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DeepCube (2021 - 2023) - Explainable AI pipelines for
big Copernicus data - is a three-year project, funded
by the European Union's Horizon 2020 research and
innovation programme, under the topic "Big data
technologies and Artificial Intelligence for Copernicus".

The project leverages the advances in the fields of
Deep Learning and Semantic Web, aiming to unlock
the potential of the vast amounts of free, open data
produced every day by the Sentinel satellites of the
Copernicus Earth Observation programme. The goal of
DeepCube is to address new and ambitious problems
that imply high environmental and societal impact,
enhance our understanding of the Earth's processes
that are correlated with Climate Change, and feasibly
generate high business value.

Visit our website (https://deepcube-h2020.eu/) to
subscribe for our newsletters and follow us on social
media to stay informed about the latest project
developments!
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DeepCube does not emerge in a vacuum. The
big picture is the European Commission's
Destination Earth (DestinE) - an initiative with a
10-year horizon that aspires to create a digital
model of the Earth's physical resources,
providing us with knowledge about the effects of
climate change, the state of the oceans,
biodiversity, land use, and natural resources. This
knowledge coupled with socio-economic
information, can help us plan and prepare better
for major environmental degradation and
climate-related disasters.
The idea of DestinE is to develop dynamic, digital
twins of our planet that are powered by
observations and provide an accurate
representation of the past, present and future
changes on Earth. The ultimate goal is to
reinforce Europe's efforts for sustainable
development, in order to respond to the urgent
challenges addressed by the EU Green Deal.
DeepCube aligns with DestinE via the
development of a scalable, interoperable and
open platform that enables the deployment of
end-to-end Deep Learning pipelines on big
Copernicus Earth Observation (EO) data. The
DeepCube platform consists of technologically
mature components, providing solutions for all
phases of an EO-based AI pipeline, from data
ingestion and organization in data cubes, to
feature engineering, distributed Deep Learning,
semantic reasoning and visualization. 
In addition, it designs and develops new Artificial
Intelligence (AI) architectures to address
problems that imply high environmental and
societal impact.
DeepCube is driven by the scientific and
business questions behind its Use Cases. What
makes its applications different is that they serve
non-traditional use cases, penetrate untapped
markets, exploit unique datasets and employ
new AI architectures.

DEEPCUBE AND THE
DIGITAL TWIN EARTH
BY IOANNIS PAPOUTSIS, DEEPCUBE
COORDINATOR, NATIONAL OBSERVATORY
OF ATHENS, INSTITUTE FOR ASTRONOMY, 
ASTROPHYSICS, SPACE APPLICATIONS & 
REMOTE SENSING

Image source: European Space Agency

DeepCube addresses problems that require
quantitative estimation of geophysical variables.
Such problems cannot provide models defined
exclusively by data and observations, but we
need to be able to explain what our model has
learnt. To this end, we test a hybrid modeling
approach for Earth System Science, where we
combine data-driven modeling bound by
physical parameters, further enhanced through
explainable AI and Causality for "physics-aware"
AI applications. In addition, we exploit the
Copernicus Sentinel-1 archive of interferometric
Synthetic Aperture Radar data - one of the
richest assets of the EO community. We
showcase these in five Use Cases:
UC1 Forecasting localized extreme drought and
heat impacts in Africa,
UC2 Climate induced migration in Africa,
UC3 Fire hazard short-term forecasting in the
Mediterranean,
UC4a Automatic volcanic unrest detection and
alerting and UC4b Deformation trend change
detection for critical infrastructure monitoring,
UC5 Copernicus services for sustainable and
environmentally-friendly tourism.
Now that we need to respond to the biggest
challenges our planet is facing, the combination
of AI and EO can be a game changer in the fight
against Climate Change and its devastating
consequences.
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"We see DeepCube as a
showcase of Digital Twin Earth,

addressing all of its components,
from data to R&D, to new

business models, with Artificial
Intelligence and big Copernicus

data at its core"

https://deepcube-h2020.eu/use-cases/forecasting-localized-extreme-drought-and-heat-impacts-in-africa/
https://deepcube-h2020.eu/use-cases/forecasting-localized-extreme-drought-and-heat-impacts-in-africa/
https://deepcube-h2020.eu/use-cases/climate-induced-migration-in-africa/
https://deepcube-h2020.eu/use-cases/climate-induced-migration-in-africa/
https://deepcube-h2020.eu/use-cases/fire-hazard-forecasting-in-the-mediterranean/
https://deepcube-h2020.eu/use-cases/fire-hazard-forecasting-in-the-mediterranean/
https://deepcube-h2020.eu/use-cases/global-volcanic-unrest-detection-and-alerting/
https://deepcube-h2020.eu/use-cases/global-volcanic-unrest-detection-and-alerting/
https://deepcube-h2020.eu/use-cases/deformation-trend-change-detection-for-infrastructure-monitoring/
https://deepcube-h2020.eu/use-cases/deformation-trend-change-detection-for-infrastructure-monitoring/
https://deepcube-h2020.eu/use-cases/copernicus-services-for-sustainable-and-environmentally-friendly-tourism/
https://deepcube-h2020.eu/use-cases/copernicus-services-for-sustainable-and-environmentally-friendly-tourism/


FORECASTING
CLIMATE CHANGE
IMPACTS IN AFRICA
BY JOSÉ MARÍA TÁRRAGA, MARIA PILES,
EVA SEVILLANO MARCO, GUSTAU CAMPS-
VALLS, JORDI MUÑOZ, UNIVERSITY OF
VALENCIA &
CHRISTIAN REQUENA-MESA, NUNO
CARVALHAIS, MAX PLANCK INSTITUTE FOR
BIOGEOCHEMISTRY Farmer boy in Uganda, Africa. Image source: Pixabay

The focus is to uncover the underlying
mechanisms through modern observational
causal inference models to understand, quantify
and predict displacement flows at regional and
national granularities. The study regions will be
Somalia and Ethiopia, where the enforcement of
comprehensive internal displacement is an
urgent necessity. Casual discovery will be
inferred from contextual information such as
social media, socioeconomic indicators, conflict
events data and environmental variables
extracted from Earth Observation data in synergy
with drought outputs. These two uses cases in
DeepCube aim to close the gap between large
scale models and the impacts that do
materialize in the ground due to the weather
events.
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Climate extremes such as drought, floods, and
heatwaves as experienced repeatedly in the last
decade, are changing in spatial extent and
duration [1] with knock-on effect for the
societies. The impacts of these changes on
various sectors are substantial, for example on
agriculture, inland waterways, and consequently
nutrition and energy supply. 
Millions of disaster displacements have been
systematically recorded since 2008 — on
average, 24.5 million new movements every year
[3]. Weather-related hazards account as the
main trigger for almost 90% of all these
displacements, with conflicts and socio-
economic vulnerability severely aggravating the
situation [2]. With an increasing concentration of
populations in the areas most exposed, such as
the Horn of Africa, the impacts of climate change
are likely to result in increased vulnerability of
residents and more people at risk of being
forcibly displaced.
DeepCube Use Case “Forecasting droughts
impact in Africa” focuses on predicting the
impacts of near future droughts and heatwaves
at a very high resolution local scale. Forecast-
based financing is a cost effective measure for
climate risk mitigation [5] and key to avoid
economical and human life losses. Decision
making is greatly dependent on anticipatory
actions, accuracy of triggering models and
explainability of drivers. Use Case “Climate
induced displacement in Africa” poses a
research challenge due to the complexity in the
identification of cause-effect relations, time lags
and confounders, in addition to the limitation of
dealing with missing and/or incomplete data
with high uncertainty ([7]).

"Climate change is
resulting in unprecedented

extremes placing more
people at risk. In

DeepCube we will provide
scientific evidence to

support drought
forecasting and develop

causal discovery methods
to model, explore and

understand scenarios of
internal displacement in

regions of interest in
Africa"

https://science.sciencemag.org/content/372/6548/1284.full#ref-3
https://science.sciencemag.org/content/372/6548/1284.full#ref-2


Research innovations include the forecasting of
the impacts in Africa at high resolution by using
spectral imagery and the causal discovery. Novel
methods and expertise in AI is combined with
unique expert knowledge from key stakeholders
and local actors. The inclusion of causality is
part of the novel approach that DeepCube will
deploy in these use cases implementation.

References:
[1]Intergovernmental Panel on Climate Change (IPCC),
Climate Change 2014: Synthesis Report. Contribution of
Working Groups I, II and III to the Fifth Assessment
Report of the Intergovernmental Panel on Climate
Change, Core Writing Team, Eds. (IPCC, 2014)
[2] Internal Displacement Monitoring Centre (IDMC),
Global Report on Internal Displacement 2021 (2021);
www.internal-displacement.org/global-report/grid2021.
[3] IDMC, Global Internal Displacement Database;
www.internal-displacement.org/database.
[4] José M. Tárraga, Maria Piles and Gustau Camps-
Valls. (2020). Learning drivers of climate-induced
human migrations with Gaussian processes.” 34th ML4D
Workshop at Conference on Neural Information
Processing Systems (NeurIPS 2020), Vancouver,Canada. 
[5] Pforr, T., Weingärtner, L., & Wilkinson, E. (2020). The
evidence base on Anticipatory Action.
[6] Requena-Mesa, C., Benson, V., Reichstein, M., Runge,
J., & Denzler, J. (2021). EarthNet2021: A large-scale
dataset and challenge for Earth surface forecasting as
a guided video prediction task. In Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern
Recognition (pp. 1132-1142).
[7] Desai, B., Bresch, D. N., Cazabat, C., Hochrainer-
Stigler, S. Mechler, R., Ponserre, S., Schewe, J. (2021).
Addressing the human cost in a changing climate.
Science 18 (pp. 1284-1287).

The common set of variables input for modelling
include namely: soil moisture, NDVI, precipitation
and temperature. In addition, droughts
forecasting makes use of a total of 50 thousand
locations in Africa have been selected to create
a representative dataset at high resolution. Very
similarly, a bigger datacube is to be created for
the area of interest in the displacement use
case. At a later stage, the drought impact index
prediction can be used as a trusted data input in
the causal discovery use case.
The AI community is making decisive steps and
DeepCube is actively promoting stakeholders
engagement in the use cases developments,
where representatives of the Internal
Displacement Monitoring Centre (Maria Teresa
Miranda, Sylvain Ponserre) and Joint Research
Centre (Stefano Iacus, Fabrizio Natale) are
collaborating.
The Max Planck Institute for Biogeochemistry is
developing models accounting for spatial and
memory effects in vegetation and hydric state
dynamics to predict future Earth surface impacts
driven by weather [6]. The University of Valencia
previously addressed the phenomenon at global
scales [4] and in DeepCube is leading local
scale approaches. During the first prototyping
phase, a wide set of deep learning models of
different complexity and time series of
explanatory drivers are being tested to identify
the best performing ones and triggers over all
range of weather conditions and derive newly
harmonized databases. Consistency across
spatio-temporal scales in the modelling phase
will prevent bias while guaranteeing robustness
and fine tuning in cal-val iterations.
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An illustration of the multicausal nature of pastoralists displacement in Somalia (Monitoring
methodology for displacement associated with drought iDMC January 2020)

https://www.internal-displacement.org/publications/monitoring-methodology-for-displacement-
associated-with-drought

http://www.internal-displacement.org/global-report/grid2021
http://www.internal-displacement.org/database
https://www.internal-displacement.org/publications/monitoring-methodology-for-displacement-associated-with-drought


Within DeepCube, the Maggy framework is being
developed and extended. Maggy is a Python
library for Transparent Distributed Hyper
Parameter Optimization (HPO), Ablation and
Training of Machine Learning models. The term
"Transparent" stands for the ability of the library
to convert a single-machine training logic into a
distributed one. Maggy is currently available in
Hopsworks and we are also developing Maggy to
work locally (for example on servers and
workstations) and other platforms such as
Databricks. Maggy supports TensorFlow and
PyTorch. Furthermore, it implements the concept
of "Oblivious training function". Briefly, it means
that developers write only one training logic and
use it for Distributed HPO, Ablation and Training.
We have evaluated some experiments using
Maggy for PyTorch transparent distributed
learning and achieved interesting results in terms
of time performances and scalability. For a more
recent use case, we demonstrate that the added
APIs are also capable of supporting sharded
optimizers, the state-of-the-art in memory
efficient distributed training, allowing for very
large models to be trained. Maggy is nearing a
major milestone, it’s 1.0 release with the release
candidate being available already.

You can follow Hopsworks and Maggy
development on GitHub:
https://github.com/logicalclocks/hopsworks 
https://github.com/logicalclocks/maggy

References:
[1]https://workshop.copernicus.eu/sites/default/
files/content/attachments/ajax/copernicus_ove
rview.pdf

In recent years, unprecedented volumes of data
have been generated in various domains.
Copernicus, a European Union flagship
programme, produces more than three
petabytes (PB) of Earth Observation (EO) data
annually from Sentinel satellites [1]. This data is
made readily available to researchers that are
using it, among other things, to develop Artificial
Intelligence (AI) algorithms in particular using
Deep Learning (DL) techniques that are suitable
for Big Data. One of the greatest challenges that
researchers face however, is the lack of tools
that can help them unlock the potential of this
data deluge and develop predictive and
classification AI models.

HOPSWORKS AND
MAGGY - SCALABLE
AI FOR COPERNICUS
DATA
BY THEOFILOS KAKANTOUSIS & RICCARDO
GRIGOLETTO, LOGICAL CLOCKS
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Enter Hopsworks, an open-source Data-Intensive
AI platform which brings a collaborative data
science environment to researchers who need a
horizontally scalable solution to developing AI
models using Deep Learning. Data scientists on
Hopsworks develop all the steps of end-to-end
machine learning pipelines, from data ingestion,
to data preparation and feature engineering, to
machine learning model development, to putting
the model into production with model serving
and monitoring infrastructure tools, to
orchestrating the pipeline to develop new
models as new data is continuously being
ingested into the platform. 
In addition, Hopsworks has a proven track record
of being utilized for AI with Copernicus and Earth
Observation data in projects such as H2020
ExtremeEarth.

Therefore, DeepCube developers and data
scientists have a powerful platform in their
hands to help implement the project’s use cases
that require extensive AI platform capabilities for
large volumes of data.

https://github.com/logicalclocks/hopsworks
https://github.com/logicalclocks/maggy
https://workshop.copernicus.eu/sites/default/files/content/attachments/ajax/copernicus_overview.pdf


Dr. Papoutsis spoke about the consortium's
objectives, the opportunities for Deep Learning in
Earth Observation, as well as the technologies
and Use Cases of DeepCube. The publication,
titled "DeepCube: Explainable AI pipelines for big
Copernicus data" is available in the proceedings
of the BiDS'21 conference.
Two more DeepCube partners joined BiDS'21 –
Alejandro Diaz of Murmuration explained the
correlation between satellite and in-situ
measurements, studying CO and CO2
observations from Sentinel-5P, OCO-2 and ICOS.
Prof. Koubarakis of the University of Athens
presented H2020 ExtremeEarth, deploying AI and
Big Data for Copernicus.

On 18 May DeepCube participated in the Big Data
from Space (BiDS) 2021 conference, co-
organized by the European Space Agency, the
European Union Satellite Centre and the Joint
Research Centre. The project was introduced by
Ioannis Papoutsis during Session 1 “From Insights
to Foresight” chaired by Xiaoxiang Zhu, German
Aerospace Center.

BIG DATA FROM
SPACE 2021
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On 25 May, DeepCube participated in Data Week
2021 – the spring gathering of the European Big
Data Value and Industrial AI research and
innovation community. Dr. Papoutsis spoke
during the workshop “Artificial Intelligence and
Big Data Technologies for Earth Observation”
organized by Prof. Manolis Koubarakis of the
University of Athens and dedicated to 4 pioneer
H2020 projects that develop AI and Big Data
technologies for Copernicus data. These projects
are ExtremeEarth, AI4Copernicus, DeepCube and
CALLISTO.

DEEPCUBE AT DATA
WEEK 2021

The speakers presented technologies and
applications they are developing in this
important research and innovation area. Prof.
Koubarakis spoke about scalable AI technologies
for Copernicus Data. Vangelis Karkaletsis of the
National Center for Scientific Research
Demokritos presented AI4Copernicus that brings
Copernicus data to the AI4EU Platform. The
workshop continued with the presentation of
DeepCube by Ioannis Papoutsis and the
presentation of CALLISTO by Ilias Gialampoukidis
of the Centre of Research and Technology Hellas.

ONLINE WORKSHOP
ON AI FOR BIG
SATELLITE DATA

DeepCube participated in the online workshop
“Artificial Intelligence for Big Satellite Data” which
was streamed live on YouTube on the 25th of
February 2021.
The event was co-organized by six leading Greek
research institutions – the National Observatory
of Athens, the National Technical University of
Athens, the National and Kapodistrian University
of Athens, the Foundation for Research and
Technology Hellas, the National Center for
Scientific Research “Demokritos” and the Centre
for Research and Technology Hellas – in a joint
effort to showcase how Machine Learning can
help unlock the potential of big Earth Observation
data for socio-environmental good.

https://deepcube-h2020.eu/publications/


The National Observatory of Athens has recently
published an open access datacube for the
wildfire research community, which is meant to
be used to develop models for next day fire
hazard forecasting in Greece. The dataset
includes dynamic variables, such as previous
day Leaf Area Index, evapotranspiration, and
Land Surface Temperature, meteorological data,
fire variables and Fire Weather Index, resampled
at daily temporal resolution and 1km spatial
resolution. It also includes static variables, such
as roads density, population density and
topography layers.
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DEEPCUBE OPEN
ACCESS DATACUBES

Image: Plots of land surface temperature for a series
of days for the whole Greece region

DATACUBE FOR THE WILDFIRE RESEARCH
COMMUNITY

Murmuration, the greentech committed to
sustainable tourism, created a data cube to
calculate the impact of tourism in areas of Brazil.

DATA CUBE FOR THE ENVIRONMENTAL
IMPACT OF TOURISM IN BRAZIL

The datacube includes dynamic variables such
as the land surface temperature, the soil
moisture condition, the Normalized Difference
Vegetation Index, the atmospheric composition
through different variables (carbon monoxide,
nitrogen dioxide, zone, sulphure dioxide, etc), the
thermal comfort index of the Tourism Sustainable
Development Index, as well as other static
variables such as topographic layers or land
cover maps.

Image: Plots of 4 random variables at the same
date. Specifically, O3/CH4 Copernicus atmosphere
composition forecasting and UTCI/MRT thermal
index from Copernicus Climate Change over the Sao
Luis’ region in Brazil

DATA CUBE FOR FOR DROUGHT
FORECASTING IN AFRICA
A dataset of minicubes suitable for Earth Surface
Forecasting has been created by the DeepCube
research team of the Max Planck Institute for
Biogeochemistry. The dataset is focused on
Africa and the task is centered around drought
impact forecasting.
To learn more about the Africa minicubes visit
https://www.earthnet.tech/docs/ds-africa/

Visit the DeepCube website to access all data
cubes on Zenodo and through Copernicus ONDA
DIAS!
https://deepcube-h2020.eu/data-cubes/

The aim of the dataset is to use models to
isolate the impact of a travel package offered by
a tourism stakeholder, so that the virtual extra
cost of a tourist on the local environment can be
calculated.DeepCube in the context of its use cases,

develops and provides on a free and open-
access basis reusable data cubes. Data cubes
are multi-variate data sets of essential Earth
System variables on a common grid and sharing
a common data model, becoming effectively an
Analysis Ready Dataset.

https://www.earthnet.tech/docs/ds-africa/
https://deepcube-h2020.eu/data-cubes/
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