under
the sea ice. A network of platforms should be installed, including anchored oceanographic
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moorings, icebuoys, gliders, floats and open ocean surface buoys. Furthermore, ships that are
operating regularly in the open water as well as in sea ice are needed to maintain the network of
observing platforms.
3. Ocean Colour products from satellites are important for quantification of changes in the
phytoplankton biomass and composition in the Barents Sea. Monitoring of the phytoplankton
changes using in situ data in different locations is important. The OC products must be validated
and improvement of the retrieval algorithms taken into consideration of low sun elevation,
cloudiness, sea ice and land effect contamination of water pixels and the atmospheric corrections
in general. Changes in the light field in the fjord due to increased particle concentration.
Improvements of near coastal satellite data and close to the glaciers to monitor the changes of
light regime in the fjords of Svalbard. This needs improvements of the high resolution satellite
data products for particles.
4. For sea ice it is necessary to implement observing systems from drifting ice buoys, under-ice and
airborne platforms to collect data on ice thickness, ice types, ice concentration, ice drift, floe size
distribution, freeboard, heat fluxes, ridges, leads, meltponds and other sea ice processes. The
data must include both standard ice-ocean-atmospheric observations as well as remote sensing
measurements similar to the spaceborne sensors. These data are needed to validate the satellite
retrieval and fill gaps that satellite data cannot provide. The data should be collected in areas with
different ice regimes such as north of Svalbard, in the Fram Strait, Barents Sea and the Svalbard
fjords and coasts. Data collection must include the marginal ice zones, polynya areas, ice
convergence areas, and iceberg areas. Sea ice studies using satellite data should be combined
with oceanographic and atmospheric boundary layer meteorology observations. This can be
implemented by drifting ice buoys with atmospheric and oceanographical instrumentation.
Ongoing and planned research campaigns: Sea level and sea ice thickness measurements for
validation of satellite altimeter data, airborne campaigns have been and will be implemented by the
CryoSat calval team using Svalbard as one of the bases. Sea level measurements from ice floes using
GPS is undertaken by DTU-Space in an ongoing research project. Sea ice observations from fixedwing aircraft (Polar-5) and ice-going research vessel are conducted by AWI. Tide gauge
measurements conducted by Norwegian Mapping Authority will be needed to validate altimeter
data. For hydrography, currents, ice thickness and ice drift, in situ measurements are conduced from
moorings and glider experiments in the Fram Strait by several institutions: NPI, AWI, IOPAS,
NERSC, UNIS. Sea ice cruises are conducted by NPI, UNIS and NERSC, collecting in situ sea ice
data. These are ongoing activities conducted every year and are expected to continue in the coming
years. The data are useful for validation of ocean currents, temperature and salinity as well as sea ice
thickness and drift derived from satellite data. Sea ice and ocean surface properties (SST, ocean
colour) are planned to be conducted using UAV systems developed by Norut. The ferrybox system
operated by NIVA collects in situ data for validation of ocean colour data from satellites. Also
automated buoys deployed on ice floes are planned to be implemented to measure atmospheric, sea
ice and oceanographic parameters. These buoys can include specific sensors for validation several
satellite derived parameters.

4.3

Terrestrial cryosphere

Svalbard glaciers and ice caps are some of the best studied in the Arctic. A wide range of glacier
types can be found within the different environmental zones and can be studied with a relatively
easy access. Nevertheless, there are important knowledge gaps which remote sensing tools are best
suited to fill, including geophysical parameter extraction, as well as cal/val work and algorithm
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development making use of ground based measurements. Prioritized remote sensing studies are:
1.

2.

3.

Surface elevation change and mass balance. Highly prioritized monitoring and research topic
for Svalbard - not because of Svalbard glaciers and ice caps have any significant impact on
global sea level rise, but because they serve as an important knowledge baseline for the rest of
the Arctic. Due to the high relief, Svalbard is not particularly well suited for radar altimetry.
Instead laser altimetry and tandem or stereoscope missions combined with gravity are more
promising tools. For radar altimetry Svalbard serves as a test laboratory for high relief regions.
Surface type, as well as snow depth and snow properties (density, wetness, albedo etc) are key
factors in process and dynamic studies. However, they are difficult to quantify spatially and
showing large temporal variability. For extrapolation of ground based point measurements with
a reasonable temporal frequency, remote sensing combined with modelling is the only feasible
approach. New and refined algorithms need to be developed.
Dynamics and change detection. Quantification of spatial and temporal ice flow variability as
well as calving rates and processes.

These studies will require a program for in situ observations in selected glaciers in Svalbard.
Ongoing and planned research campaigns: In situ glaciological measurements are annually
performed by NPI, Institute of Geophysics, Polish Academy of Sciences, UIO, UNIS. Most relevant
parameters are D-GPS profiles, snow depth and density, firn density and thickness, as well as mass
balance.

4.4

Permafrost and geohazards

Many potential environmental and socioeconomic impacts of global climatic change are associated
with permafrost. The effects of climatic change on permafrost, and the seasonally thawed layer, can
severely disrupt ecosystems and human infrastructure and intensify global warming. Permafrost
degradation may affect slope stability, and in order to evaluate certain geohazards, improved
permafrost knowledge is essential.
Permafrost is one of six cryospheric indicators in WMO's Global Climate Observing System
(GCOS). Research on the effects of temperature changes on the activity of permafrost landscapes is
recommended by the IPCC. Measurement of permafrost parameters has previously mainly been insitu based. Remote sensing techniques will allow upscaling of measurements. Satellite
interferometric SAR (InSAR) is one important remote sensing tool that can increase the
understanding of permafrost effects on different landforms through surface deformation studies in
combination with high-resolution field studies of selected widespread permafrost landforms. Ground
based field measurements are essential to validate any remote sensing data, allowing to upscale the
in-situ point measurements from the existing permafrost research infrastructure on Svalbard.
Ongoing and planned research campaigns: no information.

4.5

Terrestrial biosphere

Remote sensing of the terrestrial biosphere in Svalbard and adjacent areas should focus on the
following activities:
1. Improvement of important vegetation indices using calibration and validation stations in different
locations on Svalbard encompassing different tundra- and vegetation types.
2. Improvement of vegetation and land cover type classification and discrimination.
3. Improvement of space based phenology indices using enhanced “Arctic” vegetation indices.
4. Improvement of terrestrial biomass estimations using enhanced “Arctic” vegetation indices.
5. Bridge the gap between the greenhouse gas emission monitoring using Eddy-Covariance
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monitors and spaceborne sensors including up-scaling from site to landscape/region.
Ongoing and planned terrestrial research programs/campaigns in the Svalbard area that may
benefit from EO data:
DEFROST: The aim of DEFROST is to understand how climate change induced changes in the
cryosphere influence the ecosystem/geosphere processes which directly affect climate. We will
focus on key terrestrial, lacustrine and marine cryospheric components that have the potential for
giving rise to substantial changes in climate feedback mechanisms both in terms of surfaceatmosphere energy exchange and exchanges of greenhouse gases (Eddy-Covariance site in
Adventdalen-Longyearbyen). DEFROST seeks to bridge existing gaps between climate
modeling, cryospheric science, and Arctic ecosystem science.Research is performed in different
parts of Svalbard with a focus on the areas around Longyearbyen, Svea, Ny Ålesund,
Barentsburg and Hornsund.
KOAT - Climate-ecological observatory for Arctic Tundra. Project program in preparation with
several study sites in Svalbard and north-eastern Norway.

4.6

Geodesy

Monitoring purposes as well as scientific needs call for a network of observing stations
throughout the Arctic. It should co-locate instruments for determination of position (GNSS)
and sea level (tide gauge), and provide in-door platforms for gravity. Effects of global change
may include diminishing glaciers at Svalbard and elsewhere. Mass balance estimates and glacial
isostatic adjustments (GIA) require several observing sites to obtain the integrated effect.
Several stations should be established across Svalbard and on surrounding islands, including the
surrounding islands (e.g. Hopen, Bjørnøya, Jan Mayen).
Today, GNSS stations are operated in Hopen, Bjørnøya, Jan Mayen, Ny-Ålesund, Longyearbyen,
and Svea. An extended network of GNSS stations on Svalbard, especially at the east coast, are
needed for a complete understanding of GIA, present-day ice melting (PDIM), sea level, and errors
in satellite data. An improved regional geoid for Norway and the European Arctic will be developed
by the Norwegian Mapping Authority (NMA) based on various data sources, notably GOCE.
Ongoing and planned research campaigns: NMA plans to build a new geodetic observatory in NyÅlesund, including two new VLBI antennas and satellite laser ranging. The observatory is presently
not funded.

4.7

Space research

Svalbard should play a central role in validation activities for satellites like the forthcoming Earth
Explorer Swarm mission, due to its suitable location for observations in the polar region. SIOS may
therefore play an important role in these validation activities. Missing infrastructure for such tasks
needs to be identified together with the satellite owners. Access to relevant data from operational
missions needs to be ensured.
Needs for the space research area are closely related to the needs for a better knowledge of space
weather. There is a separate initiative being undertaken for this field, and the main instrumentation
needs identified there are ground based instruments like GNSS scintillation receivers, ionosondes
and rhiometers. Sounding rockets are also needed, which is a significant contribution for collecting
in-situ space weather observations. All these observations are important for the scientific
understanding of the physical phenomena involved. They give a valuable input to an operational
space weather service and they are important for the validation needs mentioned above.	
   Services	
  
from	
  satellites	
  have	
  become	
   essential	
  for	
  our	
   society,	
   and	
   the	
  vulnerability	
  due	
   to	
   the	
  effects	
  
from	
  space	
  weather	
  will	
  increase	
  in	
  line	
  with	
  the	
  expected	
  increase	
  in	
  available	
  satellite	
  data. It
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is therefore important that SIOS needs be well coordinated with the space weather initiative.
Ongoing and planned research campaigns: Several auroral campaigns are performed each year,
utilising all-sky images and photometers. Rocket campaigns are also being planned. A number of
othere campaigns are also in the planning, but not funded yet.

4.8

Satellite and in-situ data sources

Research activities in the SIOS area will need to be supported by data from both satellites and in-situ
measurements. Large amounts of satellite data are recieved at Svalbard, including data from the
SIOS area. These data are stored in databases around the world, with some of the main ones
identified below. In-situ data are collected by means of a large range of instrumentation operated by
many institutions from different countries. The existing infrastructure available in Svalbard,
including
the
parameters
measured,
is
listed
in
the
document
”Existinginfrastructure_all_MASTER.doc”, which is available at the official SIOS website.

4.8.1

Satellite data archives

The SIOS area is located at high latitudes, and therefore has very frequent coverage by polarorbiting satellites. Much of this data is read down at the SvalSat satellite data receiving station, but
the data itself is usually stored in large databases operated by the different satellite owners. Most of
the data from scientific satellites is available for free, but often requires a simple registration
procedure in order to register as a user. Some of the main sources of satellite data are briefly
described below.
Satellite data are owned by space agencies, with the most easily available data coming from ESA,
NASA and JAXA, as well as CNES and DLR. China, India and Brazil are also becoming significant
satellite data providers. Eumetsat, NOAA and meteorological satellite agencies elsewhere are the
main providers of operational meteorological satellite data.
In addition to accessing the space agencies’ data repositories directly, some large projects have
created specific data sets coming from many sources, and often processed into data products that are
easier to use than the low-level satellite data itself. An example of this is the International Polar Year
(2007-2009) (http://www.ipy.org/), where one of the projects was undertaken by several space
agencies and created an IPY legacy data set for the two-year period. As part of the GEO/GEOSS
undertaking, the GEO Portal (http://www.geoportal.org) has been established, which provides an
entry point to access remote sensing and in-situ data, information and services. GMES Core Services
also provide higher level data for different application areas. Similar projects are also undertaken at
national level.
A significant effort that will support SIOS is NORMAP (Norwegian Satellite Earth Observation
Database for Marine and Polar Research, http://normap.nersc.no/). The overall goal of this
infrastructure project is to create a data repository, including a meta database, for Nordic and Arctic
regions for Earth Observation data from polar orbiting satellites to facilitate and stimulate high
quality and original multidisciplinary Earth System research and application in marine, polar and
climate sciences. This project will include a large number of the data sources mentioned above, and
it as an expressed goal of NORMAP to provide Earth observation data to SIOS.

4.8.2

In-situ data archives

The existing infrastructure listed in the document ”Existing-infrastructure_all_MASTER.doc” is
grouped according to the eleven scientific Key Topics identified in the SIOS Gap Analysis
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document. Data from this instrumentation is collected by many institutions, and there is no single
repository or data policy for the collected data. Below the main measurement stations in Svalbard
are listed, together with representative web sites. These web sites provide either direct access to
available data, or information on how to request such data.

4.8.2.1

Ny Ålesund

Ny-Ålesund works as an international research base for a wide range of studies in natural
sciences. Eleven institutions from ten countries around the world have established research stations
in the settlement, three of which are permanently manned. In addition a number of institutions and
nations come to Ny-Ålesund to perform research on a more or less regular basis. The permanent
stations are listed below, together with their web addresses:
•
•

•

•
•
•

•
•
•
•
•
•
•

The Norwegian Polar Institute: http://sverdrup.npolar.no/.
The Norwegian Institute for Air Research (NILU) has the scientific responsibility for the
activities at the Zeppelin Mountain station. Data can be accessed at http://ebas.nilu.no/ and
http://geomon.nilu.no.
The German Alfred Wegener Institute for Polar and Marine Research (AWI) and the French
Polar Institute Paul Emile Victor (IPEV) operate their research stations in Ny-Ålesund as the
joint French-German Arctic Research Base AWIPEV: http://www.awipev.eu/.
The Norwegian Mapping Authority (NMA): http://www.statkart.no/nor/Geodesi/VLBI_NyAlesund (in Norwegian)
The Britisch Antarctic Survey (BAS) operates a station on behalf of the National
Environment Research Council (NERC): http://www.arctic.ac.uk/nerc_station.php.
The Kings Bay Marine Laboratory( KBML):
http://www.kingsbay.no/index.php?option=com_content&view=article&id=83&Itemid=119
.
The National Institute for Polar Research (NIPR) in Japan:
http://www.nipr.ac.jp/english/polar-research02.html.
The Chinese Arctic and Antarctic Administration (CAA) operates the Yellow River station:
http://www.chinare.cn/en/index.html?pid=stations&st=yellow.
The Korean Polar Research Institute (KOPRI) operates the DASAN station:
http://www.kopri.re.kr/english/eng_infra/eng_arctic/eng_arctic_intro/eng_arctic_intro.cms.
The Arctic Centre of the University of Groningen (UiG) operates a field station:
http://www.arcticstation.nl/.
The National Research Council of Italy (CNR) operates the Dirigibile Italia station:
http://www.polarnet.cnr.it/index.php?option=com_content&task=view&id=162&Itemid=58.
CNR (Italy) administers the science programme of the Amundsen-Nobile Climate Change
Tower: http://www.isac.cnr.it/~radiclim/CCTower/?Home.
Svalbard Science Forum maintains the “Research in Svalbard” database:
http://www.ssf.npolar.no/pages/database.htm

A number of other research institutions present in Ny Ålesund can be found in
http://www.kingsbay.no/index.php?option=com_content&view=article&id=144&Itemid=120.

4.8.2.2

Longyearbyen

The main research infrastructure in Longyearbyen consists of:

•

EISCAT: http://www.eiscat.se/groups/datahandling
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KHO: http://kho.unis.no/ Data can be found in the left panel.
SPEAR: http://spear.unis.no/40_DATA_LOGS/introduction.htm
Soucy Svalbard radar: http://radars.uit.no/sousy/. Data can be found at
http://radars.uit.no/sousy/dataindex.htm.
Norwegian Polar Institute: http://www.npolar.no/en/.
University in Svalbard: http://wwwunis.no/default.htm.

Hornsund

•

Polish Polar Station: http://hornsund.igf.edu.pl/research.html

•

The
Institute
of
Oceanology
http://www.iopan.gda.pl/research.html

4.8.2.4

of

the

Polish

Academy

of

Sciences

Barentsburg

•

Arctic and AntarcticResearch Institute (AARI): http://www.aari.nw.ru/default_en.asp

•

PGI (Polar Geophysical Institute): http://pgia.ru/lang/en/data/

4.8.3

Others

•

SuperDARN HF ionospheric radar: Data: http://superdarn.jhuapl.edu/ (Real-time data and
Data Archive)

•

WMO global data centers: http://www.ukssdc.ac.uk/wdc/appendix/gdappenb1.html
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6

Appendices

6.1

Appendix A: List of satellite derived products defined by GCOS

Table A1: Overview of satellite-derived products for Atmosphere
ECV

Global Products requiring Satellite
Observations

Fundamental Climate Data Records
(product from past, current, and future
missions)

Surface Wind
Speed and
Direction

Surface wind retrievals

Precipitation

Estimates of liquid and solid precipitation,
derived from specific instruments and
provided by composite products

Passive microwave radiances;

Upper-air temperature retrievals;

Passive microwave and IR radiances;

Temperature of deep atmospheric layers

GNSS radio occultation bending angles

Upper-air
Temperature
Upper-air Wind
Speed and
Direction

Water Vapour

Cloud Properties

Earth Radiation
Budget

Carbon Dioxide,
Methane and
other GHGs
Ozone

Aerosol
Properties
Precursors
supporting the
Ozone and
Aerosol ECVs

NERSC report

Passive microwave radiances and
scatterometry

Geostationary VIS/NIR/IR radiances

VIS/IR imager radiances;

Upper-air wind retrievals

Doppler wind lidar

Total column water vapour;

Passive microwave radiances;

Tropospheric and lower-stratospheric
profiles of water vapour;

UV/VIS imager radiances;

Upper tropospheric humidity

Limb soundings

Cloud amount, top pressure and
temperature, optical depth, water path and
effective particle radius

VIS/IR imager radiances;

Earth radiation budget (top-of-atmosphere
and surface);

Broadband radiances;

Total and spectrally-resolved solar
irradiance

Geostationary multispectral imager
radiances

Retrievals of greenhouse gases, such as
CO2 and CH4, of sufficient quality to
estimate regional sources and sinks

NIR/IR radiances

Total column ozone;
Tropospheric ozone;
Ozone profiles

UV/VIS and IR/microwave radiances,
from nadir and limb sounding

Aerosol optical depth;
Aerosol single scattering albedo;
Aerosol layer height

UV/VIS/NIR/SWIR and TIR radiances

Retrievals of precursors for aerosols and
ozone such as NO2, SO2, HCHO and CO

UV/VIS/NIR/SWIR and TIR radiances

IR and microwave soundings;

IR and microwave soundings

Spectrally-resolved solar irradiances;
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Table A2: Overview of satellite-derived products for Ocean
ECV

Global Products requiring Satellite
Observations

Fundamental Climate Data Records
(product from past, current, and future
missions)

Sea Surface
Temperature

Integrated sea-surface temperature
analyses based on satellite and in situ data
records

Single and multi-view IR and microwave
imager radiances

Sea Surface
Salinity

Datasets for research on identification of
changes in sea-surface salinity

Microwave radiances

Sea Level

Sea level global mean and regional
variability

Altimetry

Sea State

Wave height, supported by other measures
of sea state (wave direction, wavelength,
time period)

Altimetry

Sea Ice

Sea-ice concentration/extent/edge,
supported by sea-ice thickness and sea-ice
drift

Ocean Colour

Ocean colour radiometry – water leaving
radiance;
Oceanic chlorophyll-a concentration,
derived from ocean colour radiometry

Microwave and visible imager radiances
Supported by SAR altimetry

Multispectral VIS imager radiances

Table A3: Overview of satellite-derived products for Terrestrial sciences
ECV or
supporting
variable

Global Products requiring Satellite
Observations

For lakes in the Global Terrestrial Network
for Lakes:
Lakes

Areas of lakes;

Glaciers and Ice
Caps

Snow areal extent;

NERSC report

VIS/NIR imager radiances, and radar
imager radiances;

Supplemented by: Snow water equivalent

Moderate-resolution VIS/NIR/IR and
passive microwave imager radiances

Glacier 2D outlines (delineating glacier
area);

High-resolution VIS/NIR/SWIR optical
imager radiances;

Supplemented by digital elevation maps of
glaciers and ice caps

Supplemented by: Radar, SAR, alongtrack stereo imaging

Ice-sheet elevation changes;
Ice Sheets

(product from past, current and future
missions)

Altimetry

Lake levels
Snow Cover

Fundamental Climate Data Records
required for Product Generation

Supplemented by: Fields of ice velocity
and ice mass change

Radar and laser altimetry;
Supplemented by: SAR, Gravity
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Albedo

Land Cover

Broadband black sky and spectral white
sky albedo
Moderate-resolution maps of land-cover
type;
High-resolution maps of land-cover type,
for the detection of land-cover change
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Multispectral and multiangular imager
radiances
Moderate-resolution multispectral
VIS/NIR imager radiances;
High-resolution multispectral VIS/NIR
imager radiances
Supplemented by: Radar

Maps of the Fraction of Absorbed
Photosynthetically Active Radiation

VIS/NIR multispectral imager radiances

Maps of Leaf Area Index

VIS/NIR multispectral imager radiances

Biomass

Regional and global above-ground forest
biomass (no forest in Svalbard)

Long-wavelength radar and lidar,
VIS/NIR

Fire Disturbance

Maps of burnt area, supplemented by
active-fire maps and fire-radiated power

VIS/NIR/SWIR/TIR moderate-resolution
multispectral imager radiances

Soil Moisture

Research towards global near-surface soilmoisture map (up to 10cm soil depth)

Active and passive microwave

Land-Surface
Temperature

Land-surface temperature records to
support generation of land ECVs

High-resolution IR radiances from
geostationary and polar orbiting satellites;
microwave radiances from polar orbiting
satellites

FAPAR
LAI
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6.2

Appendix B: EO Application forms for the SIOS research areas

6.2.1

Research area: Atmosphere

Short title of EO data
application

Humidity

Research area

Atmosphere

Leader ins.

Met.no

Participating inst.

NILU, AWI, CNR, NIVA

Priority:

High Importance

Describe the most relevant satellites
and sensors, including
data coverage, resolution, observed
parameters, agency etc.

Describe data policy and access
possibilities for research in SIOS

METOP A,B,C (Eumetsat): ATOVS, IASI,
NOAA 16,17,19: ATOVS
NPP (NOAA) : Crl S, ATMS
DMSP: SSM/I, SSMIS
GCOM-W (Jaxa) AMSR-2
FY -1,3: (CMA)
Altimeter missions, e.g. Sentinel-3 (ESA / Eumetsat): SRAL
Post EPS
Daily polar coverage
Eumetsat and NOAA data freely available (e.g. from
Eumetcast)
GCOM-W (trough Eumetsat or directly Svalsat)

Prioritised satellite missions for SIOS
research in the next decade

-

What are the scientific benefits of using
the EO data ?

Meteorological satellites provide a wealth of information on
the Arctic atmosphere, not possible covered by traditional
observations. The observations to be exploited are
instruments on polar orbiting platforms with excellent Arctic
coverage. Existing in situ data and campaign data, e.g.
radiosonde observations need to be co-located with
satellite data, to develop optimal use of the data.

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .
Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?

NOAA, Eumetsat, …

Does existing applications/products
cover SIOS’s needs or are new
applications or products needed ?
Which
institutions
can
provide
resources needed to develop the new
EO data applications?
Other comments to usage of the EO
data in this application
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Short title of EO data
application

Temperature

Research area

Atmosphere

Leader ins.

Met.no

Participating inst.

NILU, AWI, CNR, NIVA

Priority:

High Importance

Describe the most relevant satellites
and sensors, including
data coverage, resolution, observed
parameters, agency etc.

Describe data policy and access
possibilities for research in SIOS

METOP A,B,C (Eumetsat): IASI ATOVS(HIRS, AMSU-A)
IASI,
NOAA 16,17,19: ATOVS(HIRS, AMSU-A)
Aqua (NOAA), AIRS, AMSU-A, MODIS)
NPP (NOAA) : Crl S, ATMS, VIIRS
FY -1,3: (CMA) IRAS
INSAT (ISRO): INSAT 3D
Post EPS
Daily polar coverage
Eumetsat and NOAA data freely available (e.g. from
Eumetcast)
ISRO-data (trough Eumetsat or directly Svalsat)

Prioritised satellite missions for SIOS
research in the next decade

METOP, IASI

What are the scientific benefits of using
the EO data ?

Meteorological satellites provide a wealth of information on
the Arctic atmosphere, not possible covered by traditional
observations. The observations to be exploited are
instruments on polar orbiting platforms with excellent Arctic
coverage. Existing in situ data and campaign data, e.g.
radiosonde observations need to be co-located with
satellite data, to develop optimal use of the data.

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .
Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?

NOAA, Eumetsat, CMA, ISRO,

Does existing applications/products
cover SIOS’s needs or are new
applications or products needed to be
developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?
Other comments to usage of the EO
data in this application
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Short title of EO data
application

Wind

Research area

Atmosphere

Leader ins.

Met.no

Participating inst.

NILU, AWI, CNR, NIVA

Priority:

High Importance

Describe the most relevant satellites
and sensors, including
data coverage, resolution, observed
parameters, agency etc.
Describe data policy and access
possibilities for research in SIOS

METOP A,B,C (Eumetsat): ASCAT - sea surface wind
METOP A,B,C (Eumetsat): AVHRR -cloud-wind
NOAA 16,17,19: AVHRR
Aqua (NOAA), MODIS-wind
ADM-Aeolus (Earth Explorer) vertical wind profile
Daily polar coverage
Eumetsat and NOAA data freely available (e.g. from
Eumetcast)
ADM (trough Eumetsat or directly Svalsat)

Prioritised satellite missions for SIOS
research in the next decade

ADM-Aeolus

What are the scientific benefits of using
the EO data ?

Meteorological satellites provide a wealth of information on
the Arctic atmosphere, not possible covered by traditional
observations. The observations to be exploited are
instruments on polar orbiting platforms with excellent Arctic
coverage. Existing in situ data and campaign data, e.g.
radiosonde observations need to be co-located with
satellite data, to develop optimal use of the data.

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .
Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?

NOAA, Eumetsat, ESA

Does existing applications/products
cover SIOS’s needs or are new
applications or products needed to be
developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?
Other comments to usage of the EO
data in this application
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Short title of EO data
application

Clouds

Research area

Atmosphere

Leader ins.

Met.no

Participating inst.

NILU, AWI, CNR, NIVA

Priority:

High Importance

Describe the most relevant satellites
and sensors, including
data coverage, resolution, observed
parameters, agency etc.

Describe data policy and access
possibilities for research in SIOS

METOP A,B,C (Eumetsat): IASI ATOVS(HIRS, AMSU-A)
METOP A,B,C (Eumetsat): AVHRR, IASI,
NOAA 16,17,19: AVHRR
Aqua, MODIS (NASA)
NPP (NOAA) : VIIRS
FY -1,3: (CMA): VIRR
Post EPS
CloudSAT / CALIPSO (NASA) cloud profile
EarthCare
Daily polar coverage
Eumetsat and NOAA data freely available (e.g. from
Eumetcast)
ISRO-data (trough Eumetsat or directly Svalsat)

Prioritised satellite missions for SIOS
research in the next decade

METOP, IASI

What are the scientific benefits of using
the EO data ?

Meteorological satellites provide a wealth of information on
the Arctic atmosphere, not possible covered by traditional
observations. The observations to be exploited are
instruments on polar orbiting platforms with excellent Arctic
coverage. Existing in situ data and campaign data, e.g.
radiosonde observations need to be co-located with
satellite data, to develop optimal use of the data.

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .
Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?

NOAA, NASA, Eumetsat, ESA

Does existing applications/products
cover SIOS’s needs or are new
applications or products needed to be
developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?
Other comments to usage of the EO
data in this application
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Short title of EO data
application

Atmospheric
chemistry

Research area

Atmosphere

Leader ins.

Met.no

Participating inst.

NILU, AWI, CNR, NIVA

Priority:

High Importance

Describe the most relevant satellites
and sensors, including
data coverage, resolution, observed
parameters, agency etc.

METOP A,B,C (Eumetsat): IASI (CH4, SO2)
METOP A,B,C (Eumetsat): GOME2 (O3, NO2, SO2,++)
Envisat (ESA): SCIAMACHY, GOMOS, MIPAS (O3,CH4,
SO2, NO2,HNO3, ++)
Aura (NASA);TES, OMI, MLS (O3, NO2, SO2,++)
AIRS (NASA): SO2
GOSAT (JAXA): TANSO (CH4, CO2)
GMES Sentinel 5 precursor (ESA): Tropomi++ (O3,CH4,
SO2, NO2, ++) – not launched yet
Daily polar coverage (some instruments provide several
measurements over Svalbard each day – some also during
day and nighttime):
Geostationary orbit not useful for these latitudes

Describe data policy and access
possibilities for research in SIOS

Data are freely available from European and American
agencies. Data are available on request from JAXA

Prioritised satellite missions for SIOS
research in the next decade

Sentinel 5 precursor

What are the scientific benefits of using
the EO data ?

Spatial coverage
instruments

not

available

from

groundbased

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .
Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?

Data are often not provided directly by the EO agencies,
but often as products/services through independent
organisations through ESA/EU funded projects (e.g. ESA
CCI)

Does existing applications/products
cover SIOS’s needs or are new
applications or products needed to be
developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?

Some products/applications need further improvements in
order to be useful for the Svalbard area. This is e.g. the
case for CH4 measurements

Other comments to usage of the EO
data in this application
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Short title of EO data
application

Aerosols

Research area

Atmosphere

Leader ins.

Met.no

Participating inst.

NILU, AWI, CNR, NIVA

Priority:

High Importance

Describe the most relevant satellites
and sensors, including
data coverage, resolution, observed
parameters, agency etc.

Aqua, Terra (NASA): MODIS
Envisat (ESA): MERIS, AATSR, SCIAMACHY, MIPAS
METOP A,B,C (Eumetsat): GOME2, AVHRR
Calipso (NASA): Caliop
ADM-Aeolus (ESA): Aladin – not launched yet
EarthCARE (ESA, JAXA): All instruments – not launched
yet

Describe data policy and access
possibilities for research in SIOS

All data are freely available

Prioritised satellite missions for SIOS
research in the next decade

EarthCARE

What are the scientific benefits of using
the EO data ?

Spatial coverage
instruments

not

available

from

groundbased

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .
Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?

Data are often not provided directly by the EO agencies,
but often as products/services through independent
organisations through ESA/EU funded projects (e.g. ESA
CCI)

Does existing applications/products
cover SIOS’s needs or are new
applications or products needed to be
developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?

Regional products for Svalbard needs further development
– recent developments at University of Bremen show
promising results for aerosol characterisation over Svalbard

Other comments to usage of the EO
data in this application
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6.2.2

Research area: Ocean and sea ice

Short title of EO data
application

Sea
Parameters

Leader ins.

NERSC

Priority:

Page 74

State

Research area

Open ocean areas

Participating inst.

Met.no, NP, AWI, NIVA,
NORUT

High Importance

Describe the most relevant satellites
and sensors, including
data coverage, resolution, observed
parameters, agency etc.

Describe data policy and access
possibilities for research in SIOS
Prioritised satellite missions for SIOS
research in the next decade
What are the scientific benefits of using
the EO data ?

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .
Which agencies and institutions will
NERSC report

Passive microwave radiometers, Scatterometers, SARs
and alrtimeters:
ERS/AMI/RA, Envisat/ASAR, Radarsat/SAR, Jason/LRA,
AQUA/AMSRE, MetOp/ASACT, SeaWinds/QuikSCAT,
JASON/POSEIDON
Radiometers: Swath: 1000-1500 km, resolution: 20–120 km
Scatterometers: swath: 500–1500 km; resolution:25-50 km
SAR: swath: 100-500 km; resolution: 25-200 m
Altimeters: swath: single pixel; resolution: 5 km
Observed parameters:
wave spectra; wavelength; propagation direction;
significant wave height, surface wind speed and direction
SAR L2 high resolution data availability is limited
nowadays. ESA will change data access policy for future
missions and will distribute data freely.
Sentinel1/SAR, Sentinel3/SRAL
Wind fields are attractive for applications in coastal regions,
smaller enclosed seas and in the vicinity of the marginal
ice zones. This is not only for scientific interest (such as
wind-wave coupling and air–sea interaction studies) but
also for practical applications including towing operations,
harbor and pilot boat operations and selection of sites for
wind mills.
The improvements in the initial wind field and wave data
provided by the scatterometer data have a beneficial
impact on analyses and short-range forecasts, probably
mainly from the improvements on the subsynoptic scales.
Forcing of ocean-wave and ocean-circulation models,
through improved estimation of air-sea fluxes;
Climate monitoring;
Monitoring the frequency and strength of tropical cyclones;
Climatological information in support of marine operations
(e.g., ship design and oil exploration. Required input
parameters to ocean-atmosphere coupling schemes of
climate models. Sea state is fundamental to the corrections
required to derive climate-quality sea-surface topography.
As such, it is an essential by-product of the spaceborne
contribution to sea-level derivation. Wave climatologies
influence ship and platform design and coastal
infrastructure
All open ocean research campaigns and in-situ
observations will benefit from the application

NOAA, NASA, ESA
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provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?
Does existing applications/products
cover SIOS’s needs or are new
applications or products needed to be
developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?

The existing products cover SIOS’s needs.
Wind retrieval algorithms developed at NERSC cover SIOS
needs.

Other comments to usage of the EO
data in this application

NERSC report
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Short title of EO data
application

Sea Level

Research area

Open ocean areas

Leader ins.

NERSC

Participating inst.

Met.no, NP, AWI, NIVA,
NMA

Priority:

High Importance

Describe the most relevant satellites
and sensors, including
data coverage, resolution, observed
parameters, agency etc.
Describe data policy and access
possibilities for research in SIOS

Alrtimeters
ERS2/RA,
Envisat/DORIS, CryoSAT2/DORIS,
Jason/DORIS/POSEIDON, OSTM/Jason, Sentinel3/SRAL\
Swath: single pixel; resolution: 5 km
Observed parameters: sea level, sea level anomalies
Data are freely available

Prioritised satellite missions for SIOS
research in the next decade

Envisat/DORIS, CryoSAT2/DORIS, Sentinel3/SRAL

What are the scientific benefits of using
the EO data ?

With a precise geoid it is possible to determine the absolute
sea level and its spatial and temporal variability. Sea-level
change is one of the most important components of global
climate research. Global-averaged sea-levels are
considered to have risen by between 10 and 25 cm during
the past century, and are predicted to rise by the order of
half a meter in the next century
.
Estimates of state of the global ocean and its evolution
under anthropogenic forcing. Evaluation of skill of climate
models to reproduce past sea level and provide realistic
projections. Critical information to coastal communities
All open ocean research campaigns and in-situ
observations will benefit from the application

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .
Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?

NOAA, NASA, ESA

Does existing applications/products
cover SIOS’s needs or are new
applications or products needed to be
developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?

The existing products cover SIOS’s needs.

Other comments to usage of the EO
data in this application
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Short title of EO data
application

Ocean
dynamic
topography

Research area

Open ocean areas

Leader ins.

NERSC

Participating inst.

Met.no, NP, AWI, NIVA,
Norut

Priority:

High Importance

Describe the most relevant satellites
and sensors, including
data coverage, resolution, observed
parameters, agency etc.

Describe data policy and access
possibilities for research in SIOS

Alrtimeters
ERS2/RA,
Envisat/DORIS, CryoSAT2/DORIS,
Jason/DORIS/POSEIDON, OSTM/Jason, Sentinel3/SRAL\
Swath: single pixel; resolution: 5 km
Observed parameters:
sea level, sea level anomalies
Data are freely available

Prioritised satellite missions for SIOS
research in the next decade

Envisat/DORIS, CryoSAT2/DORIS, Sentinel3/SRAL

What are the scientific benefits of using
the EO data ?

Radar altimetry from satellites have been used for more
than a decade to map open ocean circulation. To advance
our knowledge and prediction capabilities of the world
climate at seasonal, interannual, and longer time scales, it
is essential that ocean circulation processes be well
observed, understood and simulated.
All open ocean research campaigns and in-situ
observations will benefit from the application

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .
Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?

NOAA, NASA, ESA

Does existing applications/products
cover SIOS’s needs or are new
applications or products needed to be
developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?

The existing products cover SIOS’s needs.

Other comments to usage of the EO
data in this application
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Short title of EO data
application

Ocean
surface
currents speed and
direction

Research area

Open ocean areas

Leader ins.

NERSC

Participating inst.

Met.no, NP, AWI, NIVA,
Norut

Priority:

High Importance

Describe the most relevant satellites
and sensors, including
data coverage, resolution, observed
parameters, agency etc.

SARs
Envisat/ASAR, Radarsat/SAR
SAR: swath: 100-500 km; resolution: 25-200 m
Ocean surface currents speed and direction

Describe data policy and access
possibilities for research in SIOS

Permission from ESA needed for access to
ENVISAT/ASAR

Prioritised satellite missions for SIOS
research in the next decade

Envisat/ASAR,
Sentinel1/SAR

What are the scientific benefits of using
the EO data ?

ASAR imagery are used to map sea surface currents at
high spatial scale and contribute to understanding of
general circulation. To advance our knowledge and
prediction capabilities of the world climate at seasonal,
interannual, and longer time scales, it is essential that
ocean circulation processes be well observed, understood
and simulated.
All open ocean research campaigns and in-situ
observations will benefit from the application

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .
Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?

ESA

Does existing applications/products
cover SIOS’s needs or are new
applications or products needed to be
developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?

The existing products cover SIOS’s needs.

Other comments to usage of the EO
data in this application
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Short title of EO data
application

Sea
surface
temperature

Research area

Open ocean areas

Leader ins.

NERSC

Participating inst.

Met.no, NP, AWI, NIVA,
Norut

Priority:

High Importance

Describe the most relevant satellites
and sensors, including
data coverage, resolution, observed
parameters, agency etc.

Describe data policy and access
possibilities for research in SIOS

Microwave and thermal IR radiometers
NOAA/AVHRR, METEOSAT/MVIRI, Aqua/MODIS/AMSRE,
ERS2/ATSR, Envisat/AATSR,
AMSR-E, Sentinel3/SLSTR
MV radiometers:
Swath: 700 – 2000 km, resolution: 4 – 120 km
TIR radiometers:
Swath: 3000 km, resolution: 1 km
Observed parameters: sea surface temperature
SST data is freely available

Prioritised satellite missions for SIOS
research in the next decade

NOAA/AVHRR, Aqua/MODIS/AMSRE,
Envisat/AATSR, Sentinel3/SLSTR

What are the scientific benefits of using
the EO data ?

Sea-surface temperature (SST) and its variability
connected with both global climate change and mesoscale
frontal dynamics and upwelling zones. The improved
resolution with respect to previous instruments as well as
the synergies possible with other missions contribute to a
worldwide operational oceanographic service
SST is a fundamental indicator for the state of the climate
system. SST is required for the validation of climate models
Computation of air-sea heat, moisture, momentum, and
gas fluxes and uptake of carbon by the ocean
Quality control of in situ data (particularly ship data) [IP-10:
Action O3]. Input parameter for atmospheric reanalysis and
seasonal-to-interannual and decadal climate prediction
Monitoring of Marine Biodiversity and Habitat Properties
All open ocean research campaigns and in-situ
observations will benefit from the application

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .
Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?

NOAA, NASA, ESA

Does existing applications/products
cover SIOS’s needs or are new
applications or products needed to be
developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?

The existing products cover SIOS’s needs.

Other comments to usage of the EO
data in this application

NERSC report
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Short title of EO data
application

Sea surface salinity

Research area

Open ocean areas

Leader ins.

NERSC

Participating inst.

Met.no, NP, AWI, NIVA,
Norut

Priority:

High Importance

Describe the most relevant satellites
and sensors, including

SMOS, Aquarius

data coverage, resolution, observed
parameters, agency etc.
Describe data policy and access
possibilities for research in SIOS

NRT data is distributed for pre-registered users

Prioritised satellite missions for SIOS
research in the next decade

SMOS, Aquarius

What are the scientific benefits of using
the EO data ?

The distribution of salt in the global ocean and its annual as
well as interannual variability are crucial in understanding
the role of the ocean in the climate system. In-situ salinity
measurements are only scarcely distributed over the
oceans.

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .

The importance of the sea-surface salinity field has been
demonstrated in hindcasts of El Niño (because of the
changes in salinity in the West Pacific Warm Pool region),
as well as in the climate of the high-latitude North Atlantic
(with respect to the Great Salinity Anomaly and possible
implication in the strength of the Atlantic Meridional
Overturning Circulation), and for improving estimates of
precipitation over the ocean. It will help in the development
of coupled climate models.
All open ocean research campaigns and in-situ
observations will benefit from the application

Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?

ESA

Does existing applications/products
cover SIOS’s needs or are new
applications or products needed to be
developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?

SSS retrievals from space in polar and sub-polar regions
should be thoroughly validated

Other comments to usage of the EO
data in this application

NERSC report
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Short title of EO data
application

Mesoscale
features

Leader ins.

NERSC

Priority:

oceanic
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Research area (

Open ocean areas

Participating inst.

Met.no, NP, AWI, NIVA,
Norut

High Importance

Describe the most relevant satellites
and sensors, including
data coverage, resolution, observed
parameters, agency etc.

Describe data policy and access
possibilities for research in SIOS
Prioritised satellite missions for SIOS
research in the next decade

Thermal IR radiometers, Visible/Near IR spectrometers,
SARs
NOAA/AVHRR, Aqua/MODIS/, ERS2/ATSR,
Envisat/AATSR/ASAR, ENVISAT/MERIS,
Sentinel3/SLSTR
MV radiometers:
Swath: 700 – 2000 km, resolution: 4 – 120 km
TIR radiometers:
Swath: 3000 km, resolution: 1 km
SAR: swath: 100-500 km; resolution: 25-200 m
VNIR spectrometers:
Swath: 2000 km, resolution: 300 m
Observed parameters:
fronts, eddies, internal waves, current shear,
convergence/divergence
Data are often not provided directly by the EO agencies,
but often as products/services through independent
organisations through ESA/EU funded projects (e.g. ESA
CCI)
Aqua/MODIS/AMSRE,
ENVISAT/MERIS/SAR/AATSR/RA2, Sentinel1/SAR
Sentinel3/SRAL/OLCI/SLSTR

What are the scientific benefits of using
the EO data ?
Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .

All open ocean research campaigns and in-situ
observations will benefit from the application

Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?

NASA, ESA, NERSC

Does existing applications/products
cover SIOS’s needs or are new
applications or products needed to be
developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?

Regional products for Svalbard needs further development

Other comments to usage of the EO
data in this application

NERSC report
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Short title of EO data
application

Ice concentration,

Leader inst.

NERSC

Priority:
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Research area

Sea ice

Participating inst.

Met.no, NPI, AWI

area, extent, edge

High importance (for both operational and climate research)

Describe the most relevant satellites
and sensors, including
data coverage, resolution, observed
parameters, agency etc.

Describe data policy and access
possibilities for research in SIOS
Prioritised satellite missions for SIOS
research in the next decade

- Relevant satellite sensors are:
a) Passive microwave – low resol. E.g. AQUA AMSR.
b) Optical – med.resol. E.g. NOAA AVHRR.
c) SAR – high resol. E.g. ENVISAT ASAR.
- Data coverage is ocean-wide, daily (except SAR).
- Resolution is from 50km (low), 1km (med.), to 10m (high).
- Basic parameters are ice/water discrimination, ice edge
position, concentration within resol.cell in %.
- Main agencies: ESA, NASA, NOAA.
NASA, NOAA and Eumetsat data are freely available (e.g.
from Eumetcast).
Permission needed for access to ASAR.
GCOM-W (trough Eumetsat or directly Svalsat).
Satellites with SAR, with multi-polarization, multi-frequency
for discriminating ice /water.

What are the scientific benefits of using
the EO data ?

Satellites provide a wealth of information on the Arctic
ocean and sea ice, not possible covered by traditional
observations. The observations to be exploited are
instruments on polar orbiting platforms with excellent Arctic
coverage. In-situ and campaign data are needed to be colocated with satellite data, to develop optimal use of both
types of sea ice data.

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .

All sea-ice research campaigns and in-situ observations
will benefit from the application

Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?

NASA, NOAA, Eumetsat, ESA, …

Does existing applications/products
cover SIOS’s needs or are new
applications or products needed to be
developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?

Basic needs largely covered by existing EO products.

Other comments to usage of the EO
data in this application

This application is of high importance for scientific
expeditions, for commercial applications and for long-time
climate research.

NERSC report

Needed improvements: Better discrimination algorithms for
surface types: water/ ice. Better correction of young/thin
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Short title of EO data
application

Ice thickness.

Research area

Sea ice

Leader inst.

NERSC

Participating inst.

Met.no, NPI AWI

Priority: High importance (ice volume basic for climate research)
Describe the most relevant satellites
and sensors, including
data coverage, resolution, observed
parameters, agency etc.

Describe data policy and access
possibilities for research in SIOS

- Relevant satellite sensors:
a) Optical with laser altimeter. ICESAT-2 (NASA,-from
2016)
b) Radar with SAR altimeter. CRYOSAT-2 (ESA)
- Data coverage is narrow stripes at satellite nadir.
- Resolution is in cm-range for processed ice/snow
freeboard.
- Basic parameters are: surface type (water, thin ice, thick
ice) and height-above-geoide = freeboard of ice (radar) or
snow (optical).
c) long wave passive microwave SMOS (ESA)
- range dependent resolution 35-80 km, swath 1000 km
Data are freely available for ICESat-1 (NASA)
Data by permission from ESA

Prioritised satellite missions for SIOS
research in the next decade

The ESA and NASA laser and radar altimeters will be the
main missions. Until ICESAT-2, data from ICESat-1 (2003
- 2009) will be used.
Proxy variables for thickness can be obtained by SAR
(thick/thin ice type signatures) and also by passive
microwave (FY/MY ice types), but with poor accuracy.
Also IR is useful for thin ice (by heat transfer)

What are the scientific benefits of using
the EO data ?

Satellites provide a wealth of information on the Arctic
ocean and sea ice, not possible covered by traditional
observations. The observations to be exploited are
instruments on polar orbiting platforms with excellent Arctic
coverage. In-situ and campaign data are needed to be colocated with satellite data, to develop optimal use of both
types of sea ice data.

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .

Research campaigns and in-situ observations will provide
the data for algorithm improvements in this application.

Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?

NASA, ESA.

Does existing applications/products
cover SIOS’s needs or are new
applications or products need to be
developed? Which institutions can
provide resources needed to develop
the new EO data applications ?

Existing products does not cover present need for largescale ice thickness, important both for operational use and
especially for climate research. Conversion from freeboard
to ice thickness gives a 10-times increase in errors. Snow
and ice parameters in the equation needs to be accurately
known.

Other comments to usage of the EO
data in this application

Algorithm development is ongoing. The required accuracy
of freeboard is in the cm –range.
Combination of ice thickness with area gives ice volume.

NERSC report
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Short title of EO data
application

Ice
motion
deformation

Leader inst.

NERSC

Priority:

and
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Research area

Ocean and sea ice

Participating inst.

Met.no, NP, AWI

High importance (for ice dynamic and ice flux studies)

Describe the most relevant satellites
and sensors, including
data coverage, resolution, observed
parameters, agency etc.

Relevant are all satellite sensors that image the ice
features frequently. Pair of images are compared and
motion measured by correlation or by feature tracking,
possible by optical, passive microwave and SAR imagery.
Resolution varies from 10km (passive) to 10 m (SAR).
Coverage depends on season (no passive in summer,
otherwise oceanwide), and image overlap interval (average
3 days for single SAR in Svalbard waters)

Describe data policy and access
possibilities for research in SIOS

NASA, NOAA and Eumetsat data are freely available (e.g.
from Eumetcast).
Permission needed for access to ASAR.
GCOM-W (trough Eumetsat or directly Svalsat).

Prioritised satellite missions for SIOS
research in the next decade

Passive and active microwave imagery.
SAR missions is an advantage.

What are the scientific benefits of using
the EO data ?

Satellites provide a wealth of information on the Arctic
ocean and sea ice, not possible covered by traditional
observations, e.g. drifting platforms. The observations to be
exploited are instruments on polar orbiting platforms with
excellent Arctic coverage.

Use of several

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .
Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?

NASA, NOAA, Eumetsat, ESA, …

Does existing applications/products
cover SIOS’s needs or are new
applications or products need to be
developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?

Increase in the frequency of SAR imagery coverage will
improve the product. May be obtained by combined use of
several SAR missions.

Other comments to usage of the EO
data in this application

The application is important for studies of mesoscale ice
dynamics and ice flux studies, e.g. through the Fram Strait.

NERSC report
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Short title of EO data
application

Iceberg
detection
and tracking

Research area

Ocean and sea ice

Leader inst.

NERSC

Participating inst.

Met.no, NP, AWI

Priority:

High importance (for operational use in drifting ice /open water)

Describe the most relevant satellites
and sensors, including
data coverage, resolution, observed
parameters, agency etc.

High spatial resolution satellite imagery is needed.
In cloudfree daylight, optical high-resolution can be used.
For all-conditions, SAR high-resolution is needed, using
spot-mode and with low speckle noise, if available.
Pre-ordering is generally needed for coverage of the areaof-interest by highest-resolution images.

Describe data policy and access
possibilities for research in SIOS

Pre-ordering on short notice must be available.

Prioritised satellite missions for SIOS
research in the next decade

All satellite missions with high spatial resolution (better than
10m) optical and SAR images.

What are the scientific benefits of using
the EO data ?

Satellites provide a wealth of ice information, including the
Arctic icebergs, not possible covered by traditional
observations. The observations to be exploited are
instruments on polar orbiting platforms with excellent Arctic
coverage. In-situ and campaign data are needed to be colocated with satellite data, to develop optimal use of both
types of data for iceberg detection and tracking.

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .
Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?

Near real time data and frequent coverage is necessary for
operational use in iceberg tracking (outside of fast ice and
for grounded bergs).

Does existing applications/products
cover SIOS’s needs or are new
applications or products need to be
developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?

Dependent on operational activity in iceberg infested
waters.

Other comments to usage of the EO
data in this application

Due to the difficulty of separating between icebergs and
sea ice floes, other data must frequently be used to obtain
adequate detection accuracy.
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Short title of EO data
application

Ice type
classification.

Research area

Ocean and sea ice

Leader inst.

NERSC

Participating inst.

Met.no, NPI, AWI

Priority:

High importance

Describe the most relevant satellites
and sensors, including
data coverage, resolution, observed
parameters, agency etc.

Describe data policy and access
possibilities for research in SIOS

- Relevant satellite sensors are:
a) Passive microwave – low resol. E.g. AQUA AMSR.
b) Optical – med.resol. E.g. NOAA AVHRR.
c) SAR – high resol. E.g. ENVISAT ASAR.
- Data coverage is ocean-wide, daily (except SAR).
- Resolution is from 50km (low), 1km (med.), to 10m (high).
- Basic parameter is the ice type, following WMO
classification, mapped by e.g. egg-codes.
- Main agencies: ESA, NASA, NOAA.
NASA, NOAA and Eumetsat data are freely available (e.g.
from Eumetcast).
Permission needed for access to ASAR.
GCOM-W (trough Eumetsat or directly Svalsat).

Prioritised satellite missions for SIOS
research in the next decade

Combination of several simultaneous images with varying
polarization and/or spectral bands to use as input to new /
improved algorithms. Multi-polarization / multi-frequency
missions needed. Constellation of SAR satellites (L, C,X
bands) can be useful.

What are the scientific benefits of using
the EO data ?

Satellites provide a wealth of information on the Arctic
ocean and sea ice, not possible covered by traditional
observations. The observations to be exploited are
instruments on polar orbiting platforms with excellent Arctic
coverage. In-situ and campaign data are needed to be colocated with satellite data, to develop optimal use of both
types of sea ice data

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .

All sea-ice research campaigns and in-situ observations
will benefit from the application.

Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?

NASA, NOAA, Eumetsat, ESA, …

Does existing applications/products
cover SIOS’s needs or are new
applications or products needed to be
developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?

Needed improvements: Better discrimination algorithms for
surface types: water / thin-ice/ firstyear ice / multiyear ice /
deformed ice / etc…

Other comments to usage of the EO
data in this application

This application is of high importance for scientific
expeditions, and for commercial applications.
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Short title of EO data
application

Marine biology

Research area

Biosphere

Leader ins.

Norut

Participating inst.

NIVA, NINA, UNIS, CNR

Priority:

High Importance

Describe the most relevant satellites
and sensors, including
data coverage, resolution, observed
parameters, agency etc.

Many satellites provide relevant data, see table x below.
Observed parameters: Chlorophyll-A, algae concentrations,
PAR, aerosol optical depth, inorganic particulate, organic
carbon particulate, SST (only sensors with TIR channels)

Describe data policy and access
possibilities for research in SIOS
Prioritised satellite missions for SIOS
research in the next decade

MERIS (Envisat) and OLCI(sentinel-3A), NASA

What are the scientific benefits of using
the EO data ?

Only option to get regular or wide area coverage

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .

Ferry box (NIVA),

How can collection of in situ data and
implementation of cal/val activities in
SIOS enhance the EO data quality ?

Products developed for mid latitudes. In situ cal/val
essential to improve product quality and confidence in high
latitude results.

Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?

ESA, NASA

MODIS (Aqua and Terra) and VIIRS (NPP)

Does existing applications/products
cover SIOS’s needs or does new
applications or products (e.g. regional
products for the Svalbard area) need to
be developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?
Other comments to usage of the EO
data in this application
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6.2.3

Research area: Terrestrial cryosphere

Short title of EO data
application

Surface elevation,
and elevation
change

Research area

Leader ins.

NPI

Participating inst.

Priority:
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Terrestrial sciences,
Cryosphere

High Importance

Describe the most relevant satellites
and sensors, including
data coverage, resolution, observed
parameters, agency etc.

Radar and laser altimetry (CryoSat, IceSat), High
Resolution Stereoscope (SPOT-5 HRS, ASTER), Gravity
(GRACE), TerraSAR-X tandem

Describe data policy and access
possibilities for research in SIOS

Open access: Cryosat, Sentinel, ICESat, ASTER

Prioritised satellite missions for SIOS
research in the next decade

Cryosat, Sentinel-3, ICESat-2

What are the scientific benefits of using
the EO data ?

Good spatial and temporal coverage.

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .

In situ glaciological measurements are annually performed
by NPI, Institute of Geophysics, Polish Academy of
Sciences, UIO, UNIS. Most relevant parameters are DGPS profiles, Snow depth and density, firn density and
thickness, as well as mass balance.

Restricted access: SPOT, TerraSAR-X

Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?
Does existing applications/products
cover SIOS’s needs or does new
applications or products (e.g. regional
products for the Svalbard area) need to
be developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?

Ready processed and analysed elevation change products
are today not available other than published demonstrator
or prototype studies covering limited areas and time span.

Other comments to usage of the EO
data in this application

NERSC report
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Short title of EO data
application

Surface type, facie
and balance area

Research area

Leader ins.

NPI

Participating inst.

Priority:
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Terrestrial
Cryosphere

sciences,

High Importance

Describe the most relevant satellites
and sensors, including
data coverage, resolution, observed
parameters, agency etc.
Describe data policy and access
possibilities for research in SIOS

Most relevant sensors are: SAR, Radar altimeters and
optical (single- and multi-channel SAR data, multi- and
hyper-spectral data, and combined SAR/ optical data.)

Commercial or national quota/Constrained Access:
RS2, TerraSAR-X, RapidEye, Cosmo SkyMed
Open access: Sentinel-1, 2 & 3, Cryosat, LDCM

Prioritised satellite missions for SIOS
research in the next decade

RS2, Cryosat, Sentinel-1,2 & 3, ALOS-2, RS C1,2 & 3

What are the scientific benefits of using
the EO data ?

Good spatial and temporal coverage.

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .

In situ glaciological measurements are annually performed
by NPI, Institute of Geophysics, Polish Academy of
Sciences, UIO, UNIS. Most appropriate parameters are
mass balance data as well as ground based radar
measurements.

Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?
Does existing applications/products
cover SIOS’s needs or does new
applications or products (e.g. regional
products for the Svalbard area) need to
be developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?

A prototype glacier surface type (GST) and glacier balance
area (GBA) are under evaluation in Cryoclim.

Other comments to usage of the EO
data in this application
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Short title of EO data
application

Glacier boundary

Research area

Leader ins.

NPI

Participating inst.

Priority:
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Terrestrial
Cryosphere

sciences,

High Importance

Describe the most relevant satellites
and sensors, including

Optical and SAR images

data coverage, resolution, observed
parameters, agency etc.
Describe data policy and access
possibilities for research in SIOS

Open access: Sentinel-1& 2, LDCM, ASTER

Prioritised satellite missions for SIOS
research in the next decade

Radarsat-2, Sentinel-1 & 2, LDCM

What are the scientific benefits of using
the EO data ?

Good spatial and temporal coverage.

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .

GLIMS, Cryoclim

Constrained
access:
Radarsat-2,
CosmoSkyMed, TerraSAR-X, RS C1,2,3

RapidEye,

Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?
Does existing applications/products
cover SIOS’s needs or does new
applications or products (e.g. regional
products for the Svalbard area) need to
be developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?

GLIMS, Cryoclim

Other comments to usage of the EO
data in this application
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Short title of EO
data application

Glacier, ice cap and moraine
velocity/dynamics/deformation
and change detection

Research area

Leader ins.

NPI

Participating
inst.

Priority:

Terrestrial sciences,
Cryosphere

High Importance

Describe the most relevant satellites and
sensors, including
data coverage, resolution,
parameters, agency etc.
Describe data policy and
possibilities for research in SIOS

SAR and optical images

observed
access

Open access: Sentinel-1&2
Commercial or national quota/ Constrained access:
RadarSat-2, TerraSAR-X, RapidEye, CosmoSkyMed,
RS C1,2,3

Prioritised satellite missions for SIOS
research in the next decade

Sentinel-1&2, ALOS-2

What are the scientific benefits of using
the EO data ?

Good spatial and temporal coverage.

Planned large-scale research campaigns
and in-situ measurements which can
benefit from the EO data application .

Ground based measurements are annually performed by
NPI, Institute of Geophysics, Polish Academy of
Sciences, UIO, UNIS. D-GPS velocity measurements
most relevant.

Which agencies and institutions will
provide the EO data from L1 to L2 and L3
(archived and near realtime data) ?
Does existing applications/products cover
SIOS’s needs or does new applications or
products (e.g. regional products for the
Svalbard area) need to be developed?
Which institutions can provide resources
needed to develop the new EO data
applications (both partners and nonpartners of SIOS) ?
Other comments to usage of the EO data
in this application
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Short title of EO data
application

Snow thickness

Research area

Snow density
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Terrestrial
Cryosphere

sciences,

Snow wetness
Leader ins.
Priority:

NPI

Participating inst.

High Importance

Describe the most relevant satellites
and sensors, including

Envisat, RS2, CosmoSkyMed, TerraSAR-X, RS C1,2,3,
CoReH2O, Sentinel-1

data coverage, resolution, observed
parameters, agency etc.

ALOS-2

Describe data policy and access
possibilities for research in SIOS

Open access: Sentinel-1

Prioritised satellite missions for SIOS
research in the next decade

CoReH2O, Sentinel-1, RS2

What are the scientific benefits of using
the EO data ?

Good spatial and temporal coverage.

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application.

NPI, UIO, UNIS and Institute of Geophysics, Polish
Academy of Sciences, have long-term campaigns
collecting snow parameter data both at fixed point stations
(like AWS sonic rangers, thermistor string data and optical
imagery) as well as spatially and temporarily variable
locations.

Commercial or national quota/ Constrained access: RS2,
CosmoSkyMed, TerraSAR-X, RS C1,2,3,

Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?
Does existing applications/products
cover SIOS’s needs or does new
applications or products (e.g. regional
products for the Svalbard area) need to
be developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?

GLOBSNOW II

Other comments to usage of the EO
data in this application
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Short title of EO data
application

Snow melt and area

Research area

Leader ins.

NPI

Participating inst.

Priority:
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Terrestrial
Cryosphere

sciences,

High Importance

Describe the most relevant satellites
and sensors, including

Optical and SAR images:

data coverage, resolution, observed
parameters, agency etc.
Describe data policy and access
possibilities for research in SIOS

Open Access: Sentinel-1&2, Landsat-7, LDCM

Prioritised satellite missions for SIOS
research in the next decade

Sentinel 1&2, LDCM, ALOS-2, RS C1,2,3

What are the scientific benefits of using
the EO data ?

Good spatial and temporal coverage.

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application.

NPI, UIO, UNIS and Institute of Geophysics, Polish
Academy of Sciences, have long-term campaigns
collecting snow parameter data both at fixed point stations
(like AWS sonic rangers, thermistor string data and optical
imagery) as well as spatially and temporarily variable
locations.

Commercial or national quota/ Constrained access: RS2,
TerraSARX, Cosmo SkyMed, RS C1,2,3

Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?
Does existing applications/products
cover SIOS’s needs or does new
applications or products (e.g. regional
products for the Svalbard area) need to
be developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?
Other comments to usage of the EO
data in this application
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Short title of EO data
application

Albedo
reflectance

Leader ins.

NPI

Priority:

and

Research area
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Terrestrial
Cryosphere

sciences,

Participating inst.

High Importance

Describe the most relevant satellites
and sensors, including

AATSR (ESA), AVHRR (NOAA), MODIS (NASA),
MERIS (ESA), Sentinel-2, LDCM (NASA & USGS)

data coverage, resolution, observed
parameters, agency etc.
Describe data policy and access
possibilities for research in SIOS

Open access:

Prioritised satellite missions for SIOS
research in the next decade

Sentinel-2, LDCM

What are the scientific benefits of using
the EO data ?

Good spatial and temporal coverage.

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application.

Long term records of albedo and reflectance are currently
collected by AWI, NPI, UIO, UNIS.

MODIS, MERIS, Sentinel-2, LDCM

Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?
Does existing applications/products
cover SIOS’s needs or does new
applications or products (e.g. regional
products for the Svalbard area) need to
be developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?
Other comments to usage of the EO
data in this application
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Short title of EO data
application

Calving, grounding Research area
line and floating
ice tongues

Leader ins.

NPI

Priority:
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Terrestrial
Cryosphere

sciences,

Participating inst.

High Importance

Describe the most relevant satellites
and sensors, including

SAR and optical images

data coverage, resolution, observed
parameters, agency etc.
Describe data policy and access
possibilities for research in SIOS

Open access:
Sentinel 1&2, LDCM
Commercial or national quota:
RS2, RapidEye, TerraSAR-X,

Prioritised satellite missions for SIOS
research in the next decade

Sentinel 2, LDCM, RS C1,2,3, ALOS-2

What are the scientific benefits of using
the EO data ?

Good spatial and temporal coverage.

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application.

UIO and UNIS have campaigns collecting ground truth
calving data.

Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?

	
  

Does existing applications/products
cover SIOS’s needs or does new
applications or products (e.g. regional
products for the Svalbard area) need to
be developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?
Other comments to usage of the EO
data in this application
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Short title of EO data
application

Lake
freeze/break up

Leader ins.

NPI

Priority:

ice

Research area

Page 96

Terrestrial
Cryosphere

sciences,

Participating inst.

High Importance

Describe the most relevant satellites
and sensors, including

Optical and SAR images

data coverage, resolution, observed
parameters, agency etc.
Describe data policy and access
possibilities for research in SIOS

As above

Prioritised satellite missions for SIOS
research in the next decade
What are the scientific benefits of using
the EO data ?
Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .

Not aware of long term measurements.

How can collection of in situ data and
implementation of cal/val activities in
SIOS enhance the EO data quality ?
Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?
Does existing applications/products
cover SIOS’s needs or does new
applications or products (e.g. regional
products for the Svalbard area) need to
be developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?
Other comments to usage of the EO
data in this application
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6.2.4

Research area: Permafrost and geohazards

Short title of EO data
application

Permafrost
geohazards

Leader ins.

Norut

Priority:
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and

Research area

Permafrost, geohazards
and geology

Participating inst.

AWI, UNIS, NINA

High Importance

Describe the most relevant satellites
and sensors, including
data coverage, resolution, observed
parameters, agency etc.

See table below for satellite data used in this research area
Observed parameters: Ground displacement

Describe data policy and access
possibilities for research in SIOS
Prioritised satellite missions for SIOS
research in the next decade

Radarsat 2, Sentinel 1,TerraSAR X

What are the scientific benefits of using
the EO data ?

Only option to get wide area coverage

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .
How can collection of in situ data and
implementation of cal/val activities in
SIOS enhance the EO data quality ?

In situ cal/val essential to improve product quality and
geophysical interpretation.

Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?

ESA, CSA, Astrium can provide raw or SLC data.

Does existing applications/products
cover SIOS’s needs or are new
applications or products needed ?
Which
institutions
can
provide
resources needed to develop the new
EO data applications?

No standard product today, Norut and UNIS could develop
permafrost properties product (Onset of active layer
melting, seasonal variations, etc.)

Norut or GlobeSAR can provide L1 data (subsidence/heave
of active layer)

Other comments to usage of the EO
data in this application

SAR sensors
ERS-1/2
Envisat ASAR
Radarsat-2
TerraSAR-X
Sentinel-1a
Sentinel-1b

NERSC report

Agency
ESA
ESA
CSA
Astrium
ESA
ESA

Time Period
1992-2001
2002-2010
200820072013?
2015?

Input format
RAW/SLC
SLC
SLC
SLC
RAW/SLC
RAW/SLC

Temporal scale (days)
35
35
24
11
12
6
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Spatial scale
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Research area: Terrestrial biosphere

Short title of EO data
application

Phenology

Research area

Biosphere

Leader ins.

Norut

Participating inst.

UNIS, NINA, CNR

Priority:

High Importance

Describe the most relevant satellites
and sensors, including

MODIS, MERIS, NOAA-AVHRR,
2KOMPSAT, IRS-AWIFS

GIMMS

NDVI-3G-

data coverage, resolution, observed
parameters, agency etc.

Observed parameters: NDVI, NDWI, NDSI, Enhanced
Vegetation Index (EVI)
Outputs: onset and end of the growing season, Net- and
Gross Primary Production (NPP, GPP)

Describe data policy and access
possibilities for research in SIOS
Prioritized satellite missions for SIOS
research in the next decade

MODIS, Formosat-2,
MODIS.2

Sentinel-2,

Sentinel-3,

MERIS;

What are the scientific benefits of using
the EO data ?

Only option to get wide area coverage

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .

Ongoing in-situ observations close to Longyearbyen and
Ny-Ålesund

How can collection of in situ data and
implementation of cal/val activities in
SIOS enhance the EO data quality ?

In situ cal/val essential to assure product quality.

Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?

Norut can currently provide L3 data (onset and end of
the growing season)

Does existing applications/products
cover SIOS’s needs or does new
applications or products (e.g. regional
products for the Svalbard area) need to
be developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?

Not standard product today, Norut could develop product
for onset and end of the growing season

KOAT and DEFROST

Other comments to usage of the EO
data in this application
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Short title of EO data
application

Vegetation mapping Research area
and monitoring

Biosphere

Leader ins.

Norut

UNIS, NINA, CNR

Priority:

Participating inst.

Medium Importance

Describe the most relevant satellites
and sensors, including

SPOT-5, Landsat TM/ETM+, Quickbird-2,, WW-2, RapidEye, SAR-sensors. IRS-AWIFS

data coverage, resolution, observed
parameters, agency etc.

Observed parameters: remote sensing reflectance
Outputs are maps showing vegetation types as well as
vegetation change maps and disturbance maps.
.

Describe data policy and access
possibilities for research in SIOS
Prioritised satellite missions for SIOS
research in the next decade

Sentinel-2, Sentinel-3, IRS-AWIFS-2 Landsat LDCM, Spot6, Pleiades, Rapid-Eye, WW-2, SAR-sensors (Terra-Sar-X

What are the scientific benefits of using
the EO data ?

Option to get wide area coverage as well as enhanced
spatial and temporal resolution

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .

KOAT, DEFROST

How can collection of in situ data and
implementation of cal/val activities in
SIOS enhance the EO data quality ?

In situ cal/val essential to assure product quality.

Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?

Norut can currently provide L3 data (vegetation types)

Does existing applications/products
cover SIOS’s needs or does new
applications or products (e.g. regional
products for the Svalbard area) need to
be developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?

Not a standard product today, Norut and the supporting
institutes could develop products

Other comments to usage of the EO
data in this application
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Short title of EO data
application

Greenhouse
monitoring

Leader ins.

NINA and NILU

Priority:

gas
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Research area

Biosphere

Participating inst.

NIVA UNIS, Norut, Lund
University, CNR, AWI,
Korean institute

High Importance

Describe the most relevant satellites
and sensors, including
data coverage, resolution, observed
parameters, agency etc.

IBIKU-GOSAT, MODIS, WW-2, Rapid-Eye
Observed parameters are remote sensing radiances (radiospectrometers) in connection with measurements of CO2
and CH4 from the Eddy-Covariance towers and FTIRsensors. Photochemical reflectance indices (PRI) is a
sensitive indicator of seasonal and diurnal variations in
photosynthetic light use efficiency, and its use is therefore
particularly attractive in remote measurement of ε which is
of importance in regional up-scaling of CO2 fluxes.
Outputs are maps showing the spatial variance of the
greenhouse gas content and dynamics around the EddyCovariance towers.

Describe data policy and access
possibilities for research in SIOS
Prioritised satellite missions for SIOS
research in the next decade

IBIKU-GOSAT,OCO-II, IRS-AWIFS-2 Landsat LDCM,
Pleiades, Rapid-Eye, WW-2, Sentinel-4/5

What are the scientific benefits of using
the EO data ?

Scaling up can overcome the modest spatial coverage of
the eddy covariance sites in the regional estimation of CO2
fluxes and methane.

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .

DEFROST, KOAT, (ICOS)

How can collection of in situ data and
implementation of cal/val activities in
SIOS enhance the EO data quality ?

In situ cal/val essential to assure product quality.
Calibration of in-situ measurements with remote sensing
based greenhouse measurements (IBIKU-GOSAT and
OCO-II).

Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?

Norut, NILU,, NIVA, NINA, University of Lund

Does existing applications/products
cover SIOS’s needs or do new
applications or products need to be
developed? Which institutions can
provide resources needed to develop
the new EO data applications?

Existing applications/products do not cover SIOS’s needs.
New applications or products e.g. regional products
showing the dynamics of greenhouse gases for the
Svalbard area are need to be developed.
NILU, NINA, University of Lund, AWI

Other comments to usage of the EO
data in this application
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Research area: Geodesy

Short title of EO data
application

Crustal deformations,
glacial
isostatic
adjustment (GIA), and
present day ice melting
(PDIM)

Research area

Geodesy

Leader ins.

NSC

Participating inst.

NMA

Priority:

High Importance

Describe the most relevant satellites
and sensors, including

GOCE (ESA) uses a gradiometer and observes the gravity field
of the Earth. From the observations, the geoid can be calculated.

data coverage, resolution, observed
parameters, agency etc.

GRACE (NASA/DLR) uses inter-satellite distance measurements
to produce monthly geoid estimates.
Ground based permanent GNSS receivers monitor crustal
deformations, glacial isostatic adjustment (GIA), and present day
ice melting (PDIM).
Interferometric SAR (presently not used by NMA) can be used to
estimate terrain height and terrain movements.

Describe data policy and access
possibilities for research in SIOS

NMA has free access to most of the data from NASA satellites.
Data from the ESA satellites are at no cost, but registration is
needed.

Prioritised satellite missions for SIOS
research in the next decade

Altimetry: Envisat and Sentinel-3 (from 2013?)
GNSS, GOCE, GRACE

What are the scientific benefits of using
the EO data ?

Improve the marine geoide in the Arctic

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .

The NMA plans to build a new geodetic observatory in NyÅlesund, including two new VLBI antennas and satellite laser
ranging. The observatory is presently not funded.

Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?

Products are provided by the respective agencies owning the
satellites.

Does existing applications/products
cover SIOS’s needs or do new
applications or products (e.g. regional
products for the Svalbard area) need to
be developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS)?

Today, GNSS stations are operated in Ny-Ålesund,
Longyearbyen, and Svea. An extended network of GNSS
stations on Svalbard, especially at the east coast, are needed for
a complete understanding GIA, PDIM, sea level, and errors in
satellite data.
An improved regional geoid for Norway and the European Arctic
will be developed by NMA based on various data sources,
notably GOCE.

Other comments to usage of the EO
data in this application
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Research area: Space research

Short title of EO data
application

Magnetic Field

Research area (

Space

Leader ins.

NSC

Participating inst.

NILU, UiO, ARR, UiT

Priority:

Medium Importance

Describe the most relevant satellites
and sensors, including
data coverage, resolution, observed
parameters, agency etc.

Future: SWARM (ESA, CNES, CSA) approved with current
launch date July 2012. Three satellites in polar orbits seeks
to provide the best ever survey of the geomagnetic field
and its temporal evolution, and gain new insights into
improving our knowledge of the Earth’s interior and climate.
Current and future: GRACE instrument on GRACE (NASA,
DLR), measuring the Magnetic Field (vector and scalar),
inclined (89 deg), non-sun-synchronous, launched March
2002, EOL Sept. 2011. GRACE follow on mission
(GRACE-FO) approved; current launch date Dec. 2016.

Describe data policy and access
possibilities for research in SIOS

For GRACE, SWARM and CHAMP there is open access to
the data. There is constrained access to the Russian data.

Prioritised satellite missions for SIOS
research in the next decade

SWARM

What are the scientific benefits of using
the EO data ?

SWARM will both benefit from long-term studies of secular
trends in the geomagnetic field, and near-real time space
weather applications.

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .

ESA’s SWARM cal/val plan should be looked into to see if
Svalbard could be a platform for this

Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?
Does existing applications/products
cover SIOS’s needs or does new
applications or products (e.g. regional
products for the Svalbard area) need to
be developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?
Other comments to usage of the EO
data in this application
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Short title of EO data
application

TEC (total electron
content)

Research area

Leader ins.

NSC

Participating inst.

Priority:
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Space

High Importance

Describe the most relevant satellites
and sensors, including
data coverage, resolution, observed
parameters, agency etc.

Signals from navigation satellites (GPS, Galileo, etc.) are
measured by scintillation receivers on the ground.
Amplitude and phase variations are registered, providing
information on the total electron content along the
propagation path. Hundreds of such receivers are deployed
globally.

Describe data policy and access
possibilities for research in SIOS

	
  

Prioritised satellite missions for SIOS
research in the next decade

All available navigation satellites visible in the SIOS area.

What are the scientific benefits of using
the EO data ?

The data can be used to determine the nature of the
physical processes that are associated with the creation of
the electrons along the path, strongly associated with the
solar cycle. The data can also be used to create real-time
warnings to navigation and communication users, to
assess the impact on GNSS users and develop mitigation
models.

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .

All measurements affected by TEC will benefit from the use
of the data.

Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?
Does existing applications/products
cover SIOS’s needs or does new
applications or products (e.g. regional
products for the Svalbard area) need to
be developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?
Other comments to usage of the EO
data in this application
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Short title of EO data
application

TSI
(total
irradiance)

Leader ins.

NSC

solar

Research area
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Space

Participating inst.

Priority: High Importance
Describe the most relevant satellites
and sensors, including
data coverage, resolution, observed
parameters, agency etc.

NASA: SORCE
The TIM instrument measures the TSI, monitoring changes
in incident sunlight to the Earth's atmosphere using an
ambient temperature active cavity radiometer to an
absolute accuracy of 100 parts per million (ppm and a
precision and long-term relative accuracy of 10 ppm per
year.
NASA/ESA: SOHO
The VIRGO instrument measures variability of solar
irradiance.

Describe data policy and access
possibilities for research in SIOS

Data freely available.

Prioritised satellite missions for SIOS
research in the next decade

All available satellites with relevant instrumentation.

What are the scientific benefits of using
the EO data ?

TSI is strongly linked to processes at the surface of the
sun, which again is linked to climate on the Earth.

Planned
large-scale
research
campaigns and in-situ measurements
which can benefit from the EO data
application .
Which agencies and institutions will
provide the EO data from L1 to L2 and
L3 (archived and near realtime data) ?
Does existing applications/products
cover SIOS’s needs or does new
applications or products (e.g. regional
products for the Svalbard area) need to
be developed? Which institutions can
provide resources needed to develop
the new EO data applications (both
partners and non-partners of SIOS) ?
Other comments to usage of the EO
data in this application
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