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Abstract

This work proposes a framework for Earth Observation (EO) cloud platforms to carry out a self-assessment from a user experi-
ence perspective. The study outlines the methodological approach used to develop the framework, including the classification of
existing EO platforms through a literature review of EU-funded projects. Additionally, a survey on user experience was conducted
to further inform the design of the framework. We consider as target users the developers of policy-relevant use cases. The final
phase of the methodology identifies user requirements across ten dimensions within the EO value chain and suggests a range of
indicators to facilitate self-assessment. The paper emphasises the need to address the identified challenges and limitations to im-
prove the usability and user satisfaction of existing EO cloud platforms. It also highlights the importance of principles such as
FAIR (findability, accessibility, interoperability, and reusability) and TRUST (transparency, responsibility, user focus, sustainability
and technology), open source components, and Open Geospatial Consortium (OGC) standards in shaping the future of EO data
platforms and infrastructures.

1. Introduction

The European Strategy for Data (European Commission, 2020)
aims at creating a single market for data sharing and exchange
to increase the European Union’s (EU) global competitiveness
and data sovereignty. Furthermore,it places a strong focus on
prioritizing people’s needs in technological advancement and
upholding EU values and rights. The EU has significantly in-
vested in making data accessible. This is exemplified by initi-
atives such as the Copernicus Programme, the Group on Earth
Observation (GEO) intergovernmental partnership, and the Ho-
rizon 2020 and Horizon Europe funding programmes. Within
the purview of these programs, several Earth Observation (EO)
cloud platforms have been developed, offering access to data,
tools, and services catering to a diverse range of users, including
assistance for policymakers in creating evidence-based, data-
driven policies. To amplify the coordination of EO activities and
data exploitation across Europe, the EU has established Euro-
GEO, a regional contribution to the GEO initiative (Kona et al.,
2023).

Typically, these EO cloud platforms are the expression of differ-
ent communities of researchers, practitioners and policy makers
with varying sizes and scopes, sometimes focusing on special-
ised areas, which may not always align with the broader de-
mands of users, as opposed to more mainstream platforms with
wider user uptake. The proliferation of infrastructures, while
indicative of a commitment to data accessibility, does not auto-
matically translate into user satisfaction. Indeed, users may find
it challenging to navigate the extensive array of EO services
and platforms to find those that meet their specific demands.
This abundance can lead to fragmentation, which is partly due
to the diversity and local characteristics of data and services
within the EO research and decision-making sphere. This situ-
ation can be compounded by a top-down approach to the design
of infrastructures. Additionally, the multitude of services and
initiatives might not have established a strong user base, rais-
ing questions about their long-term sustainability (Di Leo et al.,
2023). Digital platforms cater to a diverse user base that in-

cludes scientists, policy makers, and analysts, each with their
unique needs and expectations. Their workflows can vary sig-
nificantly, encompassing a range of processes from the initial
handling of raw data to the generation of actionable insights.
These differences are reflected in the distinct steps they usually
undertake to produce products and services tailored to their spe-
cific objectives. Our key interest is in use cases with a prominent
policy priority, which typically require heterogeneous data to be
shared and used at scale (Kilsedar et al., 2023). In this study, we
identify needs in terms of products, services, and functionalit-
ies. We aim to highlight the most common requirements of use
cases, commonalities, needs and challenges faced in the imple-
mentation phase, used infrastructures and their scope, datasets,
intended user categories, and other relevant aspects. It is crucial
to supplement the analysis of user needs with an understanding
of emerging technological trends relevant to the EO domain,
such as the widespread incorporation of Artificial Intelligence
(AI) technologies, data-driven algorithms, IoT data streams, as
well as edge and fog computing (Granell et al., 2022). These
trends are reshaping user requirements due to their escalating
popularity fueled by growing demand. Key technologies, to-
gether with their most relevant hardware (HD) and software
(SW) solutions, are presented in Table 1 because of their rel-
evance to the scope of the study, having the potential to drive
users into choosing one service provider over the other because
of the need for given setups.

Focusing on the development phase from a user viewpoint, the
overall process is not free from inefficiencies and bottlenecks,
also due to the typical complexity of solutions and fragmented
landscape of tools and infrastructures that EO application de-
velopers use and orchestrate. One of the main objectives of EO
platforms is to support the streamlining of this end-to-end pro-
cess from raw data to insights for decision-makers. To accom-
plish this, it is necessary to understand where the main bottle-
necks and frictions currently are. This is in itself a challenging
task because of the many options available to users (developers)
and the tailoring taking place according to specific use cases
and needs. Along with this, we aim to understand whether the

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLVIII-4/W12-2024 
FOSS4G (Free and Open Source Software for Geospatial) Europe 2024 – Academic Track, 1–7 July 2024, Tartu, Estonia

This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLVIII-4-W12-2024-43-2024 | © Author(s) 2024. CC BY 4.0 License.

 
43



Technology Most relevant HW/SW solutions
Artificial Intelligence (AI), Deep Learning (DL), Computer Vision
(CV)

GPUs, CUDA

Parallel Computing HPC, Kubernetes
IoT data ingestion and processing Edge Cloud
Handling of massive and fast datasets (Big Data) Large storage capacity (e.g. CEPH, S3); Distrib-

uted filesystem
Early Warning Systems (Near-) Real-Time update of data/models / con-

tinuous stream of data
Handling Complex Databases Semantic Data MOdels / Graph DB / Elastic-

Search / Solr / NoSQL
Containerization management Docker, Kubernetes
Pre-implemented models for machine learning (ML) that can be used
without coding skills

No-Code / Low Code AI Solutions

Seamless and efficient developing and maintaining software and ML
technical solutions

MLOps / DevOps

Multi-dimensional array containing spatial, temporal and thematic
dimensions

Data Cube

Pre-processed and re-projected EO data, ready for the analysis Analysis Ready Data (ARD)

Table 1. Exemplary technologies and most relevant hardware/software solutions whose availability may influence the choice of EO
platforms by users.

current EO platforms can cover the whole development life-
cycle of a use case for policy-informed decision-making, which
encompasses several stages from the initial data discovery to
the final generation of actionable knowledge insights (see Fig-
ure 1). We started our research by classifying existing EO infra-
structures, identifying good practices, and highlighting techno-
logical enablers to identify and leverage the building blocks that
may be needed to improve the usability of EO platforms Di Leo
et al. (2023). In this follow-up study, we seek to provide a user-
centred perspective, aiming at identifying limitations in the cur-
rent offer of EO cloud platforms by conducting a research study
on user experience. Ultimately, we aim to propose good prac-
tices to improve both the platform design and functionalities by
considering the user viewpoint.

After this introduction, the remainder of the paper is structured
as follows. Section 2 presents our methodology, which lever-
ages the inventory and classification of existing EO platforms
and derives additional insights from both a review of a promin-
ent project and a survye on user experience. This is followed by
Section 3, where we present the dimensions and indicators for
a self-assessment and self-evaluation of EO platforms. Section
4 concludes the paper by reflecting on the main outcomes and
anticipating future research.

2. User experience analysis: methodology

In this section, we present the methodology as composed of the
following steps:

1. Inventory and classification of existing platforms;
2. Systematic review of the e-shape project documentation;
3. Survey on user experience in use-cases.

2.1 Inventory and Classification of existing platforms and
their characteristics

The state of EO cloud platforms and initiatives was mapped in
our previous research (Di Leo et al., 2023). To provide insights
from it, we developed a classification scheme for digital EO in-
frastructures and initiatives according to the services they offer.
The classification scheme entails the following categories:

Figure 1. Stages of the development lifecycle of an EO use case
for policy-informed decision making.

1. Data providers: they make EO datasets available within
infrastructures;

2. Cloud-based geoprocessing platforms: computational ca-
pacity offered by data providers according to the paradigm
“bring the user to the data”;

3. Brokers and catalogues: they offer discovery services by
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harvesting data from existing catalogues;
4. Thematic Hubs and Research Infrastructures: they incor-

porate EO data relevant to specific thematic domains, such
as agriculture and atmosphere;

5. Data cubes: they implement a multidimensional array struc-
ture, on which one can load several bands and perform op-
erations;

6. Virtual infrastructures: they place additional layers on top
of existing platforms to facilitate data access and increase
the discoverability of and interoperability among platforms;

7. Initiatives and programmes: EO-related, publicly funded
programmes.

2.2 Systematic review of e-shape documentation

We analysed the use cases and pilots from the e-shape project
(Ranchin et al., 2021). e-shape is an EU Horizon 2020-funded
project (H2020 GA 820852) entailing 37 pilots, grouped into 7
fields of application: Agriculture, Health, Energy, Ecosystem,
Water, Disaster Management, Climate and Climate Change. A
questionnaire, presented in Section 2.3, was prepared to collect
details about the use cases. Furthermore, we built a vast cor-
pus of information to be queried, aiming to identify the digital
platforms used by the pilots. Such corpus is composed of: the
information we collected from the ID cards of the e-shape pi-
lots1; reports by e-shape2; scientific papers published by the
e-shape consortium; documents, press releases, etc. available
on the Internet. Using text mining techniques, we located men-
tions of platforms. Then we identified — by assumption — the
platforms and the services of interest they offered, and finally
we interviewed members of the e-shape consortium to verify
our assumptions. The core interest was in discovering which
EO digital platforms were used by the pilots, the services used
from such platforms and, if the pilots published any software or
services, how these were deployed, with which license and on
which platform.

2.3 Survey on user experience in external use cases

We also designed a survey3 for the users of the aforementioned
platforms. The questionnaire is organised into 6 sections:

1. Sector of application, type of use case, and involved part-
ners;

2. Identification of clients of the product/service;
3. Identification of the nature of source datasets and techno-

logical challenges associated with their discovery, access
and integration;

4. Identification of the nature of product or service delivered
and technological challenges associated with the deploy-
ment;

5. Technologies and challenges associated with data proces-
sing;

6. Evaluation of the platforms currently used and reasons that
drove the choice.

We asked the use case leaders of some EU flagship initiatives
— including, in addition to e-shape, Open-Earth-Monitor4 and
GEOSS Platform Plus5 — to answer it. The 26 responses to
the survey highlighted use cases in a wide range of sectors,

1 https://e-shape.eu/index.php/all-pilots
2 https://e-shape.eu/index.php/resources
3 https://github.com/madi/FOSS4G_EU_Tartu/tree/main/us

e_case_survey
4 https://earthmonitor.org
5 https://geossplatformplus.com

including agriculture, energy, health, ecosystem, disaster man-
agement, water, climate and climate change, forestry and oceans.
Target clients of the use cases ranged from business owners to
analysts, developers, data scientists and policymakers, as well
as citizens.

3. User needs: dimensions and indicators

In this section, we propose a set of dimensions and indicators
conceived for self-assessment and self-evaluation of EO plat-
forms. Our aim is to determine, through qualitative and quantit-
ative means, whether the user needs identified from the review
of e-shape documentation and the user experience survey are
met. Target users are developers of policy-relevant use cases,
who use EU-funded EO platforms. The main concerns we iden-
tified are summarised below:

1. The difficulty to discover the services offered by platforms;
2. The reduced accessibility of data and services, timeliness

and coverage of data provision and quality;
3. The limited transparency of the price;
4. The difficulty to integrate heterogeneous datasets and tools

from different providers;
5. The limited quality of learning material and documenta-

tion, and frequency of their updates;
6. The lack of effectiveness of support services such as help-

desks and forums;
7. The limited possibility of exchanging code, good prac-

tices, and support with other users, and the liveliness of
the communities around the platforms;

8. The lack of customisation of tools and services;
9. The lack of strategies for the sustainability of platforms

after the end of the project;
10. The lack of facilities for storage and for functionalities

such as ML, DL, parallel computing, etc.
Out of such concerns, we identified a set of user requirements
grouped into ten dimensions:

1. Interoperability;
2. Accessibility;
3. Discoverability;
4. Documentation;
5. Customization;
6. Customer support;
7. Community;
8. Price transparency;
9. Sustainability;

10. Platform performance.
For each dimension, we propose a set of indicators to support
evaluations. The indicators are listed in Table 2, along with a
short description.

4. Discussion and conclusions

The European Strategy for Data aims to create a single mar-
ket for data sharing and exchange to enhance the EU’s global
competitiveness in all societal sectors and in full respect of EU
values and rights (European Commission, 2020). As a result of
several initiatives and funding programmes aimed to enhance
the availability and accessibility of EO data, several EO cloud
platforms have emerged which provide access to data, tools,
and services for a wide range of users, including support for
evidence-based policymaking.

The current trends in the landscape of digital platforms are in-
fluenced by the need to handle and interpret the massive amounts
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Dimensions Indicators Description

Interoperability

compliance with standards adherence to established data exchange standards, such as from
OGC or ISO

data interoperability
cloud services providing access and integrating datasets from
heterogeneous data sources, including use of privacy-enhancing
technologies for confidential data

model interoperability integration and use of different models or algorithms for sharing
and collaboration

service interoperability integration of external services or applications
semantic interoperability use of standard vocabularies, ontologies, or semantic technologies

for consistent and meaningful data interpretation

Accessibility

of models availability of pre-built models or algorithms

of services

availability of up-to-date services (such as GPUs, HPC,
real-time updates, continuous data streams, large storage capacity,
No-Code or Low-Code AI solutions, containerisation, data cubes,
MLOps, DevOps)

user diversity compliance with accessibility design principles and standards, e.g.,
Web Content Accessibility Guidelines (WCAG)

licensing clear and transparent licenses for data use

Discoverability

integration with discovery serv. services to search for spatial datasets and related applications
data and metadata completeness complete and accurate metadata to enable discovery
analytics data and analytics to assess how users discover and access the ser-

vices
search engine optimisation optimisation of service-related pages and information for discovery

services and search engines
service catalogues/directories service catalogues/directories listing and categorising available ser-

vices

Documentation

completeness documentation covering all aspects of the infrastructure
frequency of updates access to regular updates of the documentation
coverage of use cases documentation covering various use cases to guide users in differ-

ent scenarios
searchability easiness in navigating relevant documentation
demos and media availability of notebooks, videos, tutorials, webinars
try before buy free trials/freemium-like models

Customisation

user interface customisability of the user platform UI
data visualisation customisability of data visualisation
data processing customisability of data processing and analysis tools
workflow customisation customisability of user workflows
roles and permissions customisability of user roles and permissions
integration customisability of the integration with both external and internal

services

Customer support

response time average response time, particularly relevant for early warning sys-
tems

customer satisfaction level of user satisfaction
multilingual support support in different languages
support team availability access to user assistance in given hours and through different chan-

nels
support team expertise expertise and knowledge in solving user issues
support process improvement continuous improvement of support processes based on user feed-

back and internal evaluations

Community

community engagement engagement and participation of the community members

knowledge sharing
knowledge, insights, and experiences sharing, adherence with
FAIR (Wilkinson et al., 2016), TRUST (Lin et al., 2020) and
GEO (GEO Data Working Group, 2022) principles

collaboration opportunities forums, discussion boards, or project collaboration features
community growth growth rate of the community

diversity and inclusivity
presence of different user profiles, backgrounds, and expertise,
creating an inclusive and diverse community, availability of a
code of conduct

user support and mentoring support and mentoring provided by experienced community mem-
bers
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Dimensions Indicators Description

Cost transparency

transparent prices clarity and transparency of the pricing structure, which should be
easily accessible, understandable, and communicated

cost breakdown level of detail of cost breakdowns, such as data access fees, proces-
sing fees, or additional charges

cost predictability availability of a calculator/simulator to estimate costs before using
services

no hidden costs absence of hidden or unexpected costs
cost comparison comparison of costs with other service providers or different pri-

cing plans
cost optimization recommendations to users to optimise/minimise costs based on use

patterns

Sustainability

revenue growth generation of increasing revenues, capacity to attract and retain
customers

churn rate
rate at which customers leave the platform over a specific period,
sustainability of the business model in terms of customer loyalty

average revenue per user monetisation of the user base and sustainability of the business
model

market share platform competitiveness
innovation and adaptability ability to innovate and adapt to changing market dynamics and cus-

tomer needs
carbon footprint GHG emissions due to platform operations
renewable energy use share of used energy from renewable sources
power usage effectiveness measure of a data centre efficiency, as total energy divided by IT

energy; values close to 1 indicate high efficiency

Performance

responsiveness platform uptime, data retrieval and processing speed
scalability ability to handle increasing data and model sharing demands

security and privacy
measures for data security and user privacy, considering factors
such as data encryption, access controls, and compliance with
relevant legislation

data use number of downloads, user interactions, data usage

Table 2. Dimensions and indicators to support the evaluation of digital platforms from a user viewpoint.

of data being produced, particularly within the domains of EO
and environmental monitoring. Notable trends include the in-
creasing utilisation of AI and ML to analyse huge datasets, as
well as automated processes offering predictive insights that en-
hance the process of decision-making. Cloud computing and
storage solutions are increasingly used, delivering scalable stor-
age and computational capabilities, which allow users to access
and process extensive amounts of datasets without the need for
a significant infrastructure of their own. However, for such plat-
forms to grow, we believe that it is crucial to jointly consider
technological developments and user needs. Along these lines,
we stress the importance of considering and fulfilling the in-
dicators that emerged from the user requirements analysis (see
Table 2). Digital platforms that propose services and future de-
velopments in agreement with user needs and expectations, ran-
ging from data accessibility and discoverability to analytical
capabilities, are more likely to be adopted by their target audi-
ence, leading to broader usage and greater impact. Platforms
and users benefit from features that promote collaboration, es-
pecially when different users such as scientists, policymakers
and analysts are considered as target audiences. Conversely,
platforms failing to keep pace with user requirements may be-
come obsolete in a rapidly evolving digital landscape. Finally,
we also stress environmental requirements, translating into the
need for strongly decreasing emissions, an aspect that is rapidly
gaining importance for users (Rosário and Dias, 2023).

As an exemplary requirement among others, and considering
the diverse and fragmented world of digital platforms, systems
failing to meet the interoperability challenge may risk a decline
in their use. In addition to interoperability, discoverability, ac-
cessibility, usability, preservation, and curation of shared data

resources are all mentioned in the GEO Data Management Prin-
ciples Implementation Guidelines, a document recently com-
piled by the GEO Data Working Group (2022). These guidelines
are also grounded on open data principles, highlighting their
complementarity with the FAIR (Wilkinson et al., 2016) and
the TRUST Principles (Lin et al., 2020). The guidelines apply to
all EO data products, including remote sensing and in-situ data,
and are intended to cover raw data, high-level products, and on-
demand data services. It is crucial to note that these principles
focus on the data rather than on specific platforms. The em-
phasis is on the principles that should govern the management
and sharing of data, and less on the specific tools or systems
used to store or access those data. We complement such vis-
ion with our self-assessment framework for EO platforms, thus
considering also models, services, and other aspects.

Another key ingredient for platforms to succeed is federation,
i.e. adhering to standards within groups (federations) to facilit-
ate the achievement of common goals. The evolution towards
such paradigm has already started in the GEO world (Baek,
2022; Santoro et al., 2023; Mazzetti and Nativi, 2024), and
we expect that the advent of data spaces (Farrell et al., 2023)
will further boost it, with clear benefits for all types of users.
A specific aspect we would like to highlight is the role that
privacy-enhancing technologies (PETs) may play in the pres-
ence of valuable data that are typically hard to access because
of privacy or confidentiality constraints. The joint use of a data
space approach — in a nutshell, an ecosystem of data mod-
els, datasets, ontologies, data sharing contracts, and specialised
management services, together with soft competencies around
it (i.e. governance, social interactions, business processes) —
together with PETs holds the potential to increase the possibil-
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ity for users to access such data while preserving data features
that data owners/data producers do not want to disclose. The
same principle may apply to the case of sensitive data covered
by the General Data Protection Regulation (GDPR) in the EU
European Parliament and Council (2016).

As a valuable reference when it comes to EO platforms and fed-
erations, we point the reader to Santoro et al. (2023) and Mazz-
etti and Nativi (2024). The authors define the Geoscience Di-
gital Ecosystem as a ‘system of systems that applies the digital
ecosystem paradigm to model the complex collaborative and
competitive social domain dealing with the generation of know-
ledge on the Earth plane’. The proposed Virtual Earth Cloud in-
frastructure, composed of the Virtual Earth Laboratory (VLab)
among other elements, allows a holistic view of diverse and
autonomous entities, in line with the conceptual approach we
push forward in this work, aiming at a single entry point for EO
cloud platforms towards a one-stop shop approach.

To conclude, we outline the future steps we foresee in our work,
starting from the development and deployment of exemplary
and policy-relevant use cases. The aim will be to show how the
proposed dimensions can be used, identifying the most relevant
ones on a case-by-case basis and showing how the framework
can be adapted to different scenarios. We remark that the frame-
work presented in this work is designed for a self-evaluation
by platforms, since it is unlikely for users — the role we are
currently playing — to access to the information required for
a complete assessment. Therefore, only a few dimensions will
probably apply to each use case we plan to develop. The scope
will be to demonstrate the importance that the indicators have
in the development phase, rather than to carry out any kind of
assessment. Presently, we would like to collect feedback from
both digital platforms and users about the proposed dimensions
to make sure they capture what is relevant for both, and sub-
sequently identify platforms willing to act as pilots to test the
self-assessment procedure. The proposal we make in this work
aims to improve usability and user satisfaction, with the ulti-
mate goal to foster discussions towards the definition and sub-
sequent refinements of a self-assessment (as opposed to an as-
sessment) framework for EO cloud platforms.

Disclaimer

The views expressed are purely those of the authors and may not
in any circumstances be regarded as stating an official position
of the European Commission.
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