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Flyer FAIRiCUBE
General flyer

Why FAIRiCUBE?
There is an ever-increasing amount of earth observation data availa-
ble, largely in the form of data cubes. The relevant data formats are 
quite mature, data is (at least partially) freely available, various data 
processing libraries as well as visualization and data storage tools 
have been developed. Additionally, compute platforms can be used, 
they scale well and are becoming affordable. 

Despite these relevant evolvements, non-EO experts who would greatly profit by 
integrating these resources into their work are still struggling to make full use 
of the available data as well as relevant analysis and processing tools. Diverse 
aspects continue to confound potential users, such as:

 How to connect different data sources with storage & compute resources?
 What if you bring your own data? 

 What computational aspects must be considered when dealing with gridded
 spatiotemporal data? 

 How can we share tooling such as (trained) machine learning models? 
 How do we visualize and share the results with the relevant stakeholders? 
 How can we properly document what processing has been applied to 

 the data? How can we include this essential provenance information? 

Deliver the power of data cubes and machine 
learning (ML) to decision/policy makers and 
data scientists. 

FAIRiCUBE - www.fairicube.eu -  fairicube@nilu.no

Objective
The objective of the FAIRiCUBE project  
is to enable players from beyond clas-
sic Earth Observation (EO) domains to 
provide, access, process, and share 
gridded data and algorithms in a FAIR 
and TRUSTable manner. 

Our vision 
Within FAIRiCUBE, we demonstrate a harmonized data space, the 
FAIRiCUBE Hub, where we connect all the pieces required for a data 
science pipeline into a user-friendly framework, where everything is 
FAIR (Findable, Accessible, Inter operable, Reusable) and TRUSTable 
(Transparency, Responsibility, User focus, Sustainability, and Technology). 
In this manner, we illustrate how the Green Deal Data Space (GDDS) 
could be formed pertaining to gridded data and the analysis thereof.

This project has received funding from the Horizon Europe program of the EU under grant agreement No 101059238 
Duration of the project: 2022 - 2025 (36 months).
Partners: NILU - The climate and environmental research institute (Coordinator), Epsilon Italia, Natural History Museum Vienna, 
EOX IT Services, Constructor University Bremen, Wageningen University and Research, 4sfera Innova, space4environment. 
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FAIRiCUBE HUB
The FAIRiCUBE Hub is a crosscutting platform and framework 
for data ingestion, provision, analysis, processing and dissemi-
nation, tightly integrated to the common European data spaces.  
As such, the FAIRiCUBE Hub is intended to support domain  
experts and data scientists to access and analyze pre-processed 
data without being burdened by technical issues. 
It aims to provide an overview of data and processing modules  
readily available to unleash the potential of environmental,  
biodiversity and climate data. Potentially, every scientist or deci-
sion maker that works with regular discretized spatiotemporal 
data can benefit from FAIRiCUBE Hub. This way, the power of 

Use cases
Five Use Cases have been designed to illustrate how data- 
driven projects can benefit from cube formats, infrastructure, 
and computational benefits. The requirements from these 
Use Cases will drive the development of the FAIRiCUBE Hub. 
The use cases address different aspects such as:

 EU green deal action items
 different scales (urban / regional)
 pilot cities (Barcelona, Vienna, Oslo, Luxembourg)
 using different objectives and technical platforms

The five use cases are

data cubes and ML can be unlocked for a wider community.  
All the elements of the FAIRiCUBE Hub already exist, for example 
as part of community tools like GitHub or commercial solutions 
provided through our data cube collaborators rasdaman and 
EuroDataCube/EOX. We nevertheless  need to make sure these 
elements are interoperable. Like puzzle pieces fitting together, 
each piece much seamlessly slot into the next piece; where 
this is currently not possible, we develop shims to enable such 
seamless integration. Our vision is to define, standardize and if 
required create these connections. 

Validation of  
Phytosociological  
Methods through  
Occurrence Cubes  

(urban/regional focus)

Biodiversity and  
agriculture nexus  
(regional focus) 

Urban adaptation  
to climate change  

(urban focus)

Analysis of genetic  
drift in Drosophila  

melanogaster  
(regional focus)

Spatial and temporal  
assessment of  
neighborhood  
building stock  
(urban focus)

FAIRiCUBE - www.fairicube.eu -  fairicube@nilu.no
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Flyers FAIRiCUBE
Use case flyer 1

FAIRiCUBE - www.fairicube.eu -  fairicube@nilu.no

Urban adaptation to climate change

Use Case 1

A FAIRiCUBE use case by Wageningen Research

Use case objective 
Climate change poses several challenges to cities, such as 
droughts, urban heat waves, changing precipitation patterns, 
floods and (peri-)urban biodiversity loss. These impacts are 
interrelated with factors like land use activities around cities 
and the socio-economic setting. Datasets on these factors are 
available, but they are complex to integrate and analyze due to 
their heterogeneity, format and quality. The goal of UC1 is to 
harmonize the diverse datasets into structured data cubes and 
provide a comprehensive “toolkit” for their analysis.

Potential applications   
The data analysis toolkit should support European institutions, 
local policy makers and scientists to make well-informed deci-
sions when addressing climate change’s multifaceted impacts.  
One European data cube collects indicators from different 
domains for many cities. It can be used to identify cities with 
similar characteristics, assess climate change impacts across 
the continent and the influence of different factors on cities 
adaptation capacity.

On the local scale, we work closely with city municipalities to 
create city cubes and define specific goals. For example, study 
the effects of various environmental variables on perceived tem-
perature. Where possible, solutions developed for one city will 
be scaled to other cities.

The data cubes  
The European data cube contains data from the climate, land 
and socio-economic domains. Clustering analysis has been 
employed to discover cities that are similar with respect to the 
impact of climate change and their adaptation strategies. This 
dataset is available here.

To understand the effect of covariates on perceived tempera-
ture, the first step is to have an accurate measure. We aim at 
achieving it by integrating in the city cube weather station data. 
Where no station is available, the values will be predicted based 
on land surface temperature, DEM and other variables. 

FAIRiCUBE - www.fairicube.eu -  fairicube@nilu.no
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Why FAIRiCUBE?
There is an ever-increasing amount of earth observation data availa-
ble, largely in the form of data cubes. The relevant data formats are 
quite mature, data is (at least partially) freely available, various data 
processing libraries as well as visualization and data storage tools 
have been developed. Additionally, compute platforms can be used, 
they scale well and are becoming affordable. 

Despite these relevant evolvements, non-EO experts who would greatly profit by 
integrating these resources into their work are still struggling to make full use  
of the available data as well as relevant analysis and processing tools. Diverse 
aspects continue to confound potential users, such as:

 How to connect different data sources with storage & compute resources?
 What if you bring your own data? 

 What computational aspects must be considered when dealing with gridded
 spatiotemporal data? 

 How can we share tooling such as (trained) machine learning models? 
 How do we visualize and share the results with the relevant stakeholders? 
 How can we properly document what processing has been applied to 

 the data? How can we include this essential provenance information? 

Deliver the power of data cubes and machine 
learning (ML) to decision/policy makers and 
data scientists. 

Objective
The objective of the FAIRiCUBE project  
is to enable players from beyond clas-
sic Earth Observation (EO) domains 
to provide, access, process, and share  
gridded data and algorithms in a FAIR 
and TRUSTable manner. 

Our vision 
Within FAIRiCUBE, we demonstrate a 
harmonized data space, the FAIRiCUBE 
Hub, where we connect all the pieces  
required for a data science pipeline into 
a user-friendly framework, where every-
thing is FAIR (Findable, Accessible,  
Inter operable, Reusable) and TRUST-
able (Transparency, Responsibility, User 
focus, Sustainability, and Technology). 
In this manner, we illustrate how the 
Green Deal Data Space (GDDS) could 
be formed pertaining to gridded data 
and the analysis thereof.

This project has received funding from the Horizon Europe program of the EU under grant agreement No 101059238 
Duration of the project: 2022 - 2025 (36 months).
Partners: NILU - The climate and environmental research institute (Coordinator), Epsilon Italia, Natural History Museum Vienna, 
EOX IT Services, Constructor University Bremen, Wageningen University and Research, 4sfera Innova, space4environment. 
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Flyers FAIRiCUBE
Use case flyer serie

FAIRiCUBE - www.fairicube.eu -  fairicube@nilu.no

Urban adaptation to climate change

Use Case 1

A FAIRiCUBE use case by Wageningen Research

Use case objective 
Climate change poses several challenges to cities, such as 
droughts, urban heat waves, changing precipitation patterns, 
floods and (peri-)urban biodiversity loss. These impacts are 
interrelated with factors like land use activities around cities 
and the socio-economic setting. Datasets on these factors are 
available, but they are complex to integrate and analyze due to 
their heterogeneity, format and quality. The goal of UC1 is to 
harmonize the diverse datasets into structured data cubes and 
provide a comprehensive “toolkit” for their analysis.

Potential applications   
The data analysis toolkit should support European institutions, 
local policy makers and scientists to make well-informed deci-
sions when addressing climate change’s multifaceted impacts.  
One European data cube collects indicators from different 
domains for many cities. It can be used to identify cities with 
similar characteristics, assess climate change impacts across 
the continent and the influence of different factors on cities 
adaptation capacity.

On the local scale, we work closely with city municipalities to 
create city cubes and define specific goals. For example, study 
the effects of various environmental variables on perceived tem-
perature. Where possible, solutions developed for one city will 
be scaled to other cities.

The data cubes  
The European data cube contains data from the climate, land 
and socio-economic domains. Clustering analysis has been 
employed to discover cities that are similar with respect to the 
impact of climate change and their adaptation strategies. This 
dataset is available here.

To understand the effect of covariates on perceived tempera-
ture, the first step is to have an accurate measure. We aim at 
achieving it by integrating in the city cube weather station data. 
Where no station is available, the values will be predicted based 
on land surface temperature, DEM and other variables. 

FAIRiCUBE - www.fairicube.eu -  fairicube@nilu.no

Biodiversity and agriculture nexus
A FAIRiCUBE use case by space4environment

Objective 
The main aim of Use Case 2 is to investigate the impact of 
agricultural activities on the environment (e.g., soil, ground-
water, emissions etc.) and further on biodiversity. Within the 
use case customized machine learning tools are utilized within 
data cube-based infrastructure. The expected results are estab-
lished workflows and data pipelines including a prototype of a 
model that predicts causal relations between changes in farm-
land bird biodiversity and specific agricultural practices in the 
Netherlands. 

Applications   
The established model can be used by decision makers in agri-
culture and environmental protection by supporting better-in-
formed decisions such as selecting more nature-inclusive prac-
tices promoting biodiversity through specific applications:

 Spatial categorization: The results of the observation 
and estimation steps for biodiversity can be used to catego-
rize agricultural landscapes and e.g. administrative regions, 
based on predicted suitability. 

 Casual modeling: Causal modelling allows reasoning 
about potential situations to answer ‘What-if?” type of ques-
tions and creating scenarios for farmland landscape devel-
opment considering biodiversity favorable conditions. 

 Smart tools: The presented approach aims at improved 
understanding of causalities between farm activities and 
changes in biodiversity. When results are sufficiently robust, 
the model could be incorporated into advisory tools for 
farmers or policy makers, to help assess the consequences 
of actions.

Approach
Three main data categories (biodiversity, environment and agri-
culture) are handled primarily within their individual processing 
flows and data cubes, which are then ultimately merged using 
causal machine learning. Modelling methods such as causal 
inference and discovery provide insights into the underlying 
mechanisms describing the impact of agricultural practices on 
biodiversity. They do not only statistically predict the correla-
tions but also provide meaningful explanations for those predic-
tions, enhancing the overall interpretability of the model results. 

All the tools are expected to be provided within FAIRiCUBE hub 
as shared data infrastructure and documented.
FAIRiCUBE hub | FAIRiCUBE docs

Use Case 2

FAIRiCUBE - www.fairicube.eu -  fairicube@nilu.no

Environmental Adaptation  
Genomics in Drosophila
A FAIRiCUBE use case by Natural History Museum Vienna

Use case objective 
The objective of Use Case 3 is to integrate genomic data of the 
fruit fly Drosophila melanogaster, which is one of the best-stud-
ied model organisms and a world-wide human commensal, with 
comprehensive environmental and climate information. This 
interdisciplinary approach aims to identify how environmental 
factors shape genetic variation and influence evolutionary pro-
cesses. Taking benefit from already available and newly gen-
erated genomic datasets from European and North American 
populations, the study has two major goals:

I. To assess the influence of geography, environment and cli-
mate on genetic variation on natural fly populations on a 
continent-wide scale. By correlating population genomics 
with environmental data, the study aims to uncover genetic 
targets affected by environmental selection pressures.

II. To address the impact of urbanization on genetic variation 
and adaptation considering factors such as soil sealing, pol-
lution, and habitat fragmentation. Understanding how urban 
environments affect species survival and adaptation is cru-
cial amidst ongoing biodiversity loss and climate change.

Possible future applications  
Overall, Use Case 3 aims to advance our understanding of the 
relationship between genetic variation, environmental factors, 
and evolutionary processes. By integrating diverse datasets and 
employing innovative analytical techniques, the study seeks to 
shed light on the mechanisms driving adaptation in 
D. melanogaster populations, with broader implications for bio-
diversity conservation and pest management strategies in the 
face of global environmental changes.

Use Case 3

FAIRiCUBE - www.fairicube.eu -  fairicube@nilu.no

A FAIRiCUBE use case by NILU

Use Case objective
UC4 addresses the pressing need to evaluate and map the 
potential for energy retrofitting and circularity in residential 
buildings to align with the European Union’s ambitious climate 
goals. 

Currently, buildings are major contributors to both energy 
demand and greenhouse gas emissions. More sustainable prac-
tices in construction hold promise for reducing environmental 
impact, enhancing resilience, and averting raw material price 
hikes. 

However, a significant challenge lies in the scarcity and frag-
mentation of data on building materials and properties. This 
gap impedes informed decision-making on investments and the 
promotion of circular and local materials. 

Possible applications    
UC4 aims to bridge this divide by developing an agile model 
which enables the assessment of in-situ materials, energy per-
formance, and emissions of residential building stocks. The 
model will allow to estimate optimal renovation rates and eval-
uate the climate neutrality potentials in four European cities: 
Barcelona, Luxembourg City, Oslo, and Vienna.  These assess-
ments may also be adapted for optimization work, considering 
local constraints such as fiscal and climate budgets, as well as 
the decarbonization of energy sources. Researchers, analysts, 
city planners, and sustainability consultants may find the devel-
oped model useful. In addition, the developed model is crucial 
for the EU Green Deal to achieve energy efficiency, reduce emis-
sions, and promote sustainable construction.

Data used
Diverse data sources will be used, including airborne surveys 
and ground-based repositories. Tabular data will complement 
missing information, facilitating comprehensive decision-making 
regarding energy renovation and circularity initiatives. The use 
case will visualize its findings using the FAIRiCUBE hub, ensur-
ing accessibility and usability for a wide range of stakeholders.

Use Case 4

Spatial and temporal assessment  
of neighborhood building stock

FAIRiCUBE - www.fairicube.eu -  fairicube@nilu.no

A FAIRiCUBE use case by …

Objective 
Ebis molore optaqui dipsaeculpa apisque quo il isciatur as eost 
eum fugit volluptibus nos dolore si nihit ommolorum earchil iqui-
dus alicitat licias venimpelias as ernate conem quuntiscime im 
et anis a adit, simendi tasperae posandae lautasit lanis apien-
dam dolor autem aut apel ipit ratiam et la et as estiat facerae 
magnis verumquis expliberion nume ex et officae. Nem sit ad et 
pos eum quia doles dolorepudam, sinullit, unt, consererrum dit 
accab ipide nusti officip istecae con numet quam sum re doles 
asperrovit lictatque milibus con eosanducius iuntibe riaesci 
enitaquam fugia sum vitiossi ut adiatem as evernatiscil es res 
audita quasinusciet minulluptiis volorem idus, eost, quias et 
venda audam qui volum alisi non nullacerecto magnate mpo-
remp oresequiam que qui am sum dolecae venis dollabo. Nam 
num facipsanim hil ius dit, voloreicit quis diore nis di dis verunt 
andia aciaerci consequam eatesec toribusae natio. Ut et quias 
alia sedit qui blandi tem iundese cuptae sit pe con corro tota 
aliquis senest, quodi ut iliat.

Applications 
Tur aut aut hari reperite porepudamus autem. Osanducia nis 
ped moluptae pernatur se as aliquam, suntem hicienet optasp-
iendus aut imust lacea nossita iusam int exerspe repelluptur 
aciistis apedigendam fugia sus et maioribusae et voluptat.
Optas eum reperi utatium sandi omni consequamet magnis eati 
di re, cuptat ad que dis doluptur, voluptatur soluptat.

Approach
Idest dendicaes vitatem oluptus delitis quaspit, consentum quat 
modipsa di di sandam nit pora illende lluptat aceperu mquunt 
ipsante pores eatus conseca ecepro illes vent harum accupta 
ssectora sequo incipsae doluptam, aspid ut in nemque nem et 
etur? Quia volorpo ssimusciur asit, ipsam quiam fuga. Orepera 
ini dus nus atur magnist expera estrum, cum hic tem impos 
magnis sequatu rehento tatur?
Tempos ma volorestrum niasinuscit omnimi, venis ne pra eum 
es et eum ipsum il im dolum dolecestist, odit antia ipsum quatur 
sim simodipis aut qui ut ducidis inisque dellenimi, con eum qui 
int millectat etur?

Use Case 5

Validation of  
Phytosociological Methods

Use Case rock
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