FROM THE GUEST EDITORS

BY PIER GIORGIO MARCHETTI, PIERRE SOILLE,
AND LORENZO BRUZZONE
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B igdata from spacerefers to Earth- and space obser-
vation data that are collected by spaceborne and
ground-based sensors. Whether for Earth or space ob-
servation, they qualify for being called big data given
the sheer volume of sensed data (i.e., archived data
reaching the exabyte scale), their high velocity (new
data are acquired on a continuous basis and at an in-
creasing rate), their variety (data are delivered by sen-
sors acting over various frequencies of the electromag-
netic spectrum in passive and active modes), as well
as their veracity (sensed data are associated with un-
certainty and accuracy measurements, and extracted
information needs to be validated). Last but not least,
the value of big data from space depends on our capac-
ity to extract information and meaning from them.

In the case of Earth observation (EO), the first data
revolution occurred in 2008 when the U.S. Geological
Survey decided to release its Landsat archive to the pub-
lic for free, with that archive being the world’s largest his-
torical collection of Earth imagery. The Copernicus pro-
gram of the European Union, with its fleet of Sentinel
twin-satellite constellations operated by the European
Space Agency (ESA), is further revolutionizing EO. It is
indeed making EO truly enter the big data era by gener-
ating unprecedented amounts of free, full, and open EO
data, producing up to 10 TB of data per day when all six
twin-satellite constellations are at full operational capac-
ity. The Sentinel satellite series was initiated in April 2014
with the launch of the Sentinel-1A Synthetic Aperture
Radar mission. It was followed by the successful launch-
es of the Sentinel-2A for high-resolution optical imag-
ery on 29 June 2015, the Sentinel-3A multiple-sensing
instruments on 4 February 2016, and the Sentinel-1B,
the second unit of the Sentinel-1 constellation, on
25 April 2016.
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Furthermore, on 29 January 2016, the first European
Data Relay Satellite (EDRS-A) was launched. Dubbed
the Space Data Highway, EDRS is advancing satellite
communications as Europe’s first optical space com-
munications network, capable of relaying user data
in near-real time at an unprecedented 1.8 Gb/s. This
Space Data Highway will play a key role in relaying the
Sentinel data to ground, given the sheer amount of data
that are being and will be generated by the Sentinel sat-
ellites operated by the ESA in the framework of the Co-
pernicus program that is funded and managed by the
European Commission.

Other recent initiatives for open access to satellite
and satellite-derived data include the U.S. National Oce-
anic and Atmospheric Administration’s big data part-
nership with industry, the free availability since April
2016 of all Earth imagery from the prolific Advanced
Spaceborne Thermal Emission and Reflection Radiom-
eter (ASTER) Japanese remote sensing instrument oper-
ating aboard NASA's Terra spacecraft since late 1999, the
provision by the Japanese Space Agency at no charge of
the global Advanced Land-Observing Satellite “DAICHI”
(ALOS-1) arcsec global digital surface model, and open
access to the data acquired by Brazil from the China-
Brazil Earth Resources Satellite series. The investments
made by public funds have been complemented in the
last few years by additional initiatives from the private
sector, building and launching constellations of small
satellites dedicated to imagery. Besides satellites, numer-
ous other sources of digital geospatial data produced
by countless devices as well as by citizens are becoming
available and can further increase the volume, velocity,
variety, and veracity of the data flows of interest to the
field of remote sensing and geosciences.

These revolutions in EO, paralleled by similar de-
velopments in space observation, triggered the rise of a
new community under the big data from space umbrella
that was initiated in 2013 with the highly successful Big
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THESE FIVE ARTICLES
PROVIDE A SAMPLING THAT

HIGHLIGHTS THE DIVERSITY
OF THE BIG DATA ISSUES
EMERGING IN EO.

Data from Space event organized by the ESA in Frascati,
Italy, which was followed by two equally successful confer-
ences co-organized by the ESA, the Joint Research Center of
the European Commission,
and the European Union
Satellite Center in 2014 and
2016, respectively. The goal
of Big Data from Space is to
foster research, science, in-
novation, and technological
developments that tackle
the big data challenges in
EO to increase and promote
our capacity to extract meaningful information.

For this special issue on big data from space for geosci-
ence and remote sensing, we have collected five articles that
present a snapshot of the recent developments and advanc-
es. These articles were selected through a two-step submis-
sion/review process. The resulting five contributions cover
some of the key challenges and leading-edge developments
in the field of big data from space for the field of remote
sensing and geoscience.

The first article, “Big Data Challenges in Climate Science,”
distinguishes itself by striking a balance between data ana-
lytics and data storage within a cyberinfrastructure for cli-
mate science. The article proposes a new service model, i.e.,
Climate Analytics-as-a-Service, where adaptive analytics ser-
vices coexist with a climate data service that is based on an
evolution of the Open Archive Information System model
while securing interoperability with the Earth System Grid
Federation (ESGF). This type of new model is urgently need-
ed in view of the research community’s collective work that
is expected to generate up to 100 PB of data in the framework
of the next Intergovernmental Panel on Climate Change As-
sessment Report, which is scheduled for 2020.

The second article, “Managing Big, Linked, and Open
Earth-Observation Data,” addresses the challenge posed by
the many applications that require access to data originat-
ing from different data silos. Indeed, linked data is a new
paradigm that studies how data following the Resource
Description Framework can be interconnected to increase
their value. The developed stack of tools is demonstrated
in the context of wildfire-monitoring services. Particular
attention is given to exploration and visualization as well
as discovering services that allow the selection of spatial
and temporal relations.

The third article, “Supporting Earth-Observation Cal-

ibration and Validation,” introduces an emerging field
exploiting the vast amounts of data provided by citizens
in the form of in-situ data as well as visually interpreted
and manually digitized EO data sets. The article pres-
ents a review of the existing crowdsourcing initiatives of
relevance to EO and details a series of case studies be-
fore expanding on the challenges and barriers limiting
the adoption of citizen science and crowdsourcing in
support of EO.

The fourth article, “Big Data Management in Earth Ob-
servation,” emphasizes that big data management in EO
is not just an information technology issue and that close
collaboration and interaction between operations engi-
neers, data managers, system and software engineers, and
scientists are the key to the successful exploitation of satel-
lite data archives.

The fifth and last article, “A Multi-GPU Program for
Uncertainty-Aware Drainage Basin Delineation,” addresses
the timely processing of massive digital elevation models
(DEMs) for river network delineation thanks to the use of
graphics processing units (GPUs) combined with Message
Passing Interface via the host central processing units. The
proposed solution is scalable and will cope with the data
volumes originating from future countrywide DEMs at a
spatial resolution down to 2 m.

These five articles provide a sampling that highlights the
diversity of the big data issues emerging in EO. The veloc
ity at which the data volumes and variety of data sources
is increasing will call for further advances and innovative
approaches. Further effort will be needed, particularly in
metadata processing, to ensure that it will be possible to
select, in an efficient and effective way, the smallest subset
of the available (linked) data needed to provide the desired
information while bringing the uncertainty to an accept-
able level. In addition, big data in geosciences and remote
sensing, unlike in other fields faced with big data issues,
cannot be reduced to data-driven science by simply looking
for correlations and patterns in the input data. Indeed, ex-
pert knowledge in geosciences needs to be combined with
advanced data science to maximize the extraction of valu-
able information in an effective and efficient way. At a tech-
nical level, it will become unsustainable to keep bringing
the data to geoscientists, for the evolution of the bandwith
of network connections is not keeping up with the pace of
data volume increase. Therefore, it will become more and
more important to develop seamless ways to bring the
processing close to the data, including such innovative ap-
proaches as the ESGF developed in the first article of this
special issue.
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