
EUR 30832 EN

J R C  S C I E N C E  F O R  P O L I C Y  R E P O R T

INSPIRE   A Public Sector Contribution to 
the European Green Deal Data Space

Alexander Kotsev, Marco Minghini, Vlado Cetl,  
Friso Penninga, Joeri Robbrecht, Michael Lutz 

A vision for the technological evolution of Europe’s 
Spatial Data Infrastructures for 2030



This publication is a Science for Policy report by the Joint Research Centre (JRC), the European Commission’s science and knowl-
edge service. It aims to provide evidence-based scientific support to the European policymaking process. The scientific output 
expressed does not imply a policy position of the European Commission. Neither the European Commission nor any person 
acting on behalf of the Commission is responsible for the use that might be made of this publication. For information on the 
methodology and quality underlying the data used in this publication for which the source is neither Eurostat nor other Commis-
sion services, users should contact the referenced source. The designations employed and the presentation of material on the 
maps do not imply the expression of any opinion whatsoever on the part of the European Union concerning the legal status of 
any country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries.

Contact information

Name: Alexander Kotsev

Address: European Commission DG Joint Research Centre, Unit B.06, Via E. Fermi, 2749 - 21027 Ispra (VA), Italy 

Email: alexander.kotsev@ec.europa.eu 

Tel.: +39 0332 789069

EU Science Hub

https://ec.europa.eu/jrc

JRC126319

EUR 30832 EN

PDF ISBN 978-92-76-41564-0 ISSN 1831-9424 doi:10.2760/8563

Print ISBN 978-92-76-41565-7 ISSN 1018-5593 doi:10.2760/062896

Luxembourg: Publications Office of the European Union, 2021

© European Union, 2021

The reuse policy of the European Commission is implemented by the Commission Decision 2011/833/EU of 12 December 2011 
on the reuse of Commission documents (OJ L 330, 14.12.2011, p. 39). Except otherwise noted, the reuse of this document is 
authorised under the Creative Commons Attribution 4.0 International (CC BY 4.0) licence (https://creativecommons.org/licenses/
by/4.0/). This means that reuse is allowed provided appropriate credit is given and any changes are indicated. For any use or 
reproduction of photos or other material that is not owned by the EU, permission must be sought directly from the copyright 
holders.

All content © European Union, 2021, except: page 16: photo by Gustavo Quepón on Unsplash. Page 20: donfiore, image 
#139884799. Source: stock.adobe.com. Page 30: photo by Looker_Studio, image #315352794. Source: stock.adobe.com. Page 
44: photo by Peshkova, image #184033896. Source: stock.adobe.com. Page 54: photo by Sergii Figurnyi, image #75936736. 
Source: stock.adobe.com. Page 62: Photo by Siarhei, image #199237766. Source: stock.adobe.com. Page 80: photo by Sdecoret, 
image #282587445. Source: stock.adobe.com.

How to cite this report: Kotsev A., Minghini M., Cetl V., Penninga F., Robbrecht J., Lutz M., INSPIRE – A Public Sector Contribution to 
the European Green Deal Data Space. A vision for the technological evolution of Europe’s Spatial Data Infrastructures for 2030, 
EUR 30832 EN, Publications Office of the European Union, Luxembourg, 2021, ISBN 978-92-76-41564-0, doi:10.2760/8563, 
JRC126319.

http://alexander.kotsev@ec.europa.eu
https://ec.europa.eu/jrc
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://unsplash.com/@unandalusgus?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/environment?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
http://stock.adobe.com
http://stock.adobe.com
http://stock.adobe.com
http://stock.adobe.com
http://stock.adobe.com.
http://stock.adobe.com


2021

J R C  S C I E N C E  F O R  P O L I C Y  R E P O R T

INSPIRE   A Public Sector Contribution to 
the European Green Deal Data Space

Alexander Kotsev, Marco Minghini, Vlado Cetl,  
Friso Penninga, Joeri Robbrecht, Michael Lutz 

A vision for the technological evolution of Europe’s 
Spatial Data Infrastructures for 2030



INSPIRE   A Public Sector Contribution to the European Green Deal Data Space4

Contents Abstract 6

Foreword 7

Acknowledgements 9

Authors 10

Executive summary 12

1. Introduction 17

2. A brief introduction to 
INSPIRE 21
2.1 Legal and technical framework 21

2.2 Central infrastructure com-
ponents 24

2.2.1 INSPIRE Geoportal 24

2.2.2 INSPIRE Reference Validator 26

2.2.3 INSPIRE Registry 26

3. Implementation state of 
play 31
3.1 Data availability 31

3.2 Governance mechanisms 33

3.2.1 Good practices 35

3.3 Technological stack 35

3.3.1 Software tools for data 
provision and consumption 36

3.4 Standardisation 38

3.5 Community 41



5

4. Lessons learned 45
4.1 Improved data discoverabili-

ty and availability 45

4.2 Parallel implementations 45

4.3 Technological innovation 46

4.4 Custom extensions are prob-
lematic 46

4.5 Flexible governance approaches 46

4.6 Impact of standardisation  50

5. Policy context 55
5.1 European Strategy for Data 56

5.1.1 The European Green Deal data 
space 58

5.2 GreenData4All 59

5.3 Open Data Directive and 
high-value datasets 60

6. Technology trends 63
6.1 New data sources 63

6.1.1 Internet of Things 63

6.1.2 Citizen-generated geospatial 
data 63

6.1.3 Satellite data 64

6.1.4 Open research data 65

6.1.5 Private data 66

6.2 From data collection to data 
connection (APIs) 66

6.3 Novel architectures 68

6.4 Agile standards 68

6.5 Mature tools 69

7. VISION 71
7.1 Making the vision a reality 74

7.1.1 Legal actions 74
AVOID OVERSPECIFICATION IN LEGISLATION 74

USE A SIMPLE LICENSING FRAMEWORK 74

7.1.2 Organisational actions 75
EMBRACE CO-DESIGN BY DEFAULT 75

RETHINK THE EXISTING INSPIRE GOVERN-
ANCE STRUCTURES 76

ADOPT AN ECOSYSTEM APPROACH 76

7.1.3 Technological actions 78
CONTINUE TO IMPROVE THE DISCOVERABIL-
ITY AND ACCESSIBILITY OF DATA  78

ENSURE NEUTRALITY AND EMBRACE 
WELL-ADOPTED STANDARDS AND TECH-
NOLOGIES 78

AVOID CUSTOM EXTENSIONS 78

EMBRACE WELL-DOCUMENTED, STAND-
ARD-BASED APIS 79

OPTIMISE DATA FOR SEARCH ENGINES 79

LEVERAGE ON THE DEVELOPMENTS OF FED-
ERATED EUROPEAN CLOUD INFRASTRUCTURES 79

DEPRECATE OBSOLETE TECHNOLOGIES AND 
STANDARDS 79

8. Conclusions 81
References 84

List of abbreviations and 
definitions 89

List of boxes 92

List of figures 92



INSPIRE   A Public Sector Contribution to the European Green Deal Data Space6

Abstract

Directive 2007/2/EC (INSPIRE) entered into force in 2007 with the goal to 
establish a European Union (EU) Spatial Data Infrastructure (SDI) to support 
EU’s environmental policies. The Directive was complemented by a complex 
legal framework detailing requirements on data provision, which was in turn 
accompanied by technical guidelines and the establishment of a governance 
structure involving Member States in the maintenance and evolution of the 
Directive. After more than 10 years since its inception and at the end of its le-
gally defined roadmap leading to the evaluation by 1 January 2022, INSPIRE 
has entered a new milestone as the European Commission’s recent focus on 
the green and digital transformation holds the potential to make it a key tool 
for the successful (environmental) data sharing in Europe.

The objective of this report is twofold. First, we summarise the main develop-
ments of the pan-European INSPIRE SDI happened so far from the technical 
and organisational perspectives, describing the current implementation state 
of play through multiple dimensions: data availability, governance approach-
es, available technological stack, influence and role of standardisation bodies 
and community development. This precedes a critical assessment of what 
has, and has not, worked well in the development of the infrastructure. Build-
ing on such lessons learnt, in the second part of the report we offer a vision 
for the future evolution of the INSPIRE SDI with a five to ten year horizon in 
mind. This ambitious vision takes into consideration the current EU policy con-
text as well as the disruptive technological trends bringing new data sources, 
actors, standards and architectures as new players in the (geospatial) data 
sharing field. The vision is structured around a set of legal, organisational and 
technological actions, which are largely extensible to any policy-driven SDI. 
This makes the lessons learned from INSPIRE also applicable to the broader 
field of data initiatives.

The key conclusion of this report, embedded in the vision, is that in order to 
remain fit for purpose it is desirable that traditional SDIs evolve from com-
plex and highly specialised frameworks to more sustainable, flexible and agile 
data ecosystems, lowering the entry level to non-specialists and welcoming 
an increased participation from less traditional stakeholders (e.g. open source 
software communities, standardisation bodies and early adopters) in addition 
to data providers and users. Concretely, at the European level this highlights 
the need to simplify and modernise the INSPIRE technological framework and 
to establish a distributed governance structure at multiple levels. It would be 
hard to imagine a more effective way for INSPIRE to blend within the common 
European data space envisioned by the recent European Strategy for Data, al-
lowing a seamless and user-centric data exploitation to address an increasing 
range of societal needs.
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Foreword

The INSPIRE Directive was adopted in 2007 with the objective of establishing 
an EU-wide Spatial Data Infrastructure to support European environmental 
policies. From the inception of the Directive in the early 2000’s, the Joint 
Research Centre has been at the heart of the work on the European INSPIRE 
infrastructure, from the design of the specifications for metadata, data shar-
ing and interoperability to coordinating its technical implementation, oper-
ating its core infrastructure components and developing reusable software 
components.

Sitting in-between the twin digital and green transitions, the INSPIRE expe-
rience provides a successful case study on how digital assets are valuable 
to progress towards ambitious environmental policies. Organisational and 
governance-related challenges are not to be underestimated, and they will 
be key for the set-up of the upcoming European data spaces under the Eu-
ropean data strategy. By sharing our experience, we would like to contribute 
to the debate on the technical, organizational or legal enablers that are re-
quired for a successful deployment of such data spaces.

In almost 15 years of technical implementation of this large-scale European 
data-sharing infrastructure, the JRC had a unique opportunity to examine, in 
real life scenarios, the benefits and challenges that data bring into our quest 
to digitally transform our societies. We know data can be the “oil” that will 
fuel the digital economy, but in order to be useful, data need to be fit for 
further processing, in particular by Artificial Intelligence applications. The JRC 
has the ambition to keep working towards this end, and contribute to make 
the next years Europe’s digital decade.

Mikel Landabaso 

Director, Growth and Innovation Directorate, Eu-
ropean Commission Joint Research Centre (JRC)
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Over the last decade, the INSPIRE Directive led not only to the development 
of a European Spatial Data Infrastructure, but it boosted the development of 
national SDI’s as well. INSPIRE embraced the open standards of the Open Ge-
ospatial Consortium, thus acting as a launching customer. The current wide-
spread use of these open standards and the development of our national 
data platform for open spatial data all started with INSPIRE, but nowadays 
serves a broad range of applications, also well beyond the INSPIRE scope.  

In the Netherlands, we believe that our next challenge is to make spatial data 
truly FAIR for every data user, regardless whether this user is a geospatial 
expert or novice. By making geospatial data FAIR for all data users, far beyond 
the boundaries of the traditional geospatial community, we are unlocking the 
full power of location to all kinds of data users, including developers, data 
journalists and citizens. When we succeed in making spatial less special (by 
embracing common technologies and standards such as API’s and the stand-
ards of the web), we’re enabling powerful data-driven approaches, including 
digital twinning, to our current big societal challenges.  

I am delighted to see that the vision for the technological evolution of Eu-
rope’s Spatial Data Infrastructure, as presented in this report, is very much 
in line with our national strategy. As a result, I hope and believe that INSPIRE 
will -once again- boost these developments, thus resulting in a pan-European 
Spatial Data Infrastructure that is truly application-driven and is contributing 
to the large challenges we nowadays face in Europe.

Rob van de Velde

Director, Dutch National Spatial Data Infrastruc-
ture executive committee (Geonovum)
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Executive summary

This science for policy report provides an overview 
of the state of play of the INSPIRE infrastructure 
and summarises the lessons learned from the 
past 14 years of implementation of the Directive. 
Positioning those lessons within the contemporary 
policy and technological context has allowed the 
authors to define a vision for the future evolu-
tion of INSPIRE as the public sector contribution 
to the emerging European data spaces, and in 
particular the Green Deal data space.

Policy context

Data is central to the digital transformation of our 
societies and economies. That is why, as part of 
the Europe Fit for the Digital Age priority of the 
European Commission, the European Strategy for 
Data (European Commission, 2020a) aims at the 
establishment of a single market for data. This 
would not only enable companies to innovate at 
scale, but also facilitate the decision and policy 
making processes. The single market for data is 
to be implemented through sector-specific data 
spaces (including Green Deal, agricultural, mobili-
ty, finance, health, industry and public sector) that 
pool together data from multiple sources – pri-
vate, public and personal in a sustainable man-
ner, following principles that adhere to European 
values and the existing legal framework. The 
different technological, organisational and le-
gal enablers for the data spaces are still being 
conceptualised. Data spaces are a means to an 
end. Once they become operational, the improved 
accessibility and availability of data will feed into 
novel application areas such as Artificial Intelli-
gence and Digital Twins (Nativi et al., 2021). Con-
sidering this important agenda, INSPIRE can play 
an important role as the public sector contribution 
to the implementation of the European Strategy 
for Data.

In 2021, the implementation of the Directive en-
tered the last mile and is coming to the end of 
the legally defined roadmap. With the forthcoming 
evaluation of the Directive which is due by 1 Jan-
uary 2022, the time is appropriate to take stock 
of the achievements and drawbacks and pave the 
way for the future. Data provided through the in-
frastructure, if conceptualised, operated and fur-
ther developed in a user-centric manner, would 
become a main support and driver of public sec-
tor innovation. This can only be achieved through 
considering the complexity of organisational, tech-
nological and legal dimensions altogether. To this 
end, here we provide our lessons learned from 
the past, anticipate the forthcoming changes and 
technological trends, and give our perspective on 
how INSPIRE should evolve in order to remain fit 
for purpose.

The target audience of this science for policy re-
port is manifold. First, it would benefit the INSPIRE 
stakeholders on the national and international 
levels, as the findings and the outlined vision will 
contribute to the ongoing debate around the eval-
uation of the Directive and the new INSPIRE Main-
tenance and Implementation Work Programme 
2021-2024. Second, the summary of the lessons 
learned, in particular about what worked well, and 
what did not since the entry into force of the Di-
rective would inform the scoping of the European 
data spaces at multiple levels of governance. Fi-
nally, the findings provided here will contribute to 
the ongoing process of modernising Spatial Data 
Infrastructures (SDIs) and their fusion into sustain-
able, general-purpose data ecosystems.

Key conclusions

The key conclusion drawn from the work presented 
in this report, also embedded in our vision for the 
future, is that SDIs as we have known them for the 
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past two decades should, in order to remain fit for 
purpose, evolve from complex and highly spe-
cialised geospatial data frameworks, where legal 
obligations are enforced by strict technical specifi-
cations, to flexible, open, agile, and self-sustain-
able data ecosystems. In order to achieve this, it 
is desirable that the entry level to the data eco-
system is lowered and the sharing and consump-
tion of data by communities is diversified as much 
as possible. Participation and active contribution 
of software communities, standardisation bodies 
and early adopters is at least as important as the 
traditional role of data providers. Collaboration 
between those different stakeholders can signif-
icantly be facilitated by contemporary platforms 
and open source technologies. Given that the con-
temporary context is characterised with more and 
more data being made available from an ever in-
creasing number of sources, we should not con-
sider ‘spatial’ data to be ‘special’ anymore. At the 
same time, the spatial dimension of data remains 
a powerful means for an integrated and combined 
use of datasets which are otherwise very difficult, 
if at all possible, to use together.

All of this shows the pressing need to blend SDIs, 
including INSPIRE, within a larger European data 
space, thus enabling various actors to seamlessly 
discover, access and use data for whatever final 
purpose, being it a research study, a policy inter-
vention or a business application in any geospa-
tially-related domain. To support this challenging 
objective, this science for policy report demon-
strates the need for a simplification and modern-
isation of the INSPIRE technological framework in 
a user-centric and agile manner. 

Keeping in mind that technology evolves, and 
will continue to evolve, at a rapid pace, concrete 
actions are to be taken not only at the purely 
technical level, by e.g. welcoming new standards 

and approaches for data encoding and sharing, 
but also at the legal and organisational (gov-
ernance) levels. Regarding the latter, no interven-
tion specific to a single level of governance (e.g. 
the national, or regional) will suffice if planned in 
isolation. It is important to emphasise here that, 
although the level of ambition defined in this re-
port is high, the INSPIRE community is not starting 
from scratch. First, increased availability of data, 
mature ecosystems of software components, 
long-term relationships with standardisation bod-
ies and early adopters, the healthy community 
and well-established governance structures, exist-
ing legal frameworks on the European and nation-
al levels, are among the key ingredients that pave 
the way for the future development. Second, the 
recently established INSPIRE Maintenance and 
Implementation Work Programme 2021-2024 
defines concrete actions – built on the lessons 
learnt from the past – to make INSPIRE evolve 
into a sustainable data ecosystem for the envi-
ronment, thus supporting the priorities around the 
green and digital transformation, and in particular 
for the forthcoming European data spaces.

The report concludes with our initial proposal for 
a concrete INSPIRE reference architecture to 
be adopted in the years to come. Such an archi-
tecture does not have the ambition to be encom-
passing all possible technical details, since we are 
aware that the emergence of the next technolog-
ical trends would quickly make such details obso-
lete. On the contrary, it attempts to condense at 
a conceptual level the various aspects covered in 
this report and illustrate the interplay between dif-
ferent interconnected actors within an increasingly 
rich ecosystem of technologies and approaches, 
to ultimately trigger a debate with the communi-
ty on what future technological evolution INSPIRE 
shall undertake. The architecture and our findings 
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are backed up with a concrete example (provided 
in Section 7) illustrating how the modernised IN-
SPIRE infrastructure would be used as an integral 
part of the European data spaces.

Main findings

The most important findings provided in this report 
defined several concrete actions that are neces-
sary in order to make the vision a reality. Those 
are intentionally aligned with the time horizon of 
the new INSPIRE Maintenance and Implementa-
tion Work Programme 2021-2024. 

First, on the legislative level, it is important to 
avoid overspecification and keep references to 
concrete technical provisions outside of the le-
gal framework, thus ensuring that the technical 
framework can easily be modified within the remit 
of existing EU law. In addition, the adoption of a 
recognised and simple licensing framework such 
as Creative Commons will catalyse data sharing. 
The new developments under the Open Data Di-
rective, in particular the forthcoming implement-
ing act on the high-value datasets would provide 
the legal foundation for sharing the data under 
open standardised licenses.

Second, on the governance level, the overall ap-
proach to SDIs should ideally be neither top-down, 
nor bottom-up, but shared across multiple lev-
els of governance. The new policy context and 
the evaluation of the INSPIRE Directive provides 
an excellent opportunity for rethinking the exist-
ing maintenance and implementation governance 
structures for ensuring that INSPIRE can ‘blend 
in’ within a broader data ecosystem. It would be 
beneficial if data intermediaries, representatives 
of standardisation organisations, and even more 
so the communities of data users become an in-
tegral part of the governance structure together 
with data providers.

In addition, it is important to emphasise that rig-
id linear processes which root all developments 
into a particular standard or technology nowadays 
make very little sense. Instead, an agile approach 

based on extensive experimentation (sand-
boxing) should be endorsed which respects the 
overall principles and concepts but can easily be 
tailored to the needs of different stakeholders. 
Along those lines, the newly established procedure 
for INSPIRE good practices provides a pragmatic 
way forward for introducing and agreeing on new 
technologies and approaches in a collaborative 
manner. The same applies for the management of 
INSPIRE artefacts (application schemas and data 
models) which is currently being operationalised 
through a transparent and inclusive approach. 
The governance of INSPIRE central infrastructure 
software components (including the INSPIRE Ge-
oportal, Validator and Registry) would ideally be 
based on strategic partnerships with relevant 
communities, and wherever possible reuse exist-
ing and mature open source components.

Finally, on the technical level, it remains important 
to continue working on improving the findability 
(through metadata) and accessibility of the data 
(through network services). It would be beneficial 
if relevant activities are continued and further 
streamlined through a transparent, well document-
ed monitoring process complemented by generic 
open source software tools. At the same time, it is 
essential to ensure INSPIRE’s neutrality and the 
opportunity to embrace well-adopted standards 
and technologies. With that objective in mind, it is 
advisable that the adoption of a given technology 
or standard remains a community-driven exercise, 
and ensuring good client and server support up 
front for each technology or standard to be adopt-
ed would ideally be a key part of this process. 
While the good practices procedure, reinforced by 
the release plan and governance approach for the 
INSPIRE artefacts, provides the means for adop-
tion of such prominent approaches and standards, 
the way in which obsolete technologies are to 
be phased out is still to be developed.

Acknowledging the fact that INSPIRE is a mul-
ti-purpose infrastructure supporting a versatile 
number of very different use cases, it is important 
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to avoid wherever possible custom extensions 
of existing standards, as they are both difficult 
to maintain, and might not be well supported by 
existing technology.

By applying the well-known interaction patterns 
of Application Programming Interfaces (APIs) 
to the exchange of spatial data, the power of 
spatial data and spatial analysis will no longer be 
restricted to a relatively small groups of spatial 
data specialists (that understand the specific in-
teraction patterns of the geospatial community) 
but will become available to all web and soft-
ware developers, regardless of their level of geo-
spatial experience.

Another challenge to be addressed relates to the 
discoverability of the data. By making spatial 
data indexable by search engines, the discov-
ery of data is no longer limited to those who are 
aware of the existence of web-based catalogues 
of spatial data.

As far as the infrastructures that can accommo-
date the data are concerned, the opportunities 
for exploiting the emerging trend of European 
technological sovereignty and the federated in-
frastructure provided by initiatives such as GAIA-X 
have to be further investigated. They have the po-
tential to not only provide a scalable environment, 
but also to provide out-of-the-box technological 
enablers such as authentication mechanisms and 
certification.

Related and future JRC work

The ambitious agenda suggested by this report 
is only feasible if the community behind INSPIRE 
is engaged and addresses in a synergetic man-
ner the different outstanding challenges. The pol-
icy context, including the legislative initiatives put 
forward to implement the European Strategy for 
Data, combined with the momentum related with 
the evaluation of the Directive and the new IN-
SPIRE Maintenance and Implementation Work Pro-
gramme, as well as the actions proposed in the 
Digital Europe and Horizon Europe programmes 

provide us with the instruments for operation-
alising and further investigating the work on da-
ta-driven innovation. The Joint Research Centre 
(JRC) remains the technical coordinator for the 
implementation of the INSPIRE Directive. However, 
with the new policy demands and user require-
ments in mind, the scope of activities is rapidly 
evolving in order to keep pace with new techno-
logical and policy challenges and emerging oppor-
tunities. From that perspective, we have a strong 
interest in seeing INSPIRE within the broader 
context of self-sustainable data ecosystems 
and continuing to investigate the different or-
ganisational, technological and socio-economic 
enablers for data sharing in Europe.



1
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Introduction

The overall objective of Directive 2007/2/EC (IN-
SPIRE) (European Union, 2007) is to establish a 
European Union (EU) Spatial Data Infrastructure 
(SDI) for the purposes of EU’s environmental poli-
cies and policies or activities which have an impact 
on the environment. The overarching vision for a 
European SDI has not changed since the inception 
of the Directive, and is to promote cross-border 
data sharing and put in place easy-to-use, trans-
parent, interoperable spatial data services which 
are used in the daily work of environmental and 
other policy makers and policy implementers 
across the EU at all levels of governance as well 
as businesses, science and citizens. With the last 
deadlines for INSPIRE implementation in 2021, 
the implementation of the Directive has entered 
a new phase. However, looking back on the past 
implementation cycle of the INSPIRE Directive, we 
observe that implementation is still delayed, and 
gaps are only closing slowly. The INSPIRE case is 
still more convincing in theory than in practice. In 
addition, when compared to 14 years ago, today’s 
technological scenery is radically different (Kotsev 
et al., 2020). Alternative data sources such as dig-
ital sensors, Earth Observation platforms and cit-
izen contributions are challenging the role of the 
public sector as the main producer and owner of 
geospatial information. The private sector is also 
playing an increasingly important role in the cre-
ation, storage, maintenance and provision of data 
(including personal data), but also in the extraction 
of value from existing data through the applica-
tion of sophisticated, often proprietary, algorithms. 
Under these external pressures, public authorities 
are left with no other chance but to adapt and re-
define their role in the attempt to cope with this 
rapidly changing context.

On the other hand, in recent years, use cases and 
consequently demand for data have evolved. Spa-

tial analyses have increased in number and type 
and are now a widespread practice in many ser-
vices of the Commission. Spatial analyses support 
policy making in domains such as environment, 
statistics, agriculture and transport, or other com-
munity data programmes such as Copernicus. This 
requires the integration and processing of diverse 
types of geospatial data, with an increasingly wid-
er scope and higher spatial quality and better res-
olution. In addition, the adoption of the UN 2030 
Agenda for Sustainable Development (United Na-
tions, 2015) and of the related indicator frame-
work for monitoring the Sustainable Development 
Goals (SDGs) also results in greater demand for 
various types of data, including geospatial infor-
mation. In response to these growing needs, sev-
eral Directorates-General (DG) of the European 
Commission and European Agencies have agreed 
that the Commission needs more and better-qual-
ity geospatial data from official sources with Euro-
pean or at least EU coverage.

In her political guidelines, Commission President 
von der Leyen stressed the need for Europe to 
lead the transition to a healthy planet and a new 
digital world. This twin challenge of a green and 
digital transformation must go together and direct 
us towards more sustainable solutions which are 
resource-efficient, circular, and climate-neutral. 
Data is at the centre of this transformation and 
data-driven innovation will contribute to the im-
plementation of the objectives of the European 
Green Deal (European Commission, 2019a).

Directive 2019/1024/EC, also known as the Open 
Data Directive (European Union, 2019), which re-
vises the PSI Directive (European Union, 2003a), 
entered into force in July 2019 with the focus on 
open data and the re-use of public sector informa-
tion, including the implementing act on high-value 
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datasets that is currently (September 2021) under 
preparation. The new Directive aims to address 
the issues, which were detected during the evalu-
ation in 2018, affecting the full exploitation of the 
potential of public sector information for the Euro-
pean economy and society. It also encourages the 
access to and re-use of public and publicly funded 
data and recognises INSPIRE as a good practice.

To use the major potential of data in support of 
the Green Deal priority actions on climate change, 
circular economy, zero pollution, biodiversity, de-
forestation and compliance assurance, a Common 
European Green Deal data space will be developed 
following the European Strategy for Data (Euro-
pean Commission, 2020a). The centrepiece action 
of the European Commission Directorate-General 
for Environment (DG ENV) to develop this Green 
Deal data space will be a GreenData4All initia-
tive, which (following an evaluation/impact as-
sessment of the INSPIRE Directive due by the 1st 
of January 2022) will aim to review and revise 
two pieces of existing legislation: 

• Directive 2003/4/EC on public access to 
environmental information (European Union, 
2003b);

• The INSPIRE Directive dealing with geospa-
tial data for the environment (European Union, 
2007).

These two legal instruments complement each 
other as the backbone of the environmental in-
formation management covering the whole of EU 
environmental policy. As a legal framework for 
the dissemination of information, they support all 
Member States to adhere to the good governance 
policy principles of transparency and participation.

The INSPIRE Directive, however, does more than 
only facilitate the access to environmental infor-
mation. Its EU added-value becomes most obvious 
when the Member States need information to sup-
port their decision making for managing the envi-
ronmental, social and economic risks and crises, 
related to the changing climate, environmental 

degradation, and man-made or natural disasters 
that do not stop at borders (e.g., floods, the pol-
lution of air and water, and even pandemics like 
the COVID-19 crisis). In such situations, Member 
States need powerful digital decision support sys-
tems. Such systems demand the efficient and ob-
stacle free access to many diverse types of data 
(e.g., data on critical infrastructures, industrial 
facilities, population and health data, vulnerable 
and protected areas, on the meteorological and 
atmospheric conditions, on transport networks, 
buildings and cadastral parcels, etc.), that are all 
in the scope of the INSPIRE Directive.

Furthermore, the development of the Green Deal 
data space goes along with the introduction of 
data and services for reusable data, setting up a 
European data ecosystem for the circular econo-
my, starting a pilot on zero emissions using avail-
able data and creating a digital twin of the planet 
earth - Destination Earth (Nativi et al., 2021). The 
European Spatial Data Infrastructure created by 
INSPIRE – if it is set up, operated and further de-
veloped in a user-driven way – can become a main 
support of this development through its data and 
its services.

Building on this context, the objective of this re-
port is to critically assess the development of the 
pan-European INSPIRE SDI 14 years after its in-
ception, and, considering the current context from 
both a policy and technological perspective, to offer 
a vision for its evolution with a five to ten year ho-
rizon in mind. To achieve this, the report is roughly 
organised in two parts according to the following 
logic. After this introduction (Section 1), the first 
part introduces the INSPIRE legal and technical 
framework and the central INSPIRE infrastructure 
components (Section 2) and describes the current 
implementation state of play in terms of data 
availability, existing governance mechanisms, 
available technological stack as well as influence 
and role of standardisation bodies and the com-
munity (Section 3). Section 4 concludes the first 
part by presenting a number of technological and 



19Section 1. Introduction

organisational lessons learnt from the INSPIRE 
implementation happened so far, analysing ap-
proaches that have or have not worked well. The 
second part starts with a presentation of the con-
text where the evolution of INSPIRE will take place, 
looking at the policy dimension already outlined in 
this introduction (Section 5) as well as the tech-
nological dimension (Section 6) characterised by 
new data sources and innovative trends. Section 7 
represents the core of the report as it defines the 
vision for the technological evolution of INSPIRE 
in the years to come together with the actions at 
the legal, organisational and technological level 
required to make this vision a reality. Section 8 
concludes the report by offering an initial proposal 
for a concrete INSPIRE reference architecture to be 
adopted in the years to come.



2
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A brief 
introduction to 
INSPIRE

2.1 Legal and technical framework

The legal framework was set by the INSPIRE Direc-
tive (European Union, 2007) and interdependent 
legal acts, called Implementing Rules that were 
published in the form of Commission Regulations 
or Decisions. By design, the infrastructure itself is 
built upon the SDIs established and operated by 
EU Member States that are then made compliant 
with the Implementing Rules, covering the INSPIRE 
core components: metadata, network services, 
interoperability of spatial datasets and servic-
es, data sharing and monitoring and reporting, 
together with the obligation to establish a national 
coordination body (Cetl et al., 2019).

The Directive does not require the collection of 
new data. Instead, existing data from public au-
thorities is to be harmonised to fit the agreed 
data models. Also, the SDI shall be developed and 
implemented in a decentralised and distributed 
manner, following a set of fundamental principles 
(European Union, 2007):

• Data should be collected only once and kept 
where it can be maintained most effectively;

• It should be possible to combine seam-
less spatial information from various sources 
across Europe and share it with many users 
and applications;

• It should be possible for information collect-
ed at one level/scale to be shared with all other 
levels/scales; detailed for thorough investiga-
tions, general for strategic purposes;

• Geographic information needed for good 

governance at all levels should be readily and 
transparently available;

• It should be easy to find what geographic in-
formation is available, how it can be used to 
meet the needs, and under which conditions it 
can be acquired and used.

The INSPIRE Directive and Implementing Rules in-
clude legally binding requirements that describe, 
usually on an abstract level, what Member States 
must implement (see Figure 1). Instead, the 
non-binding Technical Guidance (TG) documents 
specify how the legal obligations could be imple-
mented in practice, referring to existing geospa-
tial standards where appropriate. Implementation 
of the TG documents maximises the cross-border 
and cross-thematic interoperability of INSPIRE 
spatial datasets and services and ensures inter-
operability with other sectors.

The thematic scope of INSPIRE includes 34 
cross-sectoral categories, named themes (see 
Figure 2), listed in the three annexes of the Direc-
tive and reflecting two main types of data: spatial 
reference data (presented in Annex I and partly in 
Annex II), which define a location reference that 
the remaining themes (in Annex III and partly in 
Annex II) can then refer to.

The TG documents on the interoperability of spa-
tial datasets and services, also known as Data 
Specifications, contain agreed data models 
based on a generic conceptual data model (Tóth 
et al., 2012), common encoding rules, harmonised 
vocabularies, and registers. Together they form 
the key pillars of data and service interoperability 
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Figure 2. INSPIRE themes, organised in three Annexes Source: JRC, 2021.
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(see Figure 3). They ensure coherence within the 
infrastructure and promote the reuse of data and 
information according to the ‘once-only’ principle.1

The methodology for the development of individu-
al Data Specifications followed a commonly agreed 
pattern based on the ISO 19131:2007 standard 
(International Organization for Standardization, 
2007). The resulting data models for each theme 
are part of the legal provisions of the Directive. 

Data and metadata are shared through web-
based services, referred to as network services 
(European Commission, 2009) and based on a 
Service-Oriented Architecture (SOA)2 approach 
(see Figure 4). Network services are implemented 
through well-established international stand-
ards, mainly developed by the Open Geospatial 

1 https://ec.europa.eu/cefdigital/wiki/display/CEFDIGI-
TAL/Once+Only+Principle

2 https://www.opengroup.org/soa/source-book/soa/
p1.htm

Key pillars of data interoperability
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Figure 3. Pillars of data interoperability in INSPIRE Source: JRC, 2021.

Consortium (OGC)3. The related TG documents 
illustrate how data providers establish access 
to metadata for discovery services through the 
Catalogue Service for the Web (CSW) (Open Ge-
ospatial Consortium, 2007). Similarly, for view 
services, the interactive visualisation of georef-
erenced content involves guidance using the Web 
Map Service (WMS) (Open Geospatial Consor-
tium, 2006) and Web Map Tile Service (WMTS) 
(Open Geospatial Consortium, 2010) standards. 
Download services also have guidelines that 
recommend the use of ATOM feeds (The Inter-
net Society, 2005), Web Feature Service (WFS) 
(Open Geospatial Consortium, 2014), Web Cov-
erage Service (WCS) (Open Geospatial Consorti-
um, 2018) and Sensor Observation Service (SOS) 
(Open Geospatial Consortium, 2012), for appro-
priate types of data. Other spatial data servic-
es, forming a service bus alongside the network 

3 https://www.ogc.org

https://ec.europa.eu/cefdigital/wiki/display/CEFDIGITAL/Once+Only+Principle
https://ec.europa.eu/cefdigital/wiki/display/CEFDIGITAL/Once+Only+Principle
https://www.opengroup.org/soa/source-book/soa/p1.htm
https://www.opengroup.org/soa/source-book/soa/p1.htm
https://www.ogc.org/
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services, are mainly implemented at the national 
level and support data transformations, including 
coordinate transformations. In addition to all the 
above, there are generic services, e.g. registry ser-
vices that contribute to the proper functioning of 
the infrastructure.

The deadline for Member States to transpose the 
INSPIRE Directive into their national legislation 
was 15 May 2009. The implementation process 
started immediately after, following an imple-
mentation roadmap4 based on several deadlines 
according to the type of resource (metadata, dis-
covery, view and download services) and the An-
nex the datasets refer to, with full implementation 
foreseen for 2021 (see Figure 5). Although most 
of the milestones have been already reached, 
there are still some activities to be completed, 
especially regarding data and metadata harmo-
nisation and conformity which is crucial for the 
overall interoperability (see also Section 3.1).

4 https://inspire.ec.europa.eu/inspire-roadmap

2.2 Central infrastructure compo-
nents

This section describes the central components of 
the INSPIRE infrastructure. They are the software 
tools supporting Member States public bodies in 
the implementation of the requirements emerg-
ing from the INSPIRE Directive and related Imple-
menting Rules and are developed, operated and 
maintained by the JRC.

2.2.1 INSPIRE Geoportal

The entry point to the INSPIRE infrastructure is 
the INSPIRE Geoportal5, depicted at the top of 
the INSPIRE architecture in Figure 4. It serves as a 
central access point to the data and services from 
public organisations in the EU Member States and 
European Free Trade Association (EFTA) countries 
which fall under the scope of INSPIRE. The INSPIRE 
Geoportal enables cross-border data discovery, 
visualisation, and download. The Geoportal does 
not store any geospatial data. It simply acts as the 
main client application of the whole INSPIRE infra-

5 https://inspire-geoportal.ec.europa.eu

Players in the INSPIRE community engaged as members 
in the OGC have supported the development of our open 
standards over many years. European requirements have 
been raised and brought up in the relevant OGC working 
groups. The uptake of standards like OGC API - Features 
has been enormous and demonstrates the need for - and 
benefits of - international coordination of standards 
development. Further, the close coordination between 
OGC and the JRC has led to fruitful results. 

Athina Trakas, Open Geospatial Consortium (OGC)

Bo
x 

1

https://inspire.ec.europa.eu/inspire-roadmap/61
https://inspire-geoportal.ec.europa.eu
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Figure 4. Distributed Service-Oriented Architecture of INSPIRE Source: JRC, 2007.
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structure by exposing data through the harvesting 
of the CSW endpoints made available by Member 
States. Alongside the INSPIRE Geoportal, which is 
operated by the European Commission, there are 
also national geoportals operated by single coun-
tries. Links to national geoportals are available in 
the INSPIRE Knowledge Base (IKB) section INSPIRE 
in your country.6 The Geoportal, whose landing 
page is shown in Figure 6, offers overviews of 
the availability of datasets by country and the-
matic area and provides ready-to-use data either 
through interoperable network services or by di-
rect download, to maximize their exploitation by 
third-party GIS clients and applications.

As shown in Figure 6, the INSPIRE Geoportal pro-
vides access to datasets through two different 
viewers:

1. A High-Value Datasets viewer, which dis-
plays the availability and provides access to the 
datasets from all EU Member States and EFTA 
countries datasets that also qualify as high-val-
ue datasets (see Subsection 5.1.2); these also 
include the priority datasets used for environ-
mental reporting7, which can be filtered by en-
vironmental domain, environmental legislation 
and country;

2. An INSPIRE Thematic Data viewer, which dis-
plays the availability and provides access to the 
datasets from all EU Member States and EFTA 
countries falling under the scope of the INSPIRE 
Directive, filtered by data theme and country; 
the full country overview with datasets available 
as of October 2021 is shown in Figure 7.

2.2.2 INSPIRE Reference Validator

The INSPIRE Reference Validator8, which is also 
reachable from the landing page of the INSPIRE 

6 https://inspire.ec.europa.eu/INSPIRE-in-your-Country

7 https://wikis.ec.europa.eu/display/InspireMIG/Ac-
tion+2016.5%3A+Priority+list+of+datasets+-
for+e-Reporting

8 https://inspire.ec.europa.eu/validator

Geoportal (see Figure 6), is the tool used by 
INSPIRE data providers, solution providers and 
Member States national coordinators to check 
whether datasets, network services and meta-
data meet the requirements defined in the IN-
SPIRE TG documents. For each type of resource, 
the tests available in the INSPIRE Reference Val-
idator – whose landing page is shown in Figure 
8 – are organized into Abstract and Executable 
Test Suites (ATS and ETS). The former consist of 
high-level, human-readable translations of TG 
requirements into tests, while the latter repre-
sent machine-executable descriptions of tests. 
For each type of resource, ATS and ETS are or-
ganised into a number of conformance classes. 
All the ATS and ETS included in the INSPIRE Ref-
erence Validator are agreed upon by the techni-
cal sub-group of the INSPIRE Maintenance and 
Implementation Group (MIG-T) and are published 
under open source licenses9. Finally, the INSPIRE 
Reference Validator is based on the open-source 
ETF testing framework10, i.e. the software where 
INSPIRE ETS are run, which is also developed by 
the JRC and partially funded by the ELISE (Eu-
ropean Location Interoperability Solutions for 
e-Government) Action11 of the ISA2 (Interopera-
bility solutions for public administrations, busi-
nesses and citizens) Programme12. The result of 
a test performed in the INSPIRE Reference Vali-
dator is a test report, where all the tests run are 
listed and the outcome of each test is indicated. 
For the tests failing validation, an explanation 
of each error is provided so that users can more 
easily spot the mistakes and fix them. 

2.2.3 INSPIRE Registry

The INSPIRE Registry13 is the application provid-
ing a central access point for managing and shar-

9 https://github.com/inspire-eu-validation

10 https://etf-validator.net

11 https://ec.europa.eu/isa2/actions/elise_en

12 https://ec.europa.eu/isa2/home_en

13 https://inspire.ec.europa.eu/registry

https://inspire.ec.europa.eu/INSPIRE-in-your-Country
https://wikis.ec.europa.eu/display/InspireMIG/Action+2016.5%3A+Priority+list+of+datasets+for+e-Reporting
https://wikis.ec.europa.eu/display/InspireMIG/Action+2016.5%3A+Priority+list+of+datasets+for+e-Reporting
https://wikis.ec.europa.eu/display/InspireMIG/Action+2016.5%3A+Priority+list+of+datasets+for+e-Reporting
https://inspire.ec.europa.eu/validator
https://github.com/inspire-eu-validation
https://etf-validator.net
https://ec.europa.eu/isa2/actions/elise_en
https://ec.europa.eu/isa2/home_en
https://inspire.ec.europa.eu/registry


Figure 6. Landing page of the INSPIRE Geoportal Source: JRC, 2021.

Figure 7. INSPIRE Geoportal Thematic Data viewer displaying datasets availabili-
ty for all EU Member States and EFTA countries as of October 2021

Source: JRC, 2021.
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Figure 8. Landing page of the INSPIRE Reference Validator Source: JRC, 2021.

ing INSPIRE reference codes, including INSPIRE 
themes, code lists, application schemas and 
discovery services. For each of those reference 
codes, which are grouped in multiple registers, 
the INSPIRE Registry provides clear descriptions 
(in multiple languages) and references through 
unique identifiers, allowing them to be easily 
looked-up by humans and retrieved by machines. 

The content of the registers is based on the IN-
SPIRE Directive, Implementing Rules and TG doc-
uments. The INSPIRE Registry, whose landing 
page is shown in Figure 9, is thus a key tool to 
ensure semantic interoperability between sys-
tems and applications exchanging INSPIRE data. 
It currently provides access to 10 registers, over-
all including more than 10000 reference codes in 
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Source: JRC, 2021.Figure 9. Landing page of the INSPIRE Registry

23 languages and served in 7 different formats 
(HTML, XML, ISO 19135 XML, RDF, JSON, ATOM 
and CSV).

The INSPIRE Registry is an instance of the Re3g-
istry open-source software, also developed by 
the JRC and funded by the ELISE Action of the 
ISA2 Programme. Released under the EUPL v1.2 

license14, the Re3gistry is used by a number of 
public and even private institutions worldwide, 
including several EU Member States, to support 
them in the consistent management and update 
of their reference codes (see Section 4.3).

14 https://github.com/ec-jrc/re3gistry

https://github.com/ec-jrc/re3gistry 
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Implementation 
state of play

In this section we present an overview of the lat-
est state of the infrastructure with the intention to 
define a baseline which can then be used to pave 
the way for the evolution of INSPIRE. Given the 
complexity of the developments under INSPIRE, 
it is difficult, if at all possible, to provide such an 
overview through a single point of view. That is 
why, in writing this section, we adopt five different, 
yet interdependent perspectives. We consequently 
investigate the INSPIRE 1  data availability, 2   
governance mechanisms, 3  technological stack, 
4  standardisation and regulation, and 5  com-

munity engagement. 

3.1 Data availability

The latest assessments of INSPIRE data availabil-
ity were performed at the end of 2019 and at the 
end of 2020 as a result of the yearly Monitoring 
and Reporting process, based on the resources 
made available by EU Member States and EFTA 
countries on December 15 of each year. In con-
trast to all the previous rounds of Monitoring and 
Reporting, the one performed in 2019 was the 
first driven by Commission Implementing Decision 
(EU) 2019/1372 (European Commission, 2019b). 
This defined a total of 19 implementation indi-
cators, to be calculated – for the first time – in 
a fully automated way based on the metada-
ta harvested from EU Member States and EFTA 
countries national catalogues using the INSPIRE 
Geoportal and the INSPIRE Reference Validator 
(see Section 2.2). Such indicators are organized 
into 5 categories, measuring: the availability of 
spatial data and services; the conformity of meta-
data; the conformity of spatial datasets; the ac-
cessibility of spatial datasets through view and 
download services; and the conformity of network 

services. While in the first category the indicators 
are expressed as absolute values, i.e., they meas-
ure the number of available metadata satisfying 
certain properties, the indicators in the remaining 
four categories are expressed as percentages (i.e. 
measuring the fraction of resources satisfying a 
specific requirement), which are a direct meas-
ure of performance and allow country-by-country 
comparisons.

The results of the INSPIRE 2019 Monitoring and 
Reporting are described in detail by Minghini et al. 
(2020), while those for the INSPIRE 2020 Monitor-
ing and Reporting were first presented during the 
64th MIG-T meeting in January 2021 (JRC INSPIRE 
Team, 2021). The 2019 and 2020 results are also 
published online in dedicated dashboards15,16. The 
outcomes of the two processes are similar. The 
values of the indicators calculated for the EU 
Member States and the EFTA countries falling un-
der the scope of INSPIRE (31 countries in total) 
show that the status of implementation of IN-
SPIRE is very heterogeneous across countries, 
and there is no single country which has yet 
achieved a full implementation according to the 
INSPIRE roadmap (see Figure 5).

The total number of metadata records availa-
ble at the end of 2019 was approximately equal 
to 260 thousand, including about 160 thousand 
records for datasets and dataset series and the 
remaining 100 thousand records for spatial data 
services. The spider graph shown in Figura 10 
represents together the mean values of 5 indi-
cators, all calculated as percentages and overall 

15 https://inspire-geoportal.ec.europa.eu/mr2019.htm

16 https://inspire-geoportal.ec.europa.eu/mr2020.html

https://inspire-geoportal.ec.europa.eu/mr2019.html
https://inspire-geoportal.ec.europa.eu/mr2020.html
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There is massive opportunity and need around 
environmental data. Environmental data is going to 
influence day-to-day decision making of everybody.  
Be it that you want to know what emissions are like in a 
potential vacation spot or that you need to evaluate which 
policy options really work. As the INSPIRE community, we 
have already achieved a lot towards making this possible. 
Across more than 30 countries and 20.000 organisations, 
we have agreed on shared specifications, have made more 
than 180.000 datasets discoverable, more than 40.000 
accessible and more than 20.000 interoperable. Interest 
in these datasets is sharply rising. Just across the INSPIRE 
network services that our company provides, we see 
millions of requests every day.

Thorsten Reitz, Wetransform GmbH

summarising the main results of the 2019 Moni-
toring and Reporting: conformity of metadata for 
spatial datasets (indicator MDi1.1), conformity 
of metadata for spatial data services (indicator 
MDi1.2), accessibility of spatial datasets through 
view and download services (indicator NSi2), con-
formity of spatial datasets (DSi2), and conformity 
of network services (indicator NSi4). 

The results shown in Figura 10 make it possible 
to draw some general conclusions on different as-
pects of INSPIRE implementation (Minghini et al., 
2020). First, the accessibility of datasets through 
both view and download services – which is a proxy 
for the actual usability of the whole infrastruc-
ture – is still low on average, with some countries 
scoring values equal or close to 0%. The reasons 
for this low performance are several, ranging 

from the actual lack of network services to issues 
with the resource linkages (i.e. lack of correct links 
between the dataset and service metadata) and 
the availability of access-protected or unstable 
services. The average conformity of metadata is 
also low on average, although this can be par-
tially explained by the introduction of the INSPIRE 
Reference Validator as the tool used to check the 
conformity, as opposed to the self-declarations of 
conformity by EU Member States used until 2018. 
The values of DSi2, measuring the conformity of 
spatial datasets, are again very heterogeneous 
across countries and low on average, with some 
countries providing very few or no interoperable 
datasets at all. A similar conclusion applies to the 
conformity of network services, which is high for 
several countries while some others score per-
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MDi1.1
conformity of metadata for 

spatial datasets

MDi1.2
conformity of metadata for 

spatial data services

NSi4
conformity of network 

services

NSi2
accessibility of spatial 

datasets

DSi2
conformity of spatial

datasets

35.80%

39.20%

21.90%

45.30%

46.30%

Figure 10. Spider graph representing the mean values of indicators MDi1.1, 
MDi1.2, NSi2, DSi2 and NSi4

Source: Minghini et al. (2020).

centages equal or close to 0% (although the lack 
of conformity does not necessarily imply the lack 
of accessibility of the datasets served by those 
network services).

The results achieved in the 2020 Monitoring and 
Reporting process overall confirmed the sub-
stantial differences in implementation across EU 
Member States and EFTA countries, with some 
countries performing very well (i.e., scoring, for all 
the percentage indicators, values equal or close 
to 100%) and some others clearly lagging with all 
such values still close or equal to 0%. However, 
a positive trend can be generally identified com-
pared to 2019, considering that almost all the 
percentage indicators increased of at least 10% 
(JRC INSPIRE Team, 2021).

3.2 Governance mechanisms

The INSPIRE Coordination Team (CT) consists of 
staff of the European Commission from DG ENV, 
DG JRC, DG ESTAT, DG AGRI, and staff of the Eu-
ropean Environment Agency (EEA). Its role is to 
coordinate the implementation and further evo-
lution of the infrastructure, including alignment 
and cross-fertilisation with other EU policies. In 
2013, a Commission expert group called INSPIRE 
Maintenance and Implementation Group (MIG)17  
was set up, consisting of representatives of the 
INSPIRE national contact points of EU Member 
States. The MIG coordinates the joint activities 
between the European Commission, the EEA and 

17 https : / / inspire .ec .europa.eu/ inspire-mainte-
nance-and-implementation/46

https://inspire.ec.europa.eu/inspire-maintenance-and-implementation/46
https://inspire.ec.europa.eu/inspire-maintenance-and-implementation/46
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the EU Member States to support the maintenance 
and implementation of the INSPIRE Directive. The 
tasks of the MIG are:

• To prepare and regularly update the rolling 
INSPIRE Maintenance and Implementation 
Work Programme (MIWP) to be agreed by the 
INSPIRE Committee (composed of represent-
atives of the Member States and chaired by 
a representative of the Commission) and the 
Commission.

• To bring about an exchange of experience 
and good practice related to the implementa-
tion of the INSPIRE Directive and the Imple-
menting Rules;

• To identify and give advice about the priority 
issues to be addressed in the maintenance of 
the INSPIRE Directive, Implementing Rules and/
or TG documents;

• To identify issues related to INSPIRE imple-
mentation (including, but not limited to, tech-
nologies, standards, methods, coherence across 
INSPIRE chapters and communication measures 
to be adopted) and advise the Commission on 
how to address them.

The MIG has a permanent sub-group of experts 
focusing on technical aspects (MIG-T) and can 
set up temporary sub-groups focusing on spe-
cific, time-bounded actions defined in the Main-
tenance and Implementation Work Programme. 
After the end of the MIWP 2016-202018, the new 
MIWP 2021-202419 was recently started. It is 
based on the emerging policy landscape under 
the new European Commission (see Section 5) 
and the status of the implementation and im-
pact of INSPIRE. It is focused on the following key 
strategic objectives without neglecting existing 
legal obligations:

18 https://wikis.ec.europa.eu/display/InspireMIG/
MIWP+2016-2020

19 https://wikis.ec.europa.eu/display/InspireMIG/IN-
SPIRE+work+programme+2021-24

1. Develop a future vision for the role of INSPIRE 
in the Green Deal Data space in particular, and 
the EU Common Data space in general.

2. Define the INSPIRE “crown jewels” – those 
datasets/themes, for which tangible benefits for 
environmental policy, the implementation of the 
European Green Deal or other policy priorities 
can be expected. 

3. Develop an implementation plan to focus im-
plementation efforts to maximise availability, 
ensure interoperability and reach pan-European 
spatial coverage for a well-defined set of prior-
ity data.

4. Continue work on simplifying and main-
streaming the technical requirements of the 
INSPIRE Directive, considering emerging stand-
ards and technologies to fulfil concrete user ex-
pectations.

5. Define the transition from the current legal 
framework to a digital ecosystem for environ-
ment and sustainability which addresses clear-
ly defined EU-wide needs, is based on proven 
standards and technologies, can be implement-
ed in a foreseeable time with limited effort, 
allows to quantify an added value for environ-
ment and sustainability and has a built-in re-
view cycle.

These key objectives are grouped into the follow-
ing main areas of work: 

• Area of work 1: A digital ecosystem for the 
environment and sustainability (objective 1);

• Area of work 2: Towards a common imple-
mentation landing zone (objectives 2-4);

• Area of work 3: GreenData4All (objective 5).

The MIWP 2021-2024 is designed to continue 
the successful work under the Maintenance and 
Implementation Framework (MIF) in the past. The 
MIWP clearly identifies the concrete core actions 
in more detail for the period 2021-2022, taking 
the implementation of the INSPIRE Directive to a 
common landing zone supporting tangible Europe-

https://wikis.ec.europa.eu/display/InspireMIG/MIWP+2016-2020
https://wikis.ec.europa.eu/display/InspireMIG/MIWP+2016-2020
https://wikis.ec.europa.eu/display/InspireMIG/INSPIRE+work+programme+2021-24
https://wikis.ec.europa.eu/display/InspireMIG/INSPIRE+work+programme+2021-24
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an use cases. The planning is less detailed beyond 
2022 in anticipation of the evaluation and possi-
ble review of the INSPIRE Directive. Hence, a reg-
ular review of the MIWP will be undertaken by the 
MIG with input from the MIG-T.

The MIG is also complemented by a pool of ex-
perts drawn from the INSPIRE stakeholder com-
munity. The experts in this pool are called upon 
when MIG sub-groups are formed to address spe-
cific implementation or maintenance issues. This 
also provides the opportunity to reach out to ex-
perts involved or interested in particular aspects 
of INSPIRE implementation or maintenance.

3.2.1 Good practices

In order to promote good implementation prac-
tices to the INSPIRE community, e.g. resulting 
from new standards or emerging technologies, a 
light-weight procedure is defined for proposing, 
documenting, reviewing and publishing such good 
practices20. The procedure also defines how to fur-
ther develop, where appropriate, a good practice 
into TG documents. This procedure does not re-
place, but rather builds on existing resources to 
support the INSPIRE community while providing 
documented evidence and a defined link between 
current implementation practices and needs and 
the MIG. The good practice procedure consists of 
six consecutive steps.

1  Initiation

The proposers compile and share a “good practice 
fiche”, describing the nature of the solution, the 
benefits it has or would provide and a reference to 
a detailed description of the solution, as well as a 
number of other “metadata”.

2  Submission as good practice candidate

The implementation solution is submitted to the 
MIG-T as a good practice candidate. For this step, 
implementation evidence and community support 
can still be limited.

20 https://inspire.ec.europa.eu/portfolio/good-prac-
tice-library

3  Outreach

The proposers host a webinar to explain the main 
features and expected benefits of the good prac-
tice solution and reflect any pertinent feedback 
from stakeholders in the good practice fiche. 

4  Submission

The implementation solution is submitted to the 
MIG for endorsement as a good practice. For en-
dorsement at this stage, it is crucial to demon-
strate evidence that the solution: (i) has been put 
into practice, ideally in more than one context 
(either more than one domain or more than one 
country); (ii) is already supported by multiple soft-
ware implementations; and (iii) has received broad 
community support.

5  Legal scrutiny

Following endorsement by the MIG, a rapid as-
sessment of the good practice is performed by 
the European Commission in order to ensure the 
alignment of the technical provisions with the le-
gal framework. Feedback is provided to the MIG 
and the proposers, which confirms the proposed 
approach or suggests modifications.

6  Feedback

The good practice is sustained in time, and there is 
a mechanism for ensuring that bugs are fixed, and 
requests from the community are accommodated.

3.3 Technological stack

From a technical perspective, INSPIRE is grounded 
on existing standards (see Section 2) but to mini-
mise the risks of introducing dependencies, is neu-
tral from any particular technologies. There are 
multiple ways of implementing the different com-
ponents of an INSPIRE data flow, which are both 
multi-purpose and single use. In terms of licens-
ing, both proprietary and open-source solutions 
are within INSPIRE’s scope. Without having the 
ambition of being exhaustive, Subsection 3.3.1 
presents the most frequently used tools for both 
the provision and consumption of INSPIRE data. 

https://inspire.ec.europa.eu/portfolio/good-practice-library
https://inspire.ec.europa.eu/portfolio/good-practice-library
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Figure 11. Overview of frequently used software tools for the provision (left) 
and the consumption (right) of INSPIRE data

Source: JRC, 2021.

These tools are linked to the role of the central 
software components of the INSPIRE ecosystem, 
which are operated by the European Commission 
(JRC), already described in Section 2.2.

3.3.1 Software tools for data provision and 
consumption

Figure 11 provides a graphical representation of 
the traditional components of an INSPIRE data 
flow, divided into two categories: on the left, 
those pertaining to the provision of INSPIRE 
data and relevant to data providers; on the right, 
those pertaining to the consumption of INSPIRE 
data and relevant to data users are shown. For 
each component, the logos of the most used 
software tools covering that specific functional-
ity are included. Given the specificity of the IN-
SPIRE requirements, all such tools have featured 
ad hoc developments usually as extensions of 
already existing geospatial software solutions. 

At the bottom of the figure, the INSPIRE central 
infrastructure components (already described in 
Section 2.2) relevant to data provision and data 
consumption are shown.

Regarding data provision, the first type of tools 
covers those offering Extract-Transform-Load 
(ETL) functionality to produce harmonised IN-
SPIRE datasets starting from raw geospatial data. 
These include e.g., the open-source HALE studio21 
and GeoKettle22 (although the development of the 
latter has been discontinued since some years but 
the tool is nonetheless widely used), and the pro-
prietary Feature Manipulation Engine (FME)23. The 
implementation of discovery services, used by 
EU Member States organisations to make their IN-
SPIRE data discoverable, is performed using tools 

21 https://www.wetransform.to/products/halestudio

22 https://sourceforge.net/projects/geokettle

23 https://www.safe.com/fme

https://www.wetransform.to/products/halestudio
https://sourceforge.net/projects/geokettle
https://www.safe.com/fme
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OSGeo’s mission is to foster global adoption of 
open geospatial technology by being an inclusive 
software foundation devoted to an open philosophy 
and participatory community driven development. 
OSGeo actively supports interoperability with open 
formats, international and community standards. 
The Open Source Geospatial community is actively 
participating in the development of Open Standards 
through partnerships with OGC and ISO/TC 211. 
Specifically in Europe, the INSPIRE Directive has 
been widely supported and implemented using 
Open Source Software for over a decade. INSPIRE 
has provided OSGeo the opportunity to showcase 
the maturity and effectiveness of implementing 
open source solutions across the EU. OSGeo is a 
strong supporter and contributor of the evolution of 
the Open Geospatial Standards towards facilitating 
a more straightforward adoption, more developer 
friendly and modern approach, as demonstrated 
in the last couple of years with the evolution of 
the OGC API efforts. Members of JRC are valuable 
partners and members of the OSGeo Community 
and we look forward to continuing collaboration in 
the future.

The European Members of the OSGeo board.
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such as GeoNetwork opensource24, pycsw25 and 
ESRI Geoportal Server26. They implement similar 
functionality consisting in editing, managing and 
publishing geospatial (including INSPIRE-compli-
ant) metadata. According to the results of a sur-
vey made during the INSPIRE Geoportal workshop 
held at the JRC on January 23-24, 2019 with the 
Geoportal National Contact Points from Member 
States, two thirds of EU Member States discov-
ery services are implemented using GeoNetwork 
opensource (JRC INSPIRE Team, 2019a). Like dis-
covery services, INSPIRE view and download ser-
vices can be also implemented using a variety of 
open-source and proprietary solutions. MapServ-
er27, deegree28 and GeoServer29 are traditional 
open-source tools to serve data through view and 
download services (although they are sometimes 
also used to implement discovery services), while 
ArcGIS for INSPIRE30 is the proprietary counterpart 
provided by ESRI. 52° North SOS31 provides a no-
table open-source implementation of an INSPIRE 
download service to serve sensor observation 
data. INSPIRE-compliant datasets and metadata 
make substantial use of the INSPIRE Registry (see 
Subsection 2.2.3). It is a central component, which 
ensures consistency of the reference codes (e.g., 
code lists) used in the data resources. Metadata 
offered by discovery services, datasets served by 
download services, and the discovery, view and 
download services themselves can be checked for 
compliance using the INSPIRE Reference Validator 
(see Subsection 2.2.2). Consumption of INSPIRE 
data can happen through a wide spectrum of 

24 https://geonetwork-opensource.org

25 https://pycsw.org

26 https://www.esri.com/en-us/arcgis/products/geopor-
tal-server

27 https://mapserver.org

28 http://www.deegree.org

29 http://geoserver.org

30 https://www.esri.com/en-us/arcgis/products/arcgis-
for-inspire

31 https://sensorweb.demo.52north.org/sensorwebtest-
bed

tools. Desktop tools (depicted at the top right of 
Figure 11) include for instance ArcGIS Desktop32 
and ArcGIS Pro33, ESRI’s proprietary desktop GIS 
solutions, and open-source alternatives such as 
GRASS GIS34 and QGIS35. These software tools are 
able, either natively or through specific add-ons 
or plugins (e.g., the QGIS GML Application Sche-
ma Toolbox plugin36 for QGIS, specifically devel-
oped for INSPIRE-related purposes) to read and 
consume INSPIRE datasets derived from view and 
download services or directly uploaded as GML 
files. Although the GML encoding is not ideal for 
data consumption on the web, INSPIRE view and 
download services can be also accessed through 
web clients (depicted at the bottom right of Fig-
ure 11) such as OpenLayers37 and Leaflet38, the 
two most popular open-source libraries to devel-
op Web maps. The reference client application to 
discover, access and download all the datasets 
published under INSPIRE is the INSPIRE Geoportal 
(see Subsection 2.2.1).

3.4 Standardisation

While agnostic from the perspective of a particu-
lar technology, INSPIRE is strongly influenced by 
international standards such as the ones devel-
oped by the Open Geospatial Consortium (OGC) 
(see Section 2.1), the ISO Technical Committee 
211 - Geographic Information (ISO TC/211) and 
the World Wide Web Consortium (W3C). For 
example, at the time of writing (August 2021) 
about one third of the MIG-T members are also 
members of the OGC. Multiple domain-specific 
standards such as e.g., the Darwin Core Archive 
(DwC-A) for species distribution, are reused by the 

32 https://desktop.arcgis.com

33 https://pro.arcgis.com

34 https://grass.osgeo.org

35 https://qgis.org

36 https://plugins.qgis.org/plugins/gml_application_
schema_toolbox

37 https://openlayers.org

38 https://leafletjs.com

https://geonetwork-opensource.org
https://pycsw.org
https://www.esri.com/en-us/arcgis/products/geoportal-server
https://www.esri.com/en-us/arcgis/products/geoportal-server
https://mapserver.org
http://www.deegree.org
https://www.esri.com/en-us/arcgis/products/arcgis-for-inspire
https://www.esri.com/en-us/arcgis/products/arcgis-for-inspire
https://sensorweb.demo.52north.org/sensorwebtestbed
https://sensorweb.demo.52north.org/sensorwebtestbed
https://desktop.arcgis.com
https://pro.arcgis.com
https://grass.osgeo.org
https://qgis.org
https://plugins.qgis.org/plugins/gml_application_schema_toolbox
https://plugins.qgis.org/plugins/gml_application_schema_toolbox
https://openlayers.org
https://leafletjs.com
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Figure 12. Key role of standardisation in the INSPIRE framework
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different data specifications. Standards are con-
sidered in INSPIRE as building blocks (see Figure 
12), minimising the need to develop own specifi-
cations. In addition to the obvious benefits for IN-
SPIRE from the uptake of international standards, 
this approach has also benefitted standardisation 
organisations themselves, through the participa-
tion in technical committees, feedback from the 
implementation, and additional argumentation 
for public sectors to embrace standard-based 
approaches for data sharing. Figure 12 shows 
how the approach undertaken for conceptualising 
the approaches in INSPIRE leverages on strategic 
partnerships and standards.  In addition, multiple 
institutions that are represented within the IN-
SPIRE governance structure, already described in 
Section 3.2, are also members of standardisation 
organisations.

Some of the most prominent standards in use in 
INSPIRE are listed in Table 1. The newly adopted 
process for introduction of new standards and ap-
proaches defined in Subsection 3.2.1 provides a 
simple step-wise approach for accommodation of 
new standards that can help modernise the tech-
nical framework of INSPIRE. Examples of recently 
adopted good practices cover download services: 
(SensorThingsAPI and OGC API - Features, see 
also Section 6.2), data encoding (Statistical Data 
and Metadata Exchange - SDMX39), and metadata 
(GeoDCAT-AP40, an extension of the DCAT applica-
tion profile for European data portals – DCAT-AP).

39 https://sdmx.org

40 https://semiceu.github.io/GeoDCAT-AP/drafts/latest

https://sdmx.org
https://semiceu.github.io/GeoDCAT-AP/drafts/latest
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Table 1. Most prominent standards used in INSPIRE

Standard Description Application

ISO 19115/19119 - Geographic 
information — Metadata

Schema for describing geographic 
information and services

metadata

ISO 19139  XML Schema implementation derived 
from ISO 19115 

metadata

ISO 19103 – Geographic 
information – Conceptual schema 
language

Specification of data types used for 
describing geographic information

Data specifications

ISO 19131 – Geographic 
information – Data product 
specifications

Elements of data specifications Data specification

GeoDCAT-AP Extension to the DCAT application 
profile for European data portals for 
the representation of geographic 
metadata

metadata

OGC Geography Markup Language 
(GML)

XML-based encoding for geographical 
features

Data encoding

GeoJSON JSON-based encoding for 
geographical features

Data encoding

ISO 19156 Observations and 
Measurements (O&M)

Conceptual schema encoding for 
spatio-temporal observations

Data encoding

OGC Catalogue Service for the Web 
(CSW)

Web interface for discovery, browsing, 
and query of metadata

Discovery service

OGC Web Map Service (WMS) Web service for requesting spatially-
referenced images

View service

OGC Web Map Tile Service (WMTS) Web service for spatially-referenced 
map tiles

View service

Atom Syndication Format XML-based data and metadata 
syndication format

Download service

OGC Web Feature Service (WFS) Download service for access to 
feature data

Download service

OGC Web Coverage Service (WCS) Download service for access to 
coverage data

Download service

OGC API – Features Multi-part API-based standard for 
sharing geospatial features

Download service

OGC SensorThings API API-based standard for sharing of 
spatially-enabled IoT data

Download service
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Figure 13. Attendees of the INSPIRE Helsinki 2019 conference Source: National Land Survey of Finland, 2019.

In the Netherlands the INSPIRE 
Directive has led to the 
creation of www.pdok.nl,  
a national data platform for 
open spatial data. With a 
steady growth (2013: 500 
million hits; 2020: 30 billion 
hits), it now fuels data-driven 
solutions for a wide variety 
of societal challenges (e.g., it 
serves over 15.000 websites). 

Geonovum

3.5 Community

Built around consensus (Cetl et al., 2017), the 
technical stack of INSPIRE is meant to accom-
modate the perspectives and preferences of the 
different stakeholders with an interest in loca-
tion data. By design, the governance of INSPIRE 
through the established Maintenance and Im-
plementation Group (MIG) and its permanent 
technical sub-group (MIG-T) ensure the smooth 
coordination across the different levels. Consid-
ering the substantial number of stakeholders in-
volved on a voluntary basis, the development of 
the infrastructure and the engagement of stake-
holders can be considered as a leading practice 
in policy and technical development. From a com-
munity perspective, a lesson learned in the IN-
SPIRE implementation process is that a technical 
infrastructure is only as good as the social infra-
structure that underpins it (see Figure 13).

Box 4

https://www.pdok.nl
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A European INSPIRE conference has been held 
for 13 consecutive years, from 2007 to 2019 (see 
Figure 14) – although the 2019 event41, organ-
ised in Helsinki, was not an official INSPIRE con-
ference. Due to the COVID-19 restrictions, virtual 
events were held in 202042 and 202143. The IN-
SPIRE conference provides a forum for stakehold-
ers from government, academia, and industry to 
hear about and discuss the latest developments 
related to data-driven innovation and the INSPIRE 
Directive. This conference provides an excellent 
opportunity to present Europe’s data landscape 
to the community and relevant developments 
in national SDIs. The conferences are organised 
through a series of plenary sessions addressing 
common policy issues, which are complemented 
by parallel sessions and workshops focusing on 
applications and implementations of SDIs, re-
search issues and new and evolving technologies 
and applications. The next INSPIRE conference, 
COVID-19 permitting, will be held in Dubrovnik, 
Croatia in the spring of 2022.

41 https://www.inspire-helsinki-2019.fi

42 https://inspire.ec.europa.eu/conference2020

43 https://inspire.ec.europa.eu/conference2021

https://www.inspire-helsinki-2019.fi/
https://inspire.ec.europa.eu/conference2020
https://inspire.ec.europa.eu/conference2021
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Figure 14. Years, locations and mottos of the INSPIRE conferences 
from 2007 to 2020
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Lessons learned

In this section, we present selected lessons learnt 
from the implementation of INSPIRE. Emphasis is 
put on the technological and organisational les-
sons. The legal dimension is out of the scope of 
this report, so we do not cover here issues such as 
the Directive transposition and subordination with 
national legislation.

4.1 Improved data discoverability and 
availability

The number of INSPIRE datasets described by 
metadata and made available through national 
discovery services has been gradually growing (see 
Figure 15). This development has brought multiple 
benefits. Firstly, through the metadata, it became 
clearer what environmental geospatial data was 
available across Europe. 

Secondly, the improved transparency and availa-
bility of metadata has also shown many cases of 
inefficiencies, gaps and overlaps in the production 
of datasets. Some countries have seized the op-
portunity and have improved their national struc-
tures, including the roles and responsibilities of the 
different data providers.

Thirdly, the availability of the discovery services 
provided an opportunity to reuse the geospatial 
catalogues in different open data portals at the 
national and European levels – an example of the 
latter case is the recent data.europa.eu44 portal 
(see Figure 16). We have witnessed multiple ex-
amples of such reuse in different contexts (e.g., 
the establishment of domain-specific portals), or 
on the international level.

44 https://data.europa.eu

4.2 Parallel implementations

Despite the explicit requirements of the Direc-
tive, many EU Member States share only a limited 
number of datasets within the INSPIRE infrastruc-
ture because they would like to avoid setting up 
network services for all existing datasets and har-
monise them according to the Implementing Rules 
on data interoperability. In several countries, there 
is a policy to share and harmonise only datasets 
aggregated at national or regional level (often one 
dataset per INSPIRE theme or application sche-
ma), despite the fact that also the source data is in 
scope of the Directive. This causes the problem at 
the European level: the data (themes, spatial ob-
ject types, but also scale and data quality) that are 
shared through services and in compliance with 
the Implementing Rules on interoperability are 
different across EU Member States. This results 
in a patchwork of data available in the INSPIRE 
infrastructure and makes it difficult to achieve 
pan-European coverage for specific themes. In ad-
dition to that, most EU Member States provide 
INSPIRE datasets and services as a standalone 
activity that is only marginally linked – instead of 
being built upon – the national infrastructure (see 
Figure 17). Often this is done as a one-off activity, 
and the national SDI is used only in a limited way, 
often supplying access to (a subset of) the meta-
data available in the national catalogue. This is 
because INSPIRE requirements are different, more 
limited or go beyond the requirements adopted at 
the national level. For example, the INSPIRE data 
models may be simpler than the national models, 
the INSPIRE-recommended formats (such as GML) 
may not be considered relevant by national users 
or INSPIRE may require additional service meta-
data that are not included in common standards 
and hence are not provided by the (off-the-shelf) 
software used at national level.

https://data.europa.eu
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Furthermore, when EU Member States are provid-
ing separate INSPIRE datasets and services, they 
usually pay little attention to their usability. For 
example, INSPIRE services may be set up to serve 
huge amounts of datasets or layers, or the servic-
es may not be actively quality-controlled or mon-
itored and hence might be often down or poorly 
performant. This makes them difficult to use in any 
practical application.

4.3 Technological innovation

Multiple technologies are involved in the imple-
mentation of INSPIRE both on the client, but also on 
the provider end. The most prominent tools in use 
were already described in Section 3.3. Respond-
ing to the legal obligations, INSPIRE stakeholders 
have supported the evolution and development 
of many open-source geospatial tools. Looking 
for example into the software projects governed 
by the Open Source Geospatial Foundation (OS-
Geo)45, there is hardly any product that has not 
considered implementing certain functionality 
that somehow relates to INSPIRE. From that per-
spective, the entry into force of the legal frame-
work has acted as a catalyst for innovation in the 
open-source world (see e.g. Figure 18). 

In addition, central INSPIRE components (see Sec-
tion 2.2) that were developed to satisfy concrete 
needs of the infrastructure have also been re-
leased under open-source licenses and have been 
reused by different EU Member States. For in-
stance, in addition to the INSPIRE implementation, 
the Re3gistry software (see Subsection 2.2.3) has 
been reused so far in different contexts46 (see Fig-
ure 19), including:

• National-level deployments: Austria47, Fin-

45 https://www.osgeo.org

46 https://ec.europa.eu/isa2/solutions/re3gistry_en

47 https://registry.inspire.gv.at/registry

land48, France49, Italy50, Slovakia51, Spain52, the 
Netherlands53 and North Macedonia54

• EU-funded projects: ELISE Energy pilot55, GO-
PEG56

• Private sector: Minerva Intelligence57

4.4 Custom extensions are problematic

In the conceptualisation of INSPIRE, it was as-
sumed in multiple cases that requirements which 
were during the scoping stage not supported 
by software tools and libraries would be imple-
mented once proposed and endorsed by INSPIRE. 
Unfortunately, this rarely happened. Typical ex-
amples in this respect are 1  support for complex 
GML and XML attributes in desktop GIS clients, 
and 2  extended capabilities of INSPIRE network 
services. In both cases, those requirements have 
been to a large extent difficult to implement, but 
also not very well supported by clients and serv-
ers. That is why, it would be important to align 
technical requirements as much as possible 
to functionalities that are already supported 
(out-of-the-box) by existing tools. In addition, 
requirements that satisfy the needs of a par-
ticular ‘niche’ (e.g., exposing the same dataset in 
more than one natural language) often create an 
implementation overhead with little value add-
ed for most users and should ideally be avoided 
whenever possible.

4.5 Flexible governance approaches

48 http://luettelopalvelu.fi/registry

49 https://data.geoscience.fr/ncl/

50 https://registry.geodati.gov.it/registry

51 http://registre.enviroportal.sk/geo

52 https://registro.idee.es/registry

53 http://inspireregister.nl/codelijst

54 https://nipp2.katastar.gov.mk:5003/nipp3/registry

55 https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/
registry

56 http://locationintelligence.epsilon-italia.it/registry/
GO-PEG

57 http://minerva.codes/registry

https://www.osgeo.org
https://ec.europa.eu/isa2/solutions/re3gistry_en
https://registry.inspire.gv.at/registry
http://luettelopalvelu.fi/registry
https://data.geoscience.fr/ncl/
https://registry.geodati.gov.it/registry
http://registre.enviroportal.sk/geo
https://registro.idee.es/registry
http://inspireregister.nl/codelijst
https://nipp2.katastar.gov.mk:5003/nipp3/registry/
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/registry
https://inspire-sandbox.jrc.ec.europa.eu/energy-pilot/registry
http://locationintelligence.epsilon-italia.it/registry/GO-PEG
http://locationintelligence.epsilon-italia.it/registry/GO-PEG
http://minerva.codes/registry
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Source: data.europa.eu portal, 2021.Figure 16. INSPIRE catalogues reused in the data.europa.eu portal
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The INSPIRE Directive represented the guiding 
regulatory framework for spatial data sharing 
in Italy within the wider policies on digital 
government. Policy and technical documents 
issued by (or with the contribution of) the Agency 
for Digital Italy (AgID), such as the Three-Year 
Plan for ICT in Public Administration and the 
new national strategy for data, deeply anchored 
in the INSPIRE principles. In this context, 
important investments were made to improve the 
discoverability, accessibility and interoperability 
of public information resources including spatial 
data, e.g. by creating a national data catalogue; 
reusing and extending INSPIRE data models 
and metadata encoding rules; making spatial 
datasets discoverable through both general data 
portals and web search engines; and creating a 
national registry (included in the INSPIRE register 
federation) through the reuse of the Re3gistry 
software. 

Antonio Rotundo, AgID – Servizio Banche Dati e Open Data
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Figure 17. INSPIRE implementation resulting in a parallel infrastruc-
ture (top) vs. ideal INSPIRE implementation building on the national 
infrastructure (bottom) (example with Cadastral Parcels data)
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INSPIRE was conceptualised with an inclusive and 
open approach in mind. In fact, collaboration on 
multiple levels between a broad spectrum of users 
is critical to the overall success of the implemen-
tation. The existing governance structure with the 
technical and policy arms of the INSPIRE MIG en-
sures that the different organisational, legal and 
technical questions are being addressed by the 
right fora. However, the multi-level structure of 
the MIG, represented exclusively by data providers, 
has not always been flexible and fast in accommo-
dating novelties. The endorsement of more agile 
approaches, supported by the increased use of 
online collaborative platforms for co-creation 
of content (e.g., technical guidelines, software 
solutions, good practices) would help modernise 
the way in which the infrastructure is governed.

4.6 Impact of standardisation 

As outlined in Section 2.1, INSPIRE is not a stan-
dalone activity but is based on several cross-cut-
ting and domain-specific standards (e.g. from ISO 
and OGC). In particular, the implementation of the 
Directive has led to probably the largest uptake of 
the OGC standards worldwide. That approach has 
benefited both the standardisation organisations 
themselves (through the uptake and improvement 
of their standards), as well as the data users and 
providers (through the streamlined processes of 
encoding, sharing and use of the data). However, at 
the same time the strong utilisation of particu-
lar standards has sometimes created problems, 
particularly related to slowing down the processes 
of implementation because of inherited dependen-
cies, but also due to the mismatch between the 
standards and their software implementations. 
From that perspective, it is critically important to 
ensure that mature and well supported standards 
are considered for the technical provisions related 
to the evolution of INSPIRE. Considering the high 

Figure 18. Frequency and occurrence of INSPIRE-related topics on the OSGeo 
wiki page58 and related sub-pages.

58  https://wiki.osgeo.org/wiki/Main_Page

https://wiki.osgeo.org/wiki/Main_Page
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level of availability and maturity of different soft-
ware tools for extracting, transforming and loading 
data (ETL), having more than one standardisation 
approach for implementing the same functional-
ity seems an increasingly feasible option. Finally, 
standards that are supported should ideally not 
only be capable of satisfying the legal require-
ments, but also add value to the technological 
stack of data providers, and ultimately to make it 

easier for users to utilise the data.

4.7 Heterogeneous approaches to li-
censing exist

A quick analysis of the licensing approaches from 
the INSPIRE Geoportal, i.e., based on the metadata 
made available by EU Member States shows that 
countries, but also individual data providers apply 
quite heterogeneous approaches. Even more sub-
stantially, in a vast majority of cases, licensing in-
formation is not available at all (JRC INSPIRE Team, 
2019b). This lack of consistency and the absence 
of harmonisation poses a serious obstacle to the 
uptake and reusability of the data. Overcoming 
this would require the establishment of a coordi-
nated common European approach/framework for 
the licensing of the data. The envisaged high-value 
datasets as defined in the Open Data Directive (see 
Section 5.3) can provide a model which can then 
be scaled across the whole infrastructure. Ideally, 
those datasets should be made available free of 
charge, in a machine-readable format and through 
the metadata, but also through the services that 
are exposing the data.
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I n s t a n c e s  ( a )

I n s t a n c e s  ( c )
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Figure 19. Instances of the Re3gistry software deployed in: the Netherlands (a), 
Austria (b), Finland (c), North Macedonia (d)

Source: JRC, 2021.
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Policy context

The EU has recently embarked on a green and 
digital transition. The two dimensions are close-
ly interrelated, and the Commission has taken the 
lead to drive these transitions and to focus invest-
ments on recovery and resilience efforts in these 
areas. The 2019 European Green Deal59 recog-
nises the potential of digitalisation to achieve the 
environment and climate aims and the necessi-
ty to explore sustainable digital technologies as 
essential enablers for a just green transition. In 
February 2020, the Commission adopted its new 
digital strategy titled ‘Shaping Europe’s Digital Fu-
ture’ (European Commission, 2020b) along with 
its first two pillars: the European Strategy for Data 
(European Commission, 2020a) and a White Paper 
on Artificial Intelligence (European Commission, 
2020c). The European Strategy for Data (Europe-
an Commission, 2020a) sets a vision for a transi-
tion to a healthy planet and a new digital world. 
It emphasises the need for the twin challenge of 
a green and digital transformation, and points to 
the digital component as a key in reaching the 
ambitions of the European Green Deal. It also 
recognises that digitalisation contributes to envi-
ronmental degradation e.g., through high energy 
and resource use and that these impacts need to 
be reduced. The Strategy also recognises the need 
to make data available for the public good. Among 
other uses, the Data Strategy indicates that data 
can serve to address societal challenges, combat 
environmental emergencies and tackle environ-
mental degradation and climate change. It sets 
an objective to capture the benefits of better use 
of data. Ensuring the availability of data and im-
proving data usage are essential for tackling these 
societal, climate and environmental challenges.  

59 h t t p s : / / e c . e u ropa . e u / i n fo / s t r a t e g y / p r i o r i -
ties-2019-2024/european-green-deal_en

The White Paper on Artificial Intelligence (Euro-
pean Commission, 2020c) acknowledges the po-
tential of Artificial Intelligence (AI) to find solutions 
to societal challenges such as environmental deg-
radation. However, AI technology also has a signif-
icant environmental footprint. The environmental 
impacts of AI systems throughout the whole AI 
lifecycle are addressed in the Coordinated Plan 
on Artificial Intelligence (European Commission, 
2018a). Finally, the recent update to the 2020 
New Industrial Strategy (European Commission, 
2021a) points to the twin ecological and digital 
transitions and the role of innovative technologies 
in supporting a sustainable transition. The Indus-
trial Strategy also indicates the need for invest-
ment and innovation to deliver these innovative 
technologies. It also illustrates the significant 
business opportunities in these areas. 

Reacting to the Commission’s initiatives, the 2020 
Environment Council conclusions on digitalisa-
tion for the benefit of the environment60 recognis-
es the enormous potential digitalisation offers in 
reaching the goals of the European Green Deal. 
In its conclusions, the Council concurs with the 
Commission on the potential of the twin green 
and digital transition and emphasises it is a nec-
essary approach to economic recovery after the 
COVID-19 pandemic. The conclusions stress an in-
clusive digital transition which limits the negative 
impacts of digitalisation while fully exploiting the 
opportunities that digitalisation brings. The con-
clusions also point to topics where the EU needs to 
act to best achieve the twin transition, giving the 
Commission policy guidance on areas in need of 
specific attention. The conclusions also highlight 

60 https://www.consilium.europa.eu/en/press/press-re-
leases/2020/12/17/digitalisation-for-the-bene-
fit-of-the-environment-council-approves-conclusions

https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en
https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en
https://www.consilium.europa.eu/en/press/press-releases/2020/12/17/digitalisation-for-the-benefit-of
https://www.consilium.europa.eu/en/press/press-releases/2020/12/17/digitalisation-for-the-benefit-of
https://www.consilium.europa.eu/en/press/press-releases/2020/12/17/digitalisation-for-the-benefit-of
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that reliable, accessible, comparable, high quality 
and up-to-date data is required for:

• fact-based EU environmental policy;

• data-driven solutions for environmental pro-
tection;

• low-bureaucracy and user-friendly imple-
mentation of EU environmental law; and

• effective monitoring of its progress and re-
sults.

Moreover, the Council conclusions encourage the 
Commission to set up a dedicated technical forum 
between Member States and the Commission to 
facilitate the use of digital technologies and in-
novative methods for monitoring biodiversity, eco-
systems and general environmental monitoring 
and reporting. At the same time, they propose to 
adjust the legal monitoring requirements to em-
brace modern technologies and promote active 
dissemination of environmental information at 
European and national levels that facilitates ac-
cess to the right information in the right form at 
the right time.

We are on a turning point in the digital transition 
where the way we work with data is changing 
rapidly. The old practices of preparing dedicated 
packages of information for dedicated processes 
is increasingly being replaced by more active data 
sharing through data services, as envisaged and 
promoted through data sharing and interoperabil-
ity frameworks such as:

• the INSPIRE Directive (European Union, 
2007), which is currently under evaluation with 
a possible revision in 2022; 

• the Directive on public access to environ-
mental information (European Union, 2003b), 
which can be reviewed together with the IN-
SPIRE Directive in 2022;

• the Open Data Directive (European Union, 
2019) and its upcoming implementing act on 
high-value datasets, which maximally reuses 
the INSPIRE Directive (see Section 5.3);

• the abovementioned European Strategy for 
Data (European Commission, 2020a) and its 
common European data spaces as overarching 
data sharing framework, including data from 
public administrations, businesses, research, 
and citizens (see Sectiion 5.1);

• the European Interoperability Framework 
(EIF) (European Commission, 2017) that is un-
der revision; and

• the Copernicus programme (see Subsection 
6.1.3).

Technologies such as geospatial intelligence (ex-
ploitation and analysis of geospatial data), Inter-
net of Things (sensors) and Artificial Intelligence 
(simulation of human intelligence in machines) 
are being explored to assess the possibility of us-
ing alternative sources of data to reduce admin-
istrative reporting burden and get access to more 
exhaustive and timely if not real-time data to 
build our evidence bases.

5.1 European Strategy for Data

The European Strategy for Data (European Com-
mission, 2020a) provides a high-level vision for 
the establishment of a single market for data in 
Europe through the definition and elaboration of 
large, sector-specific though interconnected data 
spaces (see Figure 20). Such an approach will 
ensure Europe’s global competitiveness and data 
sovereignty.

The aim of the European Strategy for Data is to 
create a common European data space – a gen-
uine single market for data, open to data from 
across the world – where personal as well as 
non-personal data, including sensitive business 
data, are secure and businesses also have easy 
access to an almost infinite amount of high-qual-
ity industrial data, boosting growth and creating 
value, while minimising the human carbon and 
environmental footprint. To get there, the strate-
gy announced the development of nine common 
European data spaces in strategic economic 
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sectors and domains of public interest, where 
the use of data will have systemic impact on the 
entire ecosystem and on citizens. Considering the 
prominent role of the environment among the top 
policy priorities of the European Commission, a 
significant role in the European Strategy for Data 
is dedicated to the Green Deal Data space.

The concept of a data space includes a horizontal 
framework for data governance (i.e. a legal compo-
nent, covering, for example data access and usage 
rights). It has a certain data infrastructure (i.e. 
a technical component, including, tools for data 
pooling and sharing, IT capacity for (cloud) storage 
and processing, and technical standards ensuring 
interoperability). Such a data space contains a rich 
pool of data with varying degrees of accessibility 
and allows for the free flow of data across sectors 
and countries, in full compliance with the General 
Data Protection Regulation (GDPR) rules (Europe-

an Union, 2016). There is no “one-size-fits-all” for-
mat for the common European data spaces. They 
will each need to follow an approach that is well 
suited to their specific sector/domain and its char-
acteristics.

The new Digital Europe Programme (DIGITAL)61 
will provide the necessary support to the devel-
opment of sectoral data spaces. An important 
horizontal support action of the first DIGITAL 
Work Programme (WP) 2021-2022 is setting up 
and operating a Data Spaces Support Centre. Its 
objective is to coordinate all relevant actions on 
sectoral data spaces and make available tech-
nologies, processes, standards, and tools that will 
allow reuse of data across sectors by the public 
sector and businesses. The DIGITAL will also invest 

61 https://digital-strategy.ec.europa.eu/en/activities/dig-
ital-programme

Figure 20. High-level architecture of the envisioned common 
European data space

Source: European Commission, 2019.

https://digital-strategy.ec.europa.eu/en/activities/digital-programme
https://digital-strategy.ec.europa.eu/en/activities/digital-programme
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in a cloud-to-edge infrastructure, which is very im-
portant for the development of the data spaces. 
A Common Services Platform (CSP) will be also 
introduced with the aim of boosting the uptake 
and ensuring the sustainability of interoperable 
and reusable digital components. The open source 
tools underlying the INSPIRE central infrastructure 
components (see Section 2.2) are among the can-
didate technologies to be included in the CSP.

Two main initiatives have been selected under the 
DIGITAL for the first two years (2021-2022): Des-
tination Earth and the local data ecosystem for 
climate-neutral and smart communities. To com-
plement the work during the first two years, a Co-
ordination Action on Digital Product Passport will 
prepare the ground for a future common European 
data space for smart circular applications.

The legislative instruments put forward within the 
context of the European Strategy for Data are al-

ready being conceptualised and are on a different 
stage of development. Figure 21 summarises the 
different legal acts, alongside the problem that 
they are tackling, who holds the data, and what is 
the envisioned policy intervention.

5.1.1 The European Green Deal data space

As mentioned above, the European Strategy for 
Data specifically supports the Green Deal ambi-
tions through the development of a common Eu-
ropean Green Deal data space. The development 
of this data space will be supported by two pilots 
on circular economy (product passport) and zero 
pollution, GreenData4All (evaluation and review of 
the INSPIRE Directive and to some extent Directive 
2003/4/EC on public access to environmental infor-
mation) and Destination Earth62, i.e. a digital twin 

62 https://ec.europa.eu/digital-single-market/en/destina-
tion-earth-destine

https://ec.europa.eu/digital-single-market/en/destination-earth-destine
https://ec.europa.eu/digital-single-market/en/destination-earth-destine
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of the Earth to support prediction of behaviour of 
ecosystems. This common data space should make 
environmental data from the public, private and 
academic sectors and from citizens accessible for 
reuse by others to boost the data economy and 
improve policy implementation and development. 
To safeguard the rights of the data providers, this 
data space should be governed by a principle of 
EU-wide data sovereignty. It means that users 
only get access to the data in line with the ruling 
reuse conditions and for the use as intended. Some 
of these reuse mechanisms have been articulated 
in the Data Governance Act that was proposed in 
2020 (European Commission, 2020d).

5.2 GreenData4All

The main pillar for bringing data from public ad-
ministrations into the Green Deal data space is 
the INSPIRE Directive (European Union, 2007) to-
gether with the Directive on public access to envi-
ronmental information (European Union, 2003b). 
The importance of this existing environmental 
data sharing framework was recognised by the 
European Strategy for Data and articulated in the 
GreenData4All initiative. This will be the cen-
trepiece action to evaluate and possibly review 
the INSPIRE Directive and selected articles of the 
Directive on public access to environmental in-
formation to bring the legal framework into the 
21st century and up to speed with contemporary 
and cutting-edge technology (see Section 6). This 
ambition is strengthened by the excellent collabo-
ration between the Commission Services working 
on the implementation of the INSPIRE Directive 
and on the development of new data legislation. 
The collaboration already resulted in a converging 
strategy as part of the implementing act on the 
high-value datasets to make data in scope of IN-
SPIRE available as open data for public reuse (see 
Section 5.3). This will form the basis for the im-
plementation of the public data part of the Green 
Deal data space.

Through the GreenData4All initiative, the Commis-
sion also aims to provide support to the EU Strat-
egy on Adaptation to Climate Change (European 
Commission, 2021b) by extending the scope of 
environmental data sharing to also include cli-
mate-related data as was already intended by 
the Art. 191(1) of the Lisbon Treaty (Treaty on the 
functioning of the European Union) (European Un-
ion, 2012). It will be explored if the legal frame-
work can be amended to include specific spatial 
data in support of combating climate change. 

Another strand of work under GreenData4All is 
the collaboration with the agricultural domain 
on sharing data managed by the Common Agri-
cultural Policy (CAP) paying agencies in the EU 
Member States as part of the mandatory Inte-
grated Administration and Control System (IACS). 
It will be explored how the INSPIRE Directive can 
be used as an enabling instrument to effectively 
organise and implement data sharing across dif-
ferent domains. IACS data sharing will provide the 
common European agriculture data space with 
essential public agricultural data that will support 
policy development and the implementation of the 
Farm to Fork strategy63. Moreover, the availability 
of this data will be essential for monitoring and 
reaching environmental (Green Deal) objectives 
set out in biodiversity, food security, farm to fork 
and even zero pollution strategies. The work will 
provide guidelines on optimising the discovera-
bility and the reuse of agricultural data, building 
on the experience with INSPIRE implementation 
and existing IACS data sharing practices in the EU 
Member States. The INSPIRE central infrastruc-
ture components (see Section 2.2) will incorpo-
rate new features to reflect this extended scope, 
in particular new codelists and related values will 
be included in the INSPIRE Registry to make ag-
ricultural datasets discoverable, and new filters 
based on those keywords will be introduced in the 
INSPIRE Geoportal to provide access to those data.

63 https : / /ec .europa.eu/food/hor izontal-topics/
farm-fork-strategy_en

https://ec.europa.eu/food/horizontal-topics/farm-fork-strategy_en
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5.3 Open Data Directive and high-val-
ue datasets

The push towards more open data, active dissem-
ination and reuse is embodied in the Open Data 
Directive (European Union, 2019), which was a 
recast of the former Public Sector Information Di-
rective (European Union, 2003a). The Open Data 
Directive introduces the notion of high-value da-
tasets, i.e. datasets whose reuse is associated 
with important benefits for economy and society. 
To facilitate the reuse of such datasets and max-
imise their impact, the Directive requires Member 
States public authorities to make high-value da-
tasets available free of charge, in machine-read-
able formats, under standardised open access 
licenses that allow generous reuse conditions (in-
cluding e.g. for commercial purposes). Such da-
tasets are to be made accessible through both 
Application Programming Interfaces (APIs) and 
bulk download. The Open Data Directive does not 
yet provide the full list of high-value datasets, but 
only the 6 thematic categories they belong to (in-
cluded in Annex I of the Directive), i.e. Geospatial, 
Earth observation and environment, Meteorolog-
ical, Statistics, Companies and company owner-
ship, and Mobility.

At the time of finalising this report (August 2021), 
the Commission is working on an implementing 
act on high-value datasets (with adoption expect-
ed between the end of 2021 and beginning of 
2022) that will lay down the full list of high-value 
datasets. The implementing act will rely heavily 
on the INSPIRE Directive, both in terms of the ac-
tual datasets and their modes of provision (data 
formats, metadata information, licensing, etc.) for 
the definition of high-value datasets in the the-
matic categories Geospatial, Earth observation 
and environment and Mobility. Some datasets 
already made available by Member States data 
providers under several INSPIRE data themes 
(from all INSPIRE Annexes) falling under the three 
abovementioned categories will be also part of 
the high-value datasets. Overall, the key impact 

of the Open Data Directive on INSPIRE will be the 
publication of (many) INSPIRE datasets under 
open data licenses, which would in turn increase 
the exploitation of the overall infrastructure.
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Technology 
trends

In this section, we provide a short overview of 
relevant emerging technology trends that, when 
combined, to a large extent define the bounding 
conditions for the evolution of SDIs. In describ-
ing those we consequently focus on 1  new data 
sources that can complement and even in some 
cases substitute data that is traditionally provided 
by the public sector, 2  modern means for expo-
sure of the data in a developer-friendly manner, 
3  the impact of platforms on the architectures 

of data infrastructures, and finally 4  the role of 
analytics and location intelligence built on top of 
existing data. Failing to consider those would lead 
to SDIs becoming a big silo, and even being con-
sidered obsolete in the long term.

6.1 New data sources

6.1.1 Internet of Things

An ever-increasing number of heterogeneous de-
vices are connected to the Internet and are capa-
ble of producing increasing volumes of different 
data (Swan, 2012). This development has pro-
found implications on all actors in the data econ-
omy, including the public sector. With the rise of 
5G networks and a low cost of hardware compo-
nents, the number of sensors and the data they 
produce are only expected to grow. This provides 
unprecedented opportunities for densifying exist-
ing monitoring networks and collecting data with 
a precision and spatial resolution that were un-
thinkable only several years ago. That is why, the 
rise of the Internet of Things (IoT) has a direct in-
fluence on the data ecosystem dynamics, architec-
tures, tools and standards, and ultimately poses 
new challenges and opportunities for the use of 
the data. A debate on the advantages and issues 

related with the uptake of the IoT concretely with-
in the context of geospatial applications is provid-
ed by Granell et al. (2020). 

6.1.2 Citizen-generated geospatial data

The major technological changes occurred in the 
geospatial domain during the first decade of the 
2000s, mainly the spread of GPS-enabled mobile 
devices and the availability of high-resolution sat-
ellite imagery at low cost, have seen a new player 
– the crowd – become a major producer of ge-
ospatial information, thus challenging the tradi-
tional role of the public sector. Citizen-generated 
geospatial data is nowadays referred to through 
multiple terms. The first one to be coined was 
Volunteered Geographic Information (VGI) (Good-
child, 2007), followed by a plethora of other terms 
which are overall summarised by the umbrella 
expression crowdsourced geographic information 
(See et al., 2016).

The most popular VGI project to date is certainly 
OpenStreetMap (OSM)64. Started in 2004, it con-
sists of a crowdsourced database of vector data 
(points, lines and polygons) covering the whole 
world and available under the open access Open 
Database License (ODbL). To date more than 1.6 
million contributors have performed at least one 
change to the database, with about 50 thousand 
active contributors performing approximately 120 
million edits every month65. The simplicity of the 
OSM data model, based on only three different 
object types complemented by a flat list of at-
tributes, named tags (Ramm et al., 2010) and the 

64 https://www.openstreetmap.org

65 https://wiki.openstreetmap.org/wiki/Stats

https://www.openstreetmap.org
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availability of multiple APIs to access the data66 
make it extremely easy to download and con-
sume OSM data in mainstream GIS software or via 
third-party applications. This is – together with the 
open license – the reason why OSM is currently 
used by an increasing number of actors (Moon-
ey and Minghini, 2017), including, among others: 
humanitarian organisations, coordinating collec-
tion of new OSM data when natural disasters or 
humanitarian crises unfold67; private companies, 
including tech giants such as Facebook, Apple and 
Amazon, exploiting (but also contributing to) OSM 
for their business purposes (Anderson et al., 2019); 
and even governments, using OSM to integrate, 
complement or update authoritative data68. The 
latter case represents one of the most fascinat-
ing examples of adaptation of the public sector to 
the current data landscape, although examples of 
integration of authoritative and citizen-generated 
data are still isolated and developed on a case-
by-case basis, with common business models and 
approaches yet to be investigated (Minghini et al., 
2019; Sarretta and Minghini, 2021). The main fac-
tor which is still limiting the use of OSM, particu-
larly from the public sector, is the concern about 
its quality, deriving from the typically non-profes-
sional nature of contributors and the absence of 
metadata. However, a huge body of literature ex-
ists – for a comprehensive review, see Senaratne 
et al. (2016) – showing that OSM quality may have 
biases (e.g. data completeness and spatial accura-
cy are typically higher in urban than rural areas) 
but may also equal, if not even outperform, the 
quality of the corresponding authoritative data-
sets.

A significant portion of citizen-generated geospa-
tial data also derives from Citizen Science (CS) in-
itiatives. CS is a more general and historically older 
term pertaining to the involvement of non-profes-

66 https://wiki.openstreetmap.org/wiki/API

67 https://wiki.openstreetmap.org/wiki/Humanitarian_
OSM_Team

68 https://wiki.openstreetmap.org/wiki/Import

sionals in scientific activities, mainly data collec-
tion but also quality assurance, data analysis and 
dissemination of results (Irwin, 1995). In contrast 
to OSM where contributors can add any type of 
geospatial data, the objectives of CS projects usu-
ally target a specific thematic area, for example 
biodiversity (Schade et al., 2016). CS was demon-
strated to be a viable way to engage and empow-
er the public in EU policy-making, particularly to 
support the European Commission objectives con-
nected to the Green Deal (European Commission, 
2020e).

6.1.3 Satellite data

In addition to allowing citizens to produce new 
data, remotely-sensed observations are them-
selves a valuable data source for many geospatial 
applications. The domain of satellite remote sens-
ing is currently characterised by the presence of 
big industry players such as Planet69 and Maxar70, 
which directly control hundreds of satellites and 
offer an impressive number of products ranging 
from high-resolution imagery to derived datasets 
and services.

However, some recent developments are rev-
olutionising the way in which the Earth can be 
observed. Those include e.g. affordable small 
satellites (Sweeting, 2018), which provide op-
portunities for mass deployment and establish-
ment of dense Earth Observation constellations 
at the fraction of the price of traditional (military, 
government and private) systems. Low-cost un-
manned aerial vehicles (UAV) have also become 
mature and reliable systems to generate valuable 
data for several disciplines and applications (Nex 
and Remondino, 2014), with collections of open-
ly-licensed UAV imagery, such as OpenAerialMap71, 
becoming increasingly available.

69 https://www.planet.com

70 https://www.maxar.com

71 https://openaerialmap.org
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A prominent role is also played by Copernicus72, 
the EU’s Earth Observation programme managed 
by the European Commission in partnership with 
the Member States, the European Space Agency 
(ESA), the European Organisation for the Exploita-
tion of Meteorological Satellites (EUMETSAT), 
the European Centre for Medium-Range Weather 
Forecasts (ECMWF), EU Agencies and Mercator 
Océan. Though still under development, through 
the family of Sentinel satellites Copernicus al-
ready delivers an immense amount of data, all 
provided free of charge and under an open access 
license to maximise the reuse. Copernicus ser-
vices target six key areas (atmosphere, marine, 
land, climate change, security and emergency) 
with direct impacts on several EU policies, e.g. the 
Common Agricultural Policy that will benefit from 
an unprecedented opportunity to streamline and 
optimise the monitoring of agricultural subsidies. 
When fully operational, Copernicus will generate 
more than 25 PB of data per year, thus becoming 
the largest satellite system in history (Bai et. al, 
2017).

6.1.4 Open research data

In parallel to the legislative framework and the 
related initiatives aimed to open up and reuse 
public sector data discussed in Section 5, an in-
creased attention has been placed on making re-
search digital objects – including not only ‘data’ 
in the conventional sense but also the associated 
algorithms, tools and workflows – aligned with the 
FAIR (Findability, Accessibility, Interoperabili-
ty, Reusability) guiding principles (Wilkinson et 
al., 2016). The need for FAIR research data at the 
EU level has been also directly recognised by the 
European Commission with the setup in 2016 of 
an Expert Group to investigate how the FAIR par-
adigm can be turned into reality. The Report and 
Action Plan released by the Group highlighted the 
needs of a proper research culture and technolog-
ical infrastructure to ensure that all digital outputs 

72 https://www.copernicus.eu

of research are made FAIR (European Commission, 
2018b). To concretely allow researchers to make 
their data FAIR several specialised repositories 
were created, including some specific to certain 
disciplines or institutions and some global and 
general-purpose. While an example of the former 
is the JRC Data Catalogue73, among the latter, 
FigShare74, Dataverse75, Zenodo76 and DataHub77 
welcome a huge variety of object types (includ-
ing code, datasets and papers) and do not impose 
strict restrictions on their metadata. In turn, the 
FAIR data principles and their underlying values 
of openness, transparency, reliability and collab-
oration represent enablers for the so-called open 
science approach and its key principle of research 
reproducibility (Goodman et al., 2016). A num-
ber of scientific communities are already strictly 
adopting such an approach, with the notable ex-
ample of the AGILE’s (Association of Geographic 
Information Laboratories in Europe) Reproduci-
ble Paper Guidelines (Nüst et al., 2019) requiring 
the presence of a section on data and software 
availability in all papers submitted to the AGILE 
conferences. At the European level, a dedicated 
platform78 is made available for accommodating 
the findings of EU research projects, which in turn 
are by default following the FAIR principles. Simi-
larly, several research journals were recently cre-
ated, or fine-tuned their scope, in order not only 
to offer open access publication options but also 
to make research data and/or software direct-
ly discoverable, accessible and citable. Examples 
are MDPI’s Data79, Elsevier’s Data in Brief80 and, in 
the geospatial domain, Springer’s Open Geospatial 
Data, Software and Standards81.

73 https://data.jrc.ec.europa.eu

74 https://figshare.com

75 https://dataverse.org

76 https://zenodo.org

77 https://datahub.io

78 https://open-research-europe.ec.europa.eu

79 https://www.mdpi.com/journal/data

80 https://www.journals.elsevier.com/data-in-brief

81 https://opengeospatialdata.springeropen.com
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6.1.5 Private data

Private entities in many application domains and 
of varied sizes ranging from small and medium 
enterprises to hyperscalers now hold increasing 
amounts of data. Being collected, stored, and used 
often without the awareness or explicit consent of 
those who contributed it, private sector data are 
of critical importance for the success of a grow-
ing number of commercial endeavours as well as 
an important strategic asset. The role of private 
data for public good is not fully harnessed. One of 
many examples, illustrating the potential for pri-
vately-owned geospatial data are those collected 
by mobile network operators (Iacus et al., 2020). 
Such data can act as a proxy for population data 
of relatively high spatial resolution. More impor-
tantly, the temporal resolution of such data can be 
remarkably high. However, when considering com-
mercial data as a source of information for public 
good, the emerging issues relating to privacy and 
ethics are to be accounted for (Keßler and McKen-
zie, 2018).

The reuse of private-sector data is at present diffi-
cult, as companies are in most cases contributing 
them on a voluntary basis. Considering that data 
are an important asset of companies, they are very 
often not willing to share them with the rest of the 
world. In the absence of a clear regulatory frame-
work requiring the private sector across multiple 
domains to share their data, societal benefits from 
their possible reuse unfortunately remain limited. 
The envisioned Data Act described in Figure 21 
will address those shortcomings and lead to a fair-
er business data sharing. Additionally, if personal 
data are to be shared, specific measures for their 
anonymisation shall be put in place, while ensur-
ing that companies which contribute them retain 
their competitiveness. In this complex setting we 
still have to understand how to reuse private sector 
data to be beneficial for all stakeholders. Indication 
on how to overcome those outstanding challenges 
and leverage on the use of such data are provided 
by Craglia et al. (2021) and Martin et al. (2021).

6.2 From data collection to data con-
nection (APIs)

The Web has since the early conceptualisation of 
INSPIRE been used as the means for exposing ge-
ospatial data. However, this was done using tech-
nical approaches that required specific knowledge 
to interact with the data. The service interfaces 
in traditional SDIs, including INSPIRE (e.g., WMS, 
WFS, WCS and SOS) are well known and support-
ed by client applications, but they use the Web as 
a ‘tunnel’ and are difficult to interact with in the 
absence of up-front knowledge of the query logic. 
In contrast, modern web-based Application Pro-
gramming Interfaces (APIs) provide a means for 
developers to easily create value-added prod-
ucts with limited preliminary knowledge (Vaccari 
et al., 2021). In addition, APIs can hide the com-
plexity of upstream infrastructures and offer a set 
of well-defined and documented web methods 
(e.g., HTTP GET, POST, PUT, etc.) for data utilisation 
and processing across various components. Mod-
ern web-based APIs support modern SDIs by going 
one step further as they 1  provide a simple ap-
proach to data processing and management func-
tionalities, 2  possibly offer different encodings of 
the payload, 3  can easily be integrated into dif-
ferent tools, and 4  can facilitate the discovery of 
data through mainstream search engines such as 
Google and Bing (Kotsev et al., 2020).

The recently developed standards of the OGC 
have a strong focus on establishing APIs for shar-
ing geospatial data. For instance, the OGC API 
- Features82 and the OGC SensorThings API83 
standards provide standardised APIs for ensuring 
modern access to spatial and observation data. 
However, multiple questions arise on possible ap-
proaches on the implementation of APIs alone, 
or on top of existing services, i.e., implementing 
APIs that leverage on investments already made 
in service interfaces such as WFS and WMS.  

82 https://ogcapi.ogc.org/features

83 https://www.ogc.org/standards/sensorthings
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In recent years, new modalities of data provision have been 
emerging, foremost Representational State Transfer (REST) 
APIs. Under this new RESTful paradigm, various issues with 
the existing OGC web services have been alleviated, allowing 
for far more intuitive data provision and use. Funded by ELISE, 
the API4INSPIRE project (datacoveeu.github.io/API4INSPIRE) 
evaluated new, API-based open standards like the OGC API - 
Features and SensorThings API for inclusion within INSPIRE. 
For the provision of SensorThings API the Fraunhofer Open 
Source SensorThings Server (FROST) is already available as a 
free solution and allowed for a much faster implementation of 
real-world applications. In one of the use cases, data from both 
the German and French sides of the Rhine River, integrating 
datasets from the German State of Baden-Württemberg 
(LUBW) with those stemming from the French Geological 
Survey (BRGM) and the French Office for Biodiversity (OFB) 
provided alternative perspectives on the Rhine. In this example, 
more than 300 million spatio-temporal, pan-European air 
quality observations are made available through the FROST 
implementation of the OGC SensorThings API. 

Jürgen Moßgraber, Fraunhofer IOSB
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In addition to that, the frequently used OpenAPI 
specification84 allows to document APIs in a ven-
dor independent, portable and open manner. In ad-
dition, a testing client is fully integrated within the 
API documentation, which allows users to easily 
and quickly start interacting with the API. 

6.3 Novel architectures

Traditionally, the exchange of data in an SDI fol-
lows a request-response pattern which extracts 
requested data from a database and delivers 
them to the users. With the rise of the IoT as a 
major source of information, the streaming of 
data is playing an increasingly important role. A 
stream provides a sequence of digitally encoded 
signals with a certain frequency and payload that 
are transmitted and/or received. Often, there is 
no need to store the streamed data, e.g., in cases 
where data is useful only in certain circumstances 
and within the right context. 

In addition, the polling of data which is inherent 
to the service-oriented architecture of SDIs as we 
know them might lead to the generation of exces-
sive traffic. This is not necessarily well-suited for 
data intensive use-cases, or when data is needed 
only as result of the occurrence of a particular event, 
for example when a threshold value is reached, or 
when new data is made available. Standards such 
as the Message Queue Telemetry Transport (MQT-
T)85 are well established and fit for such purposes. 
That is why Rieke et al. (2018) recommend the es-
tablishment of “Event-driven SDI’s”. This might be 
achieved in an evolutionary manner that comple-
ments, and does not substitute existing approach-
es. Such an approach would provide users with a 
choice of a solution which is tailored to their needs. 
This possibility becomes feasible from a technolog-
ical point of view, as the emergence of cloud-based 
solutions can address the user demand in a flexible 
and scalable manner (Kotsev et al., 2020).

84 https://swagger.io/specification

85 https://mqtt.org

The increased diversity of architectural ap-
proaches that we are facing is inevitably impact-
ing SDIs. Whereas in the past data was processed 
and made available on some sort of centralised 
server, now this only comprises one of several fre-
quently used architectural approaches, described 
in detail in Granell et al. (2020). Depending on the 
concrete use case, computing can also take place 
in 1  the network edge (e.g., on sensors devices), 
2  fog (e.g., on network gateways), or 3  cloud. 

This novelty has led to the emergence of data 
spaces with various complexity that also occur at 
multiple levels such as the local or the regional. If 
most data today are being processed in the cloud 
- 80% in accordance with a recent study of the In-
ternational Data Corporation (2018), it is expected 
that the rapid growth of the IoT will revert that, 
and most processing would therefore take place 
close to the network edge. Today, network latency, 
leading to a slow transfer of data, poses a limi-
tation for the uptake of edge and fog computing, 
which will be overcome by the fifth-generation 
wireless technology for digital cellular networks 
(5G). Despite the different architectural setting of 
edge, fog and cloud computing, a shared charac-
teristic of the three approaches is the coupling of 
data and algorithms. 

6.4 Agile standards

In addition to all the technological trends described 
above, a new kind of standardisation initiatives are 
emerging. Historically formal standardisation bod-
ies often approached studied phenomena through 
a comprehensive approach in their attempt to 
represent multiple, sometimes complex phenom-
ena. This approach slowed down standardisation, 
resulted into the adoption of highly excessive 
standards which in turn sometimes lead to very 
few implementations, and posed a burden on both 
users and data providers. Standardisation for the 
needs of SDIs inherited such complexity from their 
multiple standardisation building blocks. INSPIRE 
is no exception, and that is why it is considered by 
some as too complex. Recently, understanding the 

https://swagger.io/specification
https://mqtt.org
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limitations introduced by this top-down approach, 
but also taking advantage of the emergence of 
platforms that leverage on tools for co-creation 
of content such as wiki and git, a new breed of 
de facto standards is rapidly being established. In 
contrast to the above-mentioned approach, those 
standards are co-created online by multiple ac-
tors, including the future users of those standards, 
in an agile and iterative manner. Capturing all pos-
sible use cases is no longer the primary objective 
of the standardisation activity. On the contrary, 
tweaking the developments to the needs of users, 
thinking of simplicity, and lowering the entry level 
are the primary objectives. Good examples of such 
a lightweight approach are the abovementioned 
OGC API - Features and SensorThings API stand-
ards (and more in general the new OGC API fam-
ily of standards86 that is being produced by the 
OGC). Both have huge potential for modernising 
SDIs and have been already recognised as INSPIRE 
good practices (see Subsection 3.2.1). 

As far as data encoding is concerned, several new 
standards with excellent client support should be 
mentioned. Those include 1  the GeoPackage 
standard87, which is fast, efficient and provides 
multiple advantages over text-based formats, in 
particular relating to the sharing of complex ge-
ometries and big volumes of data, 2  the Cloud 
Optimized GeoTIFF (COG)88 format, which is a 
modern and effective solution to make satellite 
imagery, and in general big raster data, easily con-
sumable through the web, 3  GeoJSON89, which 
is the de facto standard for sharing geospatial 
data on the web through modern APIs, and 4  the 
SpatioTemporal Asset Catalogs (STAC)90, which is 
not yet a full OGC standard but provides a power-

86 https://ogcapi.ogc.org

87 https://github.com/INSPIRE-MIF/gp-geopackage-en-
codings

88 https://www.cogeo.org

89 https://github.com/INSPIRE-MIF/2017.2/blob/master/
GeoJSON/geojson-encoding-rule.md

90 https://stacspec.org

ful way to expose collections of spatio-temporal 
data (including satellite imagery, data cubes and 
point clouds).

6.5 Mature tools

From our perspective, the increased availability 
and diversity of data sources goes hand in hand 
with a growing versatility of software tools 
(e.g., open source, proprietary, mixed, standalone, 
bundled). This in turn is leading to an increased 
number of different approaches for processing, 
analysing and visualising data. Having more op-
tions at disposal empowers data users and is a 
precondition for the reuse of existing data. Howev-
er, from a European perspective aligned with the 
FAIR principles and centred around the concepts 
defined in the European Strategy for Data (Euro-
pean Commission, 2020a) as well as the Europe-
an Commission’s Open Source Software Strategy 
2020-2023 (European Commission, 2020f), we 
assume that open source software would be very 
well fit for best utilising the different data sources 
described in Section 6.1.

https://ogcapi.ogc.org
https://github.com/INSPIRE-MIF/gp-geopackage-encodings
https://github.com/INSPIRE-MIF/gp-geopackage-encodings
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VISION Spatial data sharing is not a goal in 
itself, but a means to an end – and 
INSPIRE is no exception. 

To remain fit for purpose, INSPIRE 
should support data-driven deci-
sion-making and innovation to help 
tackle our societal and environmen-
tal challenges, while also contributing 
to the data economy. To ensure com-
patibility and long-term sustainabil-
ity, INSPIRE should ideally ‘blend in’ 
with the broader ecosystem of spatial 
and non-spatial data, infrastructures, 
technologies and policies. 

This will also mean opening up to a 
broader community of implementers 
and users and to a broader range of 
applications and use cases. Making 
the INSPIRE legal and technical frame-
work more flexible and agile will sig-
nificantly lower the entry level to the 
sharing and utilisation of data. 

To achieve this, the technical ap-
proaches need to be simplified by re-
using well-adopted standards and 
technologies.
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After having clarified the bounding conditions for 
(geo)data-driven innovation from both a techno-
logical and policy perspective, here we provide our 
vision for the future of European SDIs, and of IN-
SPIRE in particular. In doing so, we put particular 
emphasis on the guiding principles, but also on the 
key components and barriers to be overcome. Ac-
knowledging the fact that technology is develop-
ing at a rapid pace, we also propose a high-level 
architecture of INSPIRE which, from our perspec-
tive, would be valid within a horizon of five to ten 
years from now.

To illustrate the practical implications of this vi-
sion, here we provide a hypothetical example (use 
case) exemplifying what will happen if our vision 
becomes a reality. Our use case is presented from 
the perspective of a user who needs heterogene-
ous data for the creation and scaling up of a da-
ta-driven product.

DISCOVERY 
The team searches through a search engine for relevant 
datasets (that include, but are not limited to INSPIRE), and through a 
code repository for processing tools and relevant discussions.

USAGE AND FEEDBACK LOOP 
Feedback from the usage of the data is evaluated and 
incorporated into the different data sources to help the 
corresponding data providers improve their quality, but also 
the relevant technologies and standards.

DATA EVALUATION
The team discovers well-documented data and different APIs with 
examples that help them to immediately start experimenting.

Data encodings and models are self-explanatory, and easy to combine through 
multiple tools, even if not fully harmonised. The metadata that is bundled together 
with the datasets and exposed by the APIs is clear and follows a recognised 
standard. Some of the data is open, and some is proprietary, but everything is 
clearly described and gives certainty for the usage conditions.

DATA PREPARATION
For data that is not harmonised, the team uses powerful, yet 
simple Extract-Transform-Load (ETL) tools to combine the 
various sources of data into a single derivative product.

Where data from the public domain is not available, the team complements the 
sources with citizen-generated information from OpenStreetMap. For some of the 
data that is needed, out-of-the-box products are already available in a European 
federated cloud environment for immediate reuse.

APP PROTOTYPING AND 
DEPLOYMENT 
As a result, the team produces a working prototype that scales 
to the pan-European market.

The prototype together with all data sources is directly processed and stored in a 
European federated cloud environment which is aligned with the principles of EU 
legislation and offers out of the box functionalities such as authentication, AI 
algorithms for quality checks of the data, multiple standard-based APIs for 
exposing the data. The developed product combines personal information of users 
in the cloud and ensures the privacy and compliance with European data protection 
legislation.
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In 2025, a European SME is work-
ing on an analytical service for 
supporting citizens and real es-
tate agencies in finding the areas 
of cities that are most suitable 
for renting housing. In accordance 
with their business plan, such an 
approach is only economical-
ly feasible if the service can be 
scaled to a pan-European level.

 The team of developers engaged 
with this task has thorough expe-
rience in data science but little or 
no prior knowledge of geospatial 
technologies and standards. 

They approach the problem in 
the following manner:
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DISCOVERY 
The team searches through a search engine for relevant 
datasets (that include, but are not limited to INSPIRE), and through a 
code repository for processing tools and relevant discussions.

USAGE AND FEEDBACK LOOP 
Feedback from the usage of the data is evaluated and 
incorporated into the different data sources to help the 
corresponding data providers improve their quality, but also 
the relevant technologies and standards.

DATA EVALUATION
The team discovers well-documented data and different APIs with 
examples that help them to immediately start experimenting.

Data encodings and models are self-explanatory, and easy to combine through 
multiple tools, even if not fully harmonised. The metadata that is bundled together 
with the datasets and exposed by the APIs is clear and follows a recognised 
standard. Some of the data is open, and some is proprietary, but everything is 
clearly described and gives certainty for the usage conditions.

DATA PREPARATION
For data that is not harmonised, the team uses powerful, yet 
simple Extract-Transform-Load (ETL) tools to combine the 
various sources of data into a single derivative product.

Where data from the public domain is not available, the team complements the 
sources with citizen-generated information from OpenStreetMap. For some of the 
data that is needed, out-of-the-box products are already available in a European 
federated cloud environment for immediate reuse.

APP PROTOTYPING AND 
DEPLOYMENT 
As a result, the team produces a working prototype that scales 
to the pan-European market.

The prototype together with all data sources is directly processed and stored in a 
European federated cloud environment which is aligned with the principles of EU 
legislation and offers out of the box functionalities such as authentication, AI 
algorithms for quality checks of the data, multiple standard-based APIs for 
exposing the data. The developed product combines personal information of users 
in the cloud and ensures the privacy and compliance with European data protection 
legislation.
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7.1 Making the vision a reality

Here, we propose a list of actionable legal, organ-
isational and technological items to help achieve 
the vision presented in Section 7. Deliberately, we 
emphasise on the period until 2024 in order to 
align the work with the already endorsed INSPIRE 
MIWP 2021-2024 (see Section 3.2). The activities 
contributing to the implementation of the vision 
are complex, and for instance the legislative deci-
sions will have implications on the organisational 
and technological ones and vice versa. That is why, 
it only makes sense to address them by consid-
ering the legal, organisational and technological 
dimensions altogether. However, for simplicity rea-
sons, those are kept separate below.

7.1.1 Legal actions

Avoid overspecification in legislation

As also highlighted on multiple occasions in this 
report, there is a significant difference in the speed 
at which technology and legislation develop. If 
technology is evolving in an ever-growing speed, 
legislation alongside with all the necessary sup-
plemental processes, e.g., public consultation ex 
ante and ex post evaluation is a slow process. It 
is therefore essential that the provisions in leg-
islation are scoped with sustainability in mind 
and do not overspecify the technical require-
ments while remaining fit for purpose but also 
avoiding the need for frequent changes in the le-
gal framework. A possible approach for address-
ing this challenge is to 1  refer in the legal acts 
to persistent identifiers in publicly accessible re-
positories, where the actual technical provisions 
are to be maintained and updated, and 2  define 
the governance approach for the repositories and 
technical provisions. Regarding the former, the 
approach already used for sharing and governing 
registers, used by the INSPIRE Registry (see Sub-
section 3.2.1) can be further developed.

Streamlining and simplifying the legal framework, 
combined with a reduction of the overspecification 

of technical provisions, can be achieved within the 
context of the evaluation of the INSPIRE Directive91, 
and the follow-up actions under the European 
Strategy for Data (European Commission, 2020a) 
and its function as a digital enabler for the Euro-
pean Green Deal initiative (European Commission, 
2019a). The evaluation of the Directive (due by 1 
January 2022) provides an excellent opportunity 
to simplify the technical specifications. A possible 
approach to be followed would be to reduce the 
technical provisions in the legal base and govern 
them outside by exploiting the full potential of the 
INSPIRE good practices procedure (see Subsection 
3.2.1), and existing online collaborative platforms 
like the INSPIRE MIF GitHub repository92. 

An additional legal boost for the implementation 
of INSPIRE would be the forthcoming implement-
ing act on the high-value datasets defined under 
the Open Data Directive (see Section 5.3). Closely 
aligned with INSPIRE, the provisions on high-value 
datasets would catalyse geospatial data sharing 
through the requirements relating to the use of 
standard-based APIs, commonly agreed licensing, 
open data formats and metadata.

Use a simple licensing framework

Licensing information is an essential requirement 
for making sure that the data are used in a prop-
er manner. What we have observed in INSPIRE is 
that the approach towards licensing is very dif-
ferent from country to country, and even more so 
between data providers (see Section 4.7). Further-
more, quite often the license for a given dataset is 
not available at all which creates a significant bar-
rier for the reuse. That is why, 1  ensuring that 
the approach is harmonised through an existing 
licensing framework such as Creative Commons93, 

91 https://ec.europa.eu/info/law/better-regulation/
have-your-say/initiatives/12427-Sharing-geo-
spatial-data-on-the-environment-evaluation-IN-
SPIRE-Directive-en

92 https://github.com/INSPIRE-MIF

93 https://creativecommons.org/licenses/

https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12427-Sharing-geospatial-d
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12427-Sharing-geospatial-d
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12427-Sharing-geospatial-d
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12427-Sharing-geospatial-d
https://github.com/INSPIRE-MIF
https://creativecommons.org/licenses/
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and 2  exposing the license in a machine-read-
able manner together with the datasets would 
significantly increase the reusability potential of 
the data. Once again, the new developments un-
der the Open Data Directive, and in particular the 
forthcoming implementing act on the high-value 
datasets (as described in Section 5.3) provide the 
legal foundation for sharing the data under open 
standardised licenses. An additional aspect, con-
sidering the rapid rise and disruptive role of AI, is 
to ensure that licensing information is exposed in 
a machine-readable manner close to the datasets.

7.1.2 Organisational actions

Embrace co-design by default

The development of Europe’s SDIs, and the INSPIRE 
infrastructure in particular, pioneered mechanisms 
for co-creation and co-design of consensus-based 
technical arrangements. However, this approach 
1  represented at large the perspective of those 

who participated in the drafting, that is, data pro-
viders, 2  took too long for the arrangements 
to be endorsed and adopted, and 3  followed a 
linear approach for making data available where 
the interaction with users only came in the last 
stages of the implementation. Consequently, oth-
er stakeholders such as software vendors, data 
integrators and end users were not fully includ-
ed in the process. Nowadays, mainstream online 
collaborative tools such as GitHub and BitBucket 
provide excellent opportunities for building on top 
of the already established partnerships, but also 
in speeding up the process of co-creation and en-
dorsement of technical specifications. In this con-
text, the overall approach to SDIs should ideally 
be neither top-down, nor bottom-up, but shared 
across multiple levels.

In addition, the conceptualisation of approaches 
should embrace in advance the fact that tech-
nologies are, and will continue to rapidly change, 
that is, there will be new disruptive technologies 
soon, while others will quickly become obsolete. 

That is why, a rigid linear process which roots all 
developments into a particular standard or tech-
nology makes little sense. Instead, an agile ap-
proach based on extensive experimentation 
(sandboxing) is desirable, which would respect 
the overall principles and concepts but can eas-
ily and inclusively be tailored to the needs of 
different stakeholders, with no predominance of 
data providers. This would ensure flexibility and 
create sustainable conditions for leveraging on al-
ready existing technologies and approaches in a 
collaborative and transparent manner.

The established procedure for INSPIRE good 
practices (see Subsection 3.2.1) provides a fea-
sible way forward for introducing and agreeing 
on new technologies and approaches through 
extensive collaboration between providers, early 
adopters of standards and users. The final step 
of the good practice procedure dedicated to the 
legal scrutiny, in turn, ensures that the technical 
provisions are aligned with the legal framework. 
Similarly, in line with the overall vision, it is crucial 
to elaborate a sustainability strategy for the 
central INSPIRE infrastructure components (see 
Section 2.2) by 1  relying, whenever possible, on 
mature and well-established open source soft-
ware tools in order to limit the development ef-
fort to the INSPIRE-specific parts, 2  harmonising 
the approaches for the helpdesks, and 3  estab-
lishing governance structures based on strategic 
partnerships with relevant communities, including 
EU Member States, stakeholder organisations and 
open source communities. Such a sustainability 
strategy has been recently planned and start-
ed to be implemented within the INSPIRE MIWP 
2021-2024. In addition, the new Digital Europe 
(DIGITAL) Programme61 would provide important 
instruments to achieve this objective. Actions al-
ready undertaken include the migration of all the 
helpdesks to the INSPIRE MIF GitHub repository 
and the ongoing development of a re-engineered 
backend of the INSPIRE Geoportal (see Subsec-
tion 2.2.1), which is currently a highly custom-
ised, home-developed system, based on the open 



76 INSPIRE   A Public Sector Contribution to the European Green Deal Data Space

source GeoNetwork94 project. 

Finally, an agile approach is also required to en-
sure the governance and sustainable evolution 
of the INSPIRE artefacts, which are key assets 
of the whole infrastructure and include applica-
tion schemas, TG documents and UML models. 
The established approach has been recently oper-
ationalised on specific GitHub repositories95,96 and 
defines a structured procedure involving multiple 
actors in the proposal, discussion and endorse-
ment of changes according to a specific timeline. 
This would ensure the evolution of the INSPIRE in-
frastructure in an agile, collaborative and consen-
sus-based manner.

Rethink the existing INSPIRE governance 
structures

In light of the new context and priorities (see 
Section 5), rethinking the currently existing MIG 
governance structures is an important step to-
wards ensuring that INSPIRE can ‘blend in’ within 
a broader data ecosystem. The recent work with 
the Open and Agile Smart Cities (OASC) interna-
tional network on feeding the technological ap-
proaches developed by INSPIRE into the smart city 
Minimal Interoperability Mechanisms (MIMs)97 is 
an example in this respect. Including other stake-
holders, in particular cities and regions, but also 
giving intermediaries, such as marketplaces (for 
example the Dutch PDOK distribution platform98 or 
the API-AGRO initiative99) a prominent role would 
guarantee that INSPIRE remains open and inclu-
sive. An ideal governance structure would be more 
balanced, i.e. represented by less providers, and 
with more users, open source projects and stand-
ardisation initiatives.

94 https://geonetwork-opensource.org

95 https://github.com/INSPIRE-MIF/application-schemas

96 https://github.com/INSPIRE-MIF/technical-guidelines

97 https://mims.oascities.org/interaction/oasc-mim7-
places

98 https://www.pdok.nl

99 https://api-agro.eu

Adopt an ecosystem approach

We envisage that by 2030 there will be no specific 
governance centrally-managed structure for IN-
SPIRE such as the currently existing MIG. The role 
for governing the infrastructure should ideally 
blend into the broader data ecosystems, de-
fined as an environment where a number of ac-
tors interact with each other for a specific purpose, 
generating value from the network by producing, 
exchanging and consuming data in a collectively 
governed and operated way100. Concretely, ap-
proaches for the evolution of SDIs into self-sus-
tainable ecosystems, derived from the study of 
existing data ecosystems, are discussed by Martin 
et al. (2021) as well as Coetzee et al. (in press). 
Within the envisioned governance approach data 
intermediaries, and even more so the communi-
ties of data users would become an integral part 
of the governance. Within the data ecosystem, it 
would be essential to understand the role of the 
different actors, alongside their interplay, incen-
tives, barriers to data sharing and enablers that 
can help overcome the bottlenecks which act as 
an obstacle to the sharing of data. 

Figure 22 provides a simplified perspective of a 
data ecosystem with different actors (based on the 
quadruple helix model), alongside their incentives 
(provided for each of the segments), and the en-
ablers that would facilitate the exchange of data. 
The enablers shown in the figure are structured 
in accordance with the European Interoperabili-
ty Framework (EIF) into legal, organisational and 
technical. In interpreting this perspective on data 
ecosystems, it is important to emphasise that the 
distinction between the providers and users of 
data is almost impossible, as e.g. public sector au-
thorities are often also the users of the data.

100 https://joinup.ec.europa.eu/collection/elise-europe-
an-location-interoperability-solutions-e-government/
document/report-european-union-location-frame-
work-blueprint

https://geonetwork-opensource.org
https://github.com/INSPIRE-MIF/application-schemas
https://github.com/INSPIRE-MIF/technical-guidelines
https://mims.oascities.org/interaction/oasc-mim7-places
https://mims.oascities.org/interaction/oasc-mim7-places
https://www.pdok.nl
https://api-agro.eu
https://joinup.ec.europa.eu/collection/elise-european-location-interoperability-solutions-e-government/document/report-european-union-location-framework-blueprint
https://joinup.ec.europa.eu/collection/elise-european-location-interoperability-solutions-e-government/document/report-european-union-location-framework-blueprint
https://joinup.ec.europa.eu/collection/elise-european-location-interoperability-solutions-e-government/document/report-european-union-location-framework-blueprint
https://joinup.ec.europa.eu/collection/elise-european-location-interoperability-solutions-e-government/document/report-european-union-location-framework-blueprint
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Figure 22. Data ecosystem actors, incentives and enablers Source: JRC; authors’ own elaboration.



78 INSPIRE   A Public Sector Contribution to the European Green Deal Data Space

7.1.3 Technological actions

Continue to improve the discoverability and 
accessibility of data 

As already argued on multiple occasions in this 
report, INSPIRE has proven to be a particularly 
useful framework for improving the discoverabil-
ity of existing data through the compilation and 
exposure of metadata, as well as the accessibil-
ity through the implementation of download ser-
vices. These initiatives should be continued and 
further streamlined through a transparent, well 
documented monitoring process, and generic open 
source software tools.

Ensure neutrality and embrace well-adopt-
ed standards and technologies

The thematic scope of INSPIRE is by definition 
very broad, and it has therefore been difficult to 
narrow down the technological options. Clearly, 
making data available that complies with certain 
requirements but is difficult to use through main-
stream tools is of little use. That is why, client 
support is a top priority for the technological 
stack of INSPIRE, for general purpose libraries 
such as the Geospatial Data Abstraction Library 
(GDAL)101 that are reused by multiple end user 
applications. A minimum baseline of functionali-
ty to at least visualise the spatial and non-spatial 
components of the data within web clients, and, 
in addition, allow their analysis and processing in 
desktop clients, should be ensured by the most 
broadly desired tools. During the years, we have 
observed a growing number of possible solutions 
that are backed up by technical guidelines. At the 
same time, with the rapid development of tech-
nologies, there are an increasing number of differ-
ent pathways for handling data. Considering all of 
this, it makes very little sense to restrict data 
to a vendor-specific or immature standard or 
technology. While such an approach would have 

101 https://gdal.org/

the benefit of ensuring high degree of interoper-
ability, it would only be fit for the needs of some 
users while limiting the opportunities for a broad-
er uptake of the data. In contrast, having a tech-
nological stack of more solutions would decrease 
interoperability, but would ensure a more inclusive 
approach. In terms of data encoding, multiple dis-
tributions of the same dataset, or data exposure 
through multiple APIs are both feasible options. 
Adopting such an approach would increase the 
need to do mapping between different standards 
and further reinforce the role of mature ETL tools. 
It is important to also highlight that the adop-
tion of a given technology or standard should 
remain a community-driven exercise where all 
stakeholders play a prominent role in all stages of 
the process. Accordingly, a procedure to propose 
and endorse good practices (already described 
in Section 3.2.1) ensures the establishment of a 
community-driven approach for modernising the 
technological stack of INSPIRE.

Avoid custom extensions

It is essential that the technical solutions put for-
ward by INSPIRE are easy to implement and not 
only comply with the legal requirements, but also 
add value to the stack of technologies of data 
providers and are useful to the users of the in-
frastructure. From that perspective, as outlined 
in Section 4.4, custom extensions of existing 
standards and their implementations and/or of 
concrete tools and libraries are both difficult to 
implement and useful only to some particular 
use cases. Leveraging on out-of-the-box solutions 
and standards for both clients and servers should 
therefore be the default approach for all technical 
developments. Going beyond those might only be 
considered if critically important and after a scru-
tiny of stakeholders for the usefulness and imple-
mentability.

https://gdal.org/
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Embrace well-documented, standard-based 
APIs

APIs are the new norm for exchange of data 
through standard web requests. By applying the 
well-known interaction patterns of APIs to the 
exchange of spatial data, the power of spa-
tial data and spatial analysis will no longer be 
restricted to a relatively small group of spatial 
data specialists (that understand the specific in-
teraction patterns of the geospatial community) 
but will become available to all web and soft-
ware developers, regardless their level of geo-
spatial experience. Embracing well documented 
standard-based APIs enhances the Developer Ex-
perience (DX) and minimises the Time to First Suc-
cessful Call (TTFSC). This eliminates some of the 
most important thresholds for the application of 
spatial data by non-expert users.

The broad uptake of APIs for INSPIRE would also 
ensure that the artificial divide between discovery, 
view and download services can be overcome. En-
suring such an approach would require additional 
technical guidelines, as well as possibly an update 
of the corresponding INSPIRE legal framework. In 
addition, APIs can expose different distributions 
of the dataset alongside its metadata in ma-
chine-readable format. 

Optimise data for search engines

Making data findable/discoverable through search 
engines, which are nowadays the common start-
ing point for almost all web users, is an essential 
step in reaching out to a wider target audience 
(beyond the traditional expert users). By making 
spatial data indexable by search engines, dis-
covery of data is no longer limited to those who 
are aware of the existence of web-based cata-
logues. According to Best Practice 2 of the Spatial 
Data on the Web Best Practices (World Wide Web 
Consortium, 2017) this can be achieved by pub-
lishing an HTML webpage for a spatial dataset and 
each spatial thing that it describes and by ensur-
ing that these pages are crawlable. 

Leverage on the developments of federated 
European cloud infrastructures

The opportunities for exploiting the emerging 
trend of European technological sovereignty and 
the federated infrastructure provided by initiatives 
such as GAIA-X102 have to be further investigated, 
as they have the potential to not only provide a 
scalable environment, but also to provide out-of-
the-box technological enablers such as authenti-
cation mechanisms and certification. A first pilot 
to test the use of GAIA-X for INSPIRE-related pur-
poses is starting by the end of 2021.

Deprecate obsolete technologies and stand-
ards

While the good practice procedure (see Subsec-
tion 3.2.1), reinforced by the release plan and 
governance approach for the INSPIRE artefacts, 
provides the means for adoption of new promi-
nent approaches and standards, the way in which 
obsolete technologies are to be phased out is 
still to be developed. An approach might be elab-
orated that would be similar to the collaborative 
way in which good practices are adopted. It would 
be acting in the opposite direction and be used 
for agreeing how to remove technological options 
that are not needed any more.

102 https://gaia-x.eu

https://gaia-x.eu
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Conclusions

14 years have passed since the entry into force 
of the INSPIRE Directive, which has been the first 
worldwide effort trying to setup such an ambi-
tious, legally-driven SDI at a continental level. 
Despite the obvious issues and difficulties trig-
gered by the process, this is also the main reason 
why INSPIRE has been, and is still today, seen 
as a reference example by many countries and 
organisations all over the world that intend to 
establish SDIs from the local to the national and 
international level. During these 14 years, the con-
text around geospatial data sharing across Europe 
has radically changed, as a consequence of both 
a non-stop, disruptive technological innovation in 
standards and technical approaches, and a new 
European political framework. The new policies 
put data and data sharing at the centre of the 
digital transformation to address urgent societal 
and environmental challenges. All of this creates 
very favourable conditions for taking a close view 
on the INSPIRE development so far, for critically 
assessing achievements and failures, and, build-
ing on these, for defining a vision and the actions 
to achieve it. This way, the benefits for the future 
European data economy and society that INSPIRE 
can bring are maximised. This was in essence the 
overall objective of this report, which was written 
in parallel with the process of evaluation of the 
INSPIRE Directive (due by 1 January 2022). The 
evaluation will reveal if a revision of the Directive 
itself will be deemed necessary.

The key message of this report is that SDIs con-
ceived in the traditional sense, and INSPIRE is no 
exception, shall evolve from complex and highly 
specialised geospatial data frameworks, where 
legal obligations are enforced by strict techni-
cal specifications, to flexible, agile, sustainable 
and data-driven ecosystems lowering the entry 
point to maximise data sharing and consumption 

by communities as diverse as possible. We live in 
an era where more and more data coming from 
an increasingly huge number of sources become 
available on a real-time basis, thus not only mak-
ing ‘spatial’ data not ‘special’ anymore, but also 
challenging the traditional role of the public sec-
tor as the main actor in data production, manage-
ment and sharing. This shows how much we need 
INSPIRE to blend in with a larger European data 
space enabling everyone to seamlessly discover, 
access and use data for whatever final purpose, 
being it a research study, a policy intervention or 
a business application in any geospatially-related 
domain. 

To achieve this challenging goal, the report has 
demonstrated the need for a simplification and 
a modernisation of the INSPIRE technologi-
cal framework. Keeping in mind that technolo-
gy evolves, and will continue to evolve, at a very 
fast pace, concrete actions should ideally be taken 
not only at the purely technical level, by e.g. wel-
coming new standards and approaches for data 
encoding and sharing, but also at the legal and 
organisational (governance) levels. No interven-
tion at any single level would suffice if planned 
in isolation from the others. Although a huge and 
continuous process is needed to achieve this vi-
sion, such a process is luckily not starting from 
scratch. First, what INSPIRE has achieved so far 
– from its collection of available data to its ma-
ture software components and vibrant community 
– represents a key ingredient to ‘cook’ its future 
development. Second, the recently established IN-
SPIRE Maintenance and Implementation Work Pro-
gramme (MIWP) 2021-2024 has already defined 
concrete actions for the next years – built on the 
lessons learnt from the past – to make INSPIRE 
evolve into a sustainable data ecosystem for 
the environment to closely support the European 
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Commission priorities around the green and dig-
ital transformation, and more specifically for the 
forthcoming European data spaces.

To conclude the report by complementing the 
whole information provided so far, we offer our 
initial proposal for a concrete INSPIRE reference 
architecture to be adopted in the years to come. 
Such an architecture does not have the ambi-
tion to be encompassing all possible technical 
details, since we are aware that the emergence 
of the next technological trends would quick-
ly make the details obsolete. On the contrary, it 
attempts to condense at a high level the various 
aspects covered in this report and illustrate the 
interplay between different interconnected actors 
within an increasingly rich ecosystem of technol-
ogies and approaches. Ultimately it is expected 
to trigger a debate with the community on what 
future technological evolution INSPIRE shall un-
dertake. In Figure 23, we deliberately represent 
this hypothetical architecture next to the original 
INSPIRE architecture, already shown in Figure 4 
and also explained by Cetl et al. (2019). The new 
architecture captures most of the technological 
trends covered in Figure 6. The existence of inno-
vative data sources to complement public sector 
information will make it increasingly necessary to 
include a data validation layer. APIs will become 
the de facto interface for the majority of users 
to enter the INSPIRE data ecosystem, including 
accessing, analysing and processing data, with 
ultimate possible applications – favoured by the 
emergence of digital twins – addressing a range 
of domains much broader than the environmental 
one and a set of use cases with a geographical 
scope no longer limited to Europe. The whole eco-
system will be accessible in a cloud infrastructure, 
being in turn only a piece of a much larger Euro-
pean federated data infrastructure ensuring data 
openness, transparency and sovereignty. 

There is no doubt that the vision for the techno-
logical evolution of INSPIRE elaborated in this 
report is very ambitious. Due to the challenges 

of various nature (from the legal to the organi-
sational ones) is unlikely to become a reality in a 
short period of time, especially considering that 
the public sector does not typically evolve at a 
fast pace. It is therefore crucial that incentives are 
available to facilitate innovators, demonstrators 
and early adopters in the community to pave the 
way for the new data sharing approaches men-
tioned in this report (as well as those becoming 
available in the future). The good news is that – as 
shown by the text boxes available throughout the 
report – the vision can indeed be achieved as there 
is already a promising implementation evidence 
across many dimensions and geographical scales.
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Figure 23. Updated reference architecture of INSPIRE

Interoperability 
Target 

Specifications

�egistry 
Service

Other SDS

Service
Metadata

Dataset 
Metadata RegistersSpatial 

Dataset

Discovery 
Service

View
Service

Download
Service

Transformation
Service

Service Bus

Net�or� services Spacial Data Services

DataMetadata

GEOPORTALS AND APPLICATIONS

Interoperability 
Target 

Specifications

Distribution:
. JSON

. Binary, etc.

Citizen 
Science

Sensors & Actuators Private repositories

Spatio-temporal data

Sustainable
Development 

Goals

Data 
preservation

Digital 
Governmente-Reporting Others

SDI as a service

Application Programming Interfaces (API)

Data validation

VALUE-ADDED APPLICATIONS

Federated cloud infrastructure

1. Public Sector 
data and metadata 2. IoT 3. Private data 4. Citizen 

data

View & 
Download Streaming

Usage 
analytics

Processing

API Documentation



84 INSPIRE   A Public Sector Contribution to the European Green Deal Data Space

References

Anderson, J., Sarkar, D. and Palen, L., ‘Corporate 
editors in the evolving landscape of OpenStreetM-
ap’, ISPRS International Journal of Geo-Informa-
tion, Vol. 8, No 232, 2019, pp. 1–18, doi:10.3390/
ijgi8050232.

Bai, Y., Jacobs, C.A., Kwan, M.P. and Waldmann, 
C., ‘Geoscience and the Technological Revolu-
tion [Perspectives]’. IEEE Geoscience and Remote 
Sensing Magazine, Vol. 5, No 3, 2017, pp. 72–75, 
doi:10.1109/MGRS.2016.2635018.

Cetl, V., de Lima, V.N., Tomas, R., Lutz, M., D’Eu-
genio, J., Nagy, A. and Robbrecht, J., Summary Re-
port on Status of implementation of the INSPIRE 
Directive in EU, EUR 28930 EN, Publications Of-
fice of the European Union, Luxembourg, 2017, 
doi:10.2760/143502.

Cetl, V., Tomas, R., Kotsev, A., de Lima, V.N., 
Smith, R.S. and Jobst, M. ‘Establishing common 
ground through INSPIRE: the legally-driven Euro-
pean Spatial Data Infrastructure’. In: Service-Ori-
ented Mapping, Springer, Berlin, 2019, pp. 63–84, 
doi:10.1007/978-3-319-72434-8_3.

Coetzee, S., Gould, M., Mohamed-Ghouse, Z.S., 
Scott, G., Kmoch, A., Alameh, N., Strobl, J., Wytzisk, 
A. and Devarajan, T., Towards a sustainable geo-
spatial ecosystem beyond SDIs, in press.

Craglia, M., Scholten, H.J., Micheli, M., Hradec, 
J., Calzada, I., Luitjens, S., Ponti, M. and Boter, J., 
Digitranscope: The governance of digitally-trans-
formed society, EUR 30590 EN, Publications Of-
fice of the European Union, Luxembourg, 2021, 
doi:10.2760/503546.

European Commission, Commission Regulation 
(EC) No 976/2009 of 19 October 2009 imple-
menting Directive 2007/2/EC of the European Par-
liament and of the Council as regards the Network 

Services, Official Journal of the European Union, L 
274, 2009, pp. 9–18   (https://eur-lex.europa.eu/
eli/reg/2009/976) (accessed 10 August 2021).

European Commission, Communication from 
the Commission to the European Parliament, the 
Council, the European Economic and Social Com-
mittee and the Committee of the Regions, Europe-
an Interoperability Framework – Implementation 
Strategy, COM (2017) 134 final, 2017, pp. 1–9 
(https://eur-lex.europa.eu/resource.html?uri=-
cellar:2c2f2554-0faf-11e7-8a35-01aa75e-
d71a1.0017.02/DOC_1&format=PDF) (accessed 
13 August 2021).

European Commission, Communication from 
the Commission to the European Parliament, the 
European Council, the Council, the European Eco-
nomic and Social Committee and the Committee 
of the Regions, Coordinated Plan on Artificial In-
telligence, COM (2018) 795 final, 2018a, pp. 1–9 
(https://ec.europa.eu/newsroom/dae/document.
cfm?doc_id=56018) (accessed 12 August 2021).

European Commission, Turning FAIR into reality: 
Final Report and Action Plan from the European 
Commission Expert Group on FAIR Data, KI-06-18-
206-EN-N, Publications Office of the European Un-
ion, Luxembourg, 2018b, doi:10.2777/1524.

European Commission, Communication from the 
Commission to the European Parliament, the Euro-
pean Council, the Council, the European Economic 
and Social Committee and the Committee of the 
Regions, The European Green Deal, COM (2019) 
640 final, 2019a, pp. 1–24 (https://eur-lex.europa.
eu/legal-content/EN/TXT/?uri=COM:2019:640:-
FIN) (accessed 9 August 2021).

European Commission, Commission Implement-
ing Decision (EU) 2019/1372 of 19 August 2019 
implementing Directive 2007/2/EC of the Euro-

https://eur-lex.europa.eu/eli/reg/2009/976
https://eur-lex.europa.eu/eli/reg/2009/976
https://eur-lex.europa.eu/resource.html?uri=cellar:2c2f2554-0faf-11e7-8a35-01aa75ed71a1.0017.02/DOC_
https://eur-lex.europa.eu/resource.html?uri=cellar:2c2f2554-0faf-11e7-8a35-01aa75ed71a1.0017.02/DOC_
https://eur-lex.europa.eu/resource.html?uri=cellar:2c2f2554-0faf-11e7-8a35-01aa75ed71a1.0017.02/DOC_
https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=56018
https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=56018
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2019:640:FIN
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2019:640:FIN
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2019:640:FIN


85REFERENCES

pean Parliament and of the Council as regards 
monitoring and reporting, Official Journal of the 
European Union, L 220, 2019b, pp. 1–5 (https://
eur-lex.europa.eu/eli/dec_impl/2019/1372/oj) 
(accessed 10 August 2021).

European Commission, Communication from the 
Commission to the European Parliament, the Coun-
cil, the European Economic and Social Committee 
and the Committee of the Regions, A European 
Strategy for Data, COM (2020) 66 final, 2020a, 
pp. 1–34 (https://eur-lex.europa.eu/legal-con-
tent/EN/TXT/?qid=1593073685620&uri=CELEX-
%3A52020DC0066) (accessed 9 August 2021).

European Commission, Shaping Europe’s Digi-
tal Future, KK-03-20-102-EN-N, Publications Of-
fice of the European Union, Luxembourg, 2020b 
(https://ec.europa.eu/info/sites/default/files/
communication-shaping-europes-digital-fu-
ture-feb2020_en_4.pdf) (accessed 12 August 
2021).

European Commission, White Paper on Artifi-
cial Intelligence – A European approach to excel-
lence and trust,COM (2020) 65 final, 2020c, pp. 
1–26 (https://ec.europa.eu/info/sites/default/
files/commission-white-paper-artificial-intel-
ligence-feb2020_en.pdf) (accessed 12 August 
2021).

European Commission, Proposal for a Regula-
tion of the European Parliament and of the Council 
on European data governance (Data Governance 
Act), COM (2020) 767 final, 2020/0340 (COD), 
2020d, pp. 1–42 (https://eur-lex.europa.eu/le-
gal-content/EN/TXT/?uri=CELEX:52020PC0767) 
(accessed 12 August 2021).

European Commission, Best Practices in Citizen 
Science for Environmental Monitoring, Commis-
sion Staff Working Document, SWD (2020) 149 

final, 2020e, pp. 1–75 (https://ec.europa.eu/envi-
ronment/legal/reporting/pdf/best_practices_cit-
izen_science_environmental_monitoring.pdf) 
(accessed 18 March 2021).

European Commission, Communication to 
the Commission, Open Source Software Strat-
egy 2020-2023 – Think Open, C(2020) 7149 fi-
nal, 2020f, pp. 1–13 (https://ec.europa.eu/info/
sites/default/files/en_ec_open_source_strate-
gy_2020-2023.pdf) (accessed 13 August 2021).

European Commission, Communication from 
the Commission to the European Parliament, the 
Council, the European Economic and Social Com-
mittee and the Committee of the Regions, Updat-
ing the 2020 New Industrial Strategy: Building a 
stronger Single Market for Europe’s recovery, COM 
(2021) 350 final, 2021a, pp. 1–21 (https://ec.eu-
ropa.eu/info/sites/default/files/communica-
tion-industrial-strategy-update-2020_en.pdf) 
(accessed 12 August 2021).

European Commission, Communication from 
the Commission to the European Parliament, the 
Council, the European Economic and Social Com-
mittee and the Committee of the Regions, Forging 
a climate-resilient Europe - the new EU Strategy 
on Adaptation to Climate Change, COM (2021) 82 
final, 2021b, pp. 1–22 (https://eur-lex.europa.eu/
legal-content/EN/TXT/?uri=COM:2021:82:FIN) 
(accessed 13 August 2021).

European Union, Directive 2003/98/EC of the 
European Parliament and of the Council of 17 No-
vember 2003 on the re-use of public sector in-
formation, Official Journal of the European Union, 
L 345, 2003a, pp. 90–96 (https://eur-lex.europa.
eu/eli/dir/2003/98/oj) (accessed 9 August 2021).

European Union, Directive 2003/4/EC of the Eu-
ropean Parliament and of the Council of 28 January 

https://eur-lex.europa.eu/eli/dec_impl/2019/1372/oj
https://eur-lex.europa.eu/eli/dec_impl/2019/1372/oj
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1593073685620&uri=CELEX%3A52020DC0066
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1593073685620&uri=CELEX%3A52020DC0066
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1593073685620&uri=CELEX%3A52020DC0066
https://ec.europa.eu/info/sites/default/files/communication-shaping-europes-digital-future-feb2020_en_4.pdf
https://ec.europa.eu/info/sites/default/files/communication-shaping-europes-digital-future-feb2020_en_4.pdf
https://ec.europa.eu/info/sites/default/files/communication-shaping-europes-digital-future-feb2020_en_4.pdf
https://ec.europa.eu/info/sites/default/files/commission-white-paper-artificial-intelligence-feb2020
https://ec.europa.eu/info/sites/default/files/commission-white-paper-artificial-intelligence-feb2020
https://ec.europa.eu/info/sites/default/files/commission-white-paper-artificial-intelligence-feb2020
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020PC0767
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020PC0767
https://ec.europa.eu/environment/legal/reporting/pdf/best_practices_citizen_science_environmental_monitoring.pdf
https://ec.europa.eu/environment/legal/reporting/pdf/best_practices_citizen_science_environmental_monitoring.pdf
https://ec.europa.eu/environment/legal/reporting/pdf/best_practices_citizen_science_environmental_monitoring.pdf
https://ec.europa.eu/info/sites/default/files/en_ec_open_source_strategy_2020-2023.pdf
https://ec.europa.eu/info/sites/default/files/en_ec_open_source_strategy_2020-2023.pdf
https://ec.europa.eu/info/sites/default/files/en_ec_open_source_strategy_2020-2023.pdf
https://ec.europa.eu/info/sites/default/files/communication-industrial-strategy-update-2020_en.pdf
https://ec.europa.eu/info/sites/default/files/communication-industrial-strategy-update-2020_en.pdf
https://ec.europa.eu/info/sites/default/files/communication-industrial-strategy-update-2020_en.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2021:82:FIN
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2021:82:FIN
https://eur-lex.europa.eu/eli/dir/2003/98/oj
https://eur-lex.europa.eu/eli/dir/2003/98/oj


86 INSPIRE   A Public Sector Contribution to the European Green Deal Data Space

2003 on public access to environmental informa-
tion and repealing Council Directive 90/313/EEC, 
Official Journal of the European Union, L 041, 
2003b, pp. 26–32 (https://eur-lex.europa.eu/eli/
dir/2003/4/oj) (accessed 9 August 2021).

European Union, Directive (EU) 2007/2/EC of 
the European Parliament and of the Council of 
14 March 2017 establishing an Infrastructure for 
Spatial Information in the European Community 
(INSPIRE), Official Journal of the European Union, 
L 108, 2007, pp. 1–14 (https://eur-lex.europa.eu/
eli/dir/2007/2/2019-06-26) (accessed 9 August 
2021).

European Union, Consolidated version of the 
Treaty on the functioning of the European Union, 
Official Journal of the European Union, C 326, 
2012, pp. 47–390 (http://data.europa.eu/eli/trea-
ty/tfeu_2012/oj) (accessed 13 August 2021).

European Union, Regulation (EU) 2016/679 of 
the European Parliament and of the Council of 27 
April 2016 on the protection of natural persons 
with regard to the processing of personal data and 
on the free movement of such data, and repealing 
Directive 95/46/EC (General Data Protection Reg-
ulation), Official Journal of the European Union, L 
119, 2016, pp. 1–88 (https://eur-lex.europa.eu/
eli/reg/2016/679/oj) (accessed 12 August 2021).

European Union, Directive (EU) 2019/1024 of 
the European Parliament and of the Council of 20 
June 2019 on open data and the re-use of public 
sector information, Official Journal of the Europe-
an Union, L 172, 2019, pp. 56–83 (https://eur-lex.
europa.eu/eli/dir/2019/1024/oj) (accessed 9 Au-
gust 2021).

Goodchild, M.F. ‘Citizens as sensors: the world of 
volunteered geography’. GeoJournal, Vol. 69, No. 
4, 2007, pp. 211–221, doi:10.1007/s10708-007-
9111-y.

Goodman, S.N., Fanelli, D. and Ioannidis, J.P., 
‘What does research reproducibility mean?’. Sci-
ence translational medicine, Vol. 8, No 341, 2016, 

pp. 1–6, doi:10.1126/scitranslmed.aaf5027.

Granell, C., Kamilaris, A., Kotsev, A., Ostermann, 
F.O. and Trilles, S., ‘Internet of things’. In: Manu-
al of Digital Earth, Springer, Singapore, 2020, pp. 
387–423, doi:10.1007/978-981-32-9915-3_11.

Iacus, S., Santamaria Serna, C., Sermi, F., Spyra-
tos, S., Tarchi, D. and Vespe, M., ‘Human mobility 
and COVID-19 initial dynamics’. Nonlinear Dy-
namics, Vol. 101, No 3, 2020, pp. 1901–1919, 
doi:10.1007/s11071-020-05854-6.

International Data Corporation, ‘Market Analysis 
Perspective: Worldwide Core and Edge Computing 
Platforms’, 2018 (https://www.idc.com/getdoc.
jsp?containerId=US44305818) (accessed 28 
February 2020).

International Organization for Standardization, 
ISO 19131:2007 Geographic information — Data 
product specifications, 2007 (https://www.iso.
org/standard/36760.html) (accessed 10 August 
2021).

Irwin, A., Citizen Science: A study of people, ex-
pertise and sustainable development, Routledge, 
London, 1995.

JRC INSPIRE Team, Description of Member 
States Metadata & Network services’ systems in 
operation, INSPIRE Geoportal Workshop, 2019a 
(https://europa.eu/!WhgU7b) (accessed 11 Au-
gust 2021).

JRC INSPIRE Team, Geoportal users perspective 
- demo of the possible issues when trying to find, 
view and use MS INSPIRE data, INSPIRE Geopor-
tal Workshop, 2019b (https://europa.eu/!RDFpdq) 
(accessed 15 September 2021).JRC INSPIRE Team, 
INSPIRE Monitoring and Reporting 2020: Process, 
results and way forward, 64th MIG-T meeting, 
2021 (https://europa.eu/!gb46QB) (accessed 8 
February 2021).

Keßler, C. and McKenzie, G., ‘A geoprivacy mani-
festo’. Transactions in GIS, Vol. 22, No 1, 2018, pp. 
3–19, doi:10.1111/tgis.12305.

https://eur-lex.europa.eu/eli/dir/2003/4/oj
https://eur-lex.europa.eu/eli/dir/2003/4/oj
https://eur-lex.europa.eu/eli/dir/2007/2/2019-06-26
https://eur-lex.europa.eu/eli/dir/2007/2/2019-06-26
http://data.europa.eu/eli/treaty/tfeu_2012/oj
http://data.europa.eu/eli/treaty/tfeu_2012/oj
https://eur-lex.europa.eu/eli/reg/2016/679/oj
https://eur-lex.europa.eu/eli/reg/2016/679/oj
https://eur-lex.europa.eu/eli/dir/2019/1024/oj
https://eur-lex.europa.eu/eli/dir/2019/1024/oj
https://www.idc.com/getdoc.jsp?containerId=US44305818
https://www.idc.com/getdoc.jsp?containerId=US44305818
https://www.iso.org/standard/36760.html
https://www.iso.org/standard/36760.html
https://europa.eu/!WhgU7b
https://europa.eu/!RDFpdq
https://europa.eu/!gb46QB


87REFERENCES

Kotsev, A., Minghini, M., Tomas, R., Cetl, V. and 
Lutz, M., ‘From Spatial Data Infrastructures to 
Data Spaces—A Technological Perspective on the 
Evolution of European SDIs’. ISPRS Internation-
al Journal of Geo-Information, Vol. 9(3), No 176, 
2020, pp. 1–19, doi:10.3390/ijgi9030176.

Martin, S., Gautier, P., Turki, S. and Kotsev, A., 
Establishment of Sustainable Data Ecosystems: 
Recommendations for the evolution of spatial 
data infrastructures, EUR 30626 EN, Publications 
Office of the European Union, Luxembourg, 2021, 
doi:10.2760/04462.

Minghini, M., Cetl, V., Ziemba, L., Tomas, R., Fran-
cioli, D., Artasensi, D., Epure, E. and Vinci, F., Estab-
lishing a new baseline for monitoring the status 
of EU Spatial Data Infrastructure, EUR 30513 EN, 
Publications Office of the European Union, Luxem-
bourg, 2020, doi:10.2760/296219.

Minghini, M., Kotsev, A. and Lutz, M., ‘Comparing 
INSPIRE and OpenStreetMap data: how to make 
the most out of the two worlds’. The International 
Archives of the Photogrammetry, Remote Sensing 
and Spatial Information Sciences, Vol. XLII-4, No 
W14, 2019, pp. 167–174, doi:10.5194/isprs-ar-
chives-XLII-4-W14-167-20.

Mooney, P. and Minghini, M., ‘A Review of Open-
StreetMap Data’. In: Mapping and the Citizen Sen-
sor, Ubiquity Press, London, 2017, pp. 37–59, 
doi:10.5334/bbf.c.

Nativi, S., Mazzetti, P. and Craglia, M., ‘Digital 
Ecosystems for Developing Digital Twins of the 
Earth: The Destination Earth Case’. Remote Sens-
ing, Vol. 13(11), No 2119, pp. 1–25, doi:10.3390/
rs13112119.

Nex, F. and Remondino, F., ‘UAV for 3D mapping 
applications: a review’, Applied geomatics, Vol. 6, 
No 1, 2014, pp. 1–15, doi:10.1007/s12518-013-
0120-x.

Nüst, D., Ostermann, F., Sileryte, R., Hofer, B., 
Granell, C., Teperek, M., Graser, A., Broman, K. and 

Hettne, K. Reproducible Publications at AGILE Con-
ferences, 2019. doi:10.17605/OSF.IO/PHMCE. 

Open Geospatial Consortium, OpenGIS® Web 
Map Server Implementation Specification, Version 
1.3.0, OGC® 06-042, 2006 (https://portal.ogc.org/
files/?artifact_id=14416) (accessed 10 August 
2021)

Open Geospatial Consortium, OpenGIS® Cata-
logue Services Specification, Version 2.0.2, OGC 
07-006r1, 2007 (https://portal.ogc.org/files/?ar-
tifact_id=20555) (accessed 10 August 2021)

Open Geospatial Consortium, OpenGIS® Web 
Map Tile Service Implementation Standard, Ver-
sion 1.0.0, OGC 07-057r7, 2010 (https://portal.
ogc.org/files/?artifact_id=35326) (accessed 10 
August 2021)

Open Geospatial Consortium, OGC® Sensor 
Observation Service Interface Standard, Version 
2.0, OGC 12-006, 2012 (https://portal.ogc.org/
files/?artifact_id=47599) (accessed 10 August 
2021)

Open Geospatial Consortium, OGC® Web Fea-
ture Service 2.0 Interface Standard – With Cor-
rigendum, Version 2.0.2, OGC 09-025r2, 2014 
(http://docs.opengeospatial.org/is/09-025r2/09-
025r2.html) (accessed 10 August 2021)

Open Geospatial Consortium, OGC Web Cover-
age Service (WCS) 2.1 Interface Standard – Core. 
Version 2.1, OGC 17-089r1, 2018 (http://docs.
opengeospatial.org/is/17-089r1/17-089r1.
html) (accessed 10 August 2021)

Ramm, F., Topf, J. and Chilton, S., OpenStreetM-
ap: using and enhancing the free map of the world, 
UIT Cambridge, Cambridge, 2010.

Rieke, M., Bigagli, L., Herle, S., Jirka, S., Kotsev, 
A., Liebig, T., Malewski, C., Paschke, T. and Stasch, 
C., ‘Geospatial IoT—The need for event-driven 
architectures in contemporary spatial data in-
frastructures’. ISPRS International Journal of 

https://www.mdpi.com/2072-4292/13/11/2119
https://www.mdpi.com/2072-4292/13/11/2119
https://portal.ogc.org/files/?artifact_id=14416
https://portal.ogc.org/files/?artifact_id=14416
https://portal.ogc.org/files/?artifact_id=20555
https://portal.ogc.org/files/?artifact_id=20555
https://portal.ogc.org/files/?artifact_id=35326
https://portal.ogc.org/files/?artifact_id=35326
https://portal.ogc.org/files/?artifact_id=47599
https://portal.ogc.org/files/?artifact_id=47599
http://docs.opengeospatial.org/is/09-025r2/09-025r2.html
http://docs.opengeospatial.org/is/09-025r2/09-025r2.html
http://docs.opengeospatial.org/is/17-089r1/17-089r1.html
http://docs.opengeospatial.org/is/17-089r1/17-089r1.html
http://docs.opengeospatial.org/is/17-089r1/17-089r1.html


88 INSPIRE   A Public Sector Contribution to the European Green Deal Data Space

Geo-Information, Vol. 7(10), No 385, 2018, pp. 
1–29, doi:10.3390/ijgi7100385.

Sarretta, A. and Minghini, M., ‘Towards the in-
tegration of authoritative and OpenStreetMap 
geospatial datasets in support of the Europe-
an Strategy for Data’. The International Archives 
of the Photogrammetry, Remote Sensing and 
Spatial Information Sciences, Vol. XLVI-4, No 
W2-2021, 2021, pp. 159–166. doi:10.5194/is-
prs-archives-XLVI-4-W2-2021-159-2021.

Schade, S., Kotsev, A., Cardoso, A.C., Tsiamis, K., 
Gervasini, E., Spinelli, F., Mitton, I. and Sgnaolin, 
R., ‘Aliens in Europe. An open approach to involve 
more people in invasive species detection’. Com-
puters, Environment and Urban Systems, Vol. 78, 
No 101384, 2019, pp. 1–14. doi:10.1016/j.com-
penvurbsys.2019.101384.

See, L., Mooney, P., Foody, G., Bastin, L., Comber, 
A., Estima, J., Fritz, S., Kerle, N., Jiang, B., Laakso, 
M., Liu, H.-Y., Milcinski, G., Nikšic, M., Painho, M., 
Podör, A., Olteanu-Raimond, A.-M. and Rutzinger, 
M., ‘Crowdsourcing, citizen science or volunteered 
geographic information? The current state of 
crowdsourced geographic information’. ISPRS In-
ternational Journal of Geo-Information, Vol. 5, No 
55, 2016, pp. 1–23, doi:10.3390/ijgi505005.

Senaratne, H., Mobasheri, A., Ali, A.L., Capineri, 
C. and Haklay, M., ‘A review of volunteered geo-
graphic information quality assessment methods’. 
International Journal of Geographical Information 
Science, Vol. 31, No 1, 2017, pp. 139–167, doi:10.
1080/13658816.2016.1189556.

Swan, M., ‘Sensor mania! the Internet of Things, 
wearable computing, objective metrics, and the 
quantified self 2.0’. Journal of Sensor and Actu-
ator networks, Vol. 1, No 3, 2012, pp. 217–253, 
doi:10.3390/jsan1030217.

Sweeting, M.N., ‘Modern small satellites-chang-
ing the economics of space’. Proceedings of 
the IEEE, Vol. 106, No 3, 2018, pp. 343–361, 
doi:10.1109/JPROC.2018.2806218.

The Internet Society, The Atom Syndication For-
mat, 2005 (https://validator.w3.org/feed/docs/
rfc4287.html) (accessed 10 August 2021)

Tóth, K., Portele, C., Illert, A., Lutz, M. and de 
Lima, V.N., A Conceptual Model for Developing 
Interoperability Specifications in Spatial Data In-
frastructures, EUR 25280 EN, Publications Of-
fice of the European Union, Luxembourg, 2012, 
doi:10.2788/21003.

United Nations, Resolution adopted by the Gen-
eral Assembly on 25 September 2015: Transform-
ing our world: the 2030 Agenda for Sustainable 
Development, A/RES/70/1, United Nations Gen-
eral Assembly, 2015, pp. 1–35 (https://www.
un.org/ga/search/view_doc.asp?symbol=A/
RES/70/1&Lang=E) (accessed 9 August 2021).

Vaccari, L., Posada, M., Boyd, M. and Santoro, M., 
‘APIs for EU Governments: A Landscape Analysis 
on Policy Instruments, Standards, Strategies and 
Best Practices’. Data, Vol. 6(6), No 59, 2021. pp. 
1–20, doi:10.3390/data6060059.

Wilkinson, M.D., Dumontier, M., Aalbersberg, 
I.J., Appleton, G., Axton, M., Baak, A., Blomberg, N., 
Boiten, J.W., da Silva Santos, L.B., Bourne, P.E., et 
al., ‘The FAIR Guiding Principles for scientific data 
management and stewardship’. Scientific Data, 
Vol. 3, No 160018, 2016, 3, pp. 1–9, doi:10.1038/
sdata.2016.18.

World Wide Web Consortium, Spatial Data 
on the Web Best Practices, 2017 (https://www.
w3.org/TR/sdw-bp/#indexable-by-search-en-
gines) (accessed 16 August 2021).

https://validator.w3.org/feed/docs/rfc4287.html
https://validator.w3.org/feed/docs/rfc4287.html
https://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E
https://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E
https://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E
https://www.w3.org/TR/sdw-bp/#indexable-by-search-engines
https://www.w3.org/TR/sdw-bp/#indexable-by-search-engines
https://www.w3.org/TR/sdw-bp/#indexable-by-search-engines


89LIST OF ABBREVIATIONS AND DEFINITIONS

List of abbreviations 
and definitions

AGILE Association of Geographic Information Laboratories in 
Europe

AI Artificial Intelligence

API Application Programming Interface

ATOM Atom Syndication Format

ATS Abstract Test Suite

CAP Common Agricultural Policy

COG Cloud Optimized GeoTIFF

CSP Common Services Platform

CSV Comma-Separated Values

CSW Catalogue Service for the Web

DCAT-AP DCAT application profile for European data portals

DG Directorate-General

DG AGRI Directorate-General for Agriculture and Rural 
Development

DG ENV Directorate-General for Environment

DG ESTAT Directorate-General for European statistics

DX Developer Experience

ECMWF European Centre for Medium-Range Weather 
Forecasts

EEA European Environment Agency

EFTA European Free Trade Association

EIF European Interoperability Framework

ELISE European Location Interoperability Solutions for 
e-Government

ESA European Space Agency



90 INSPIRE   A Public Sector Contribution to the European Green Deal Data Space

EUMETSAT European Organisation for the Exploitation of 
Meteorological Satellites

ETS Executable Test Suite

EU European Union

EUPL European Union Public License

EIF European Interoperability Framework

FAIR Findability, Accessibility, Interoperability, Reusability

FROST Fraunhofer Open Source SensorThings Server

GDAL Geospatial Data Abstraction Library

GDPR General Data Protection Regulation

GIS Geographic Information Systems

GML Geography Markup Language

HTML HyperText Markup Language

HTTP Hypertext Transfer Protocol

IACS Integrated Administration and Control System

IKB INSPIRE Knowledge Base

INSPIRE Infrastructure for Spatial Information in the European 
Community

INSPIRE CT INSPIRE Coordination Team

IoT Internet of Things

ISA2 Interoperability solutions for public administrations, 
businesses and citizens

ISO International Organization for Standardization

IT Information Technology

JSON JavaScript Object Notation

JSON-LD JavaScript Object Notation for Linked Data

MIF Maintenance and Implementation Framework

MIG Maintenance and Implementation Group



91LIST OF ABBREVIATIONS AND DEFINITIONS

MIM Minimal Interoperability Mechanism

MIWP Maintenance and Implementation Work Programme

MQTT Message Queue Telemetry Transport

OASC Open and Agile Smart Cities

ODbL Open Database License

OGC Open Geospatial Consortium

OSGeo Open Source Geospatial Foundation

OSM OpenStreetMap

RDF Resource Description Framework

SDG Sustainable Development Goal

SDI Spatial Data Infrastructure

SDMX Statistical Data and Metadata Exchange

SOA Service-Oriented Architecture

SOS Sensor Observation Service

STAC SpatioTemporal Asset Catalogs

TG Technical Guidance

TTFSC Time to First Successful Call

UAV unmanned aerial vehicles

VGI Volunteered Geographic Information

WCS Web Coverage Service

WFS Web Feature Service

WMS Web Map Service

WMTS Web Map Tile Service

XML Extensible Markup Language



92 INSPIRE   A Public Sector Contribution to the European Green Deal Data Space

List of figures

List of boxes

Figure 1. Relationship between the INSPIRE Implementing Rules and 
Technical Guidance documents ..................................................................................22

Figure 2. INSPIRE themes, organised in three Annexes..................................22

Figure 3. Pillars of data interoperability in INSPIRE ........................................23

Figure 4. Distributed Service-Oriented Architecture of INSPIRE ................25

Figure 5. INSPIRE implementation roadmap .......................................................25

Figure 6. Landing page of the INSPIRE Geoportal ............................................27

Figure 7. INSPIRE Geoportal Thematic Data viewer displaying datasets 
availability for all EU Member States and EFTA countries as of October 
2021 .......................................................................................................................................27

Figure 8. Landing page of the INSPIRE Reference Validator ........................28

Figure 9. Landing page of the INSPIRE Registry ................................................29

Figure 10. Spider graph representing the mean values of indicators 
MDi1.1, MDi1.2, NSi2, DSi2 and NSi4.......................................................................33

Figure 11. Overview of frequently used software tools for the provision 
(left) and the consumption (right) of INSPIRE data ...........................................36

Figure 12. Key role of standardisation in the INSPIRE framework ...........39

Figure 13. Attendees of the INSPIRE Helsinki 2019 conference ................41

Figure 14. Years, locations and mottos of the INSPIRE conferences from 
2007 to 2020 .....................................................................................................................43

Box 1 .......................................................................................................................................24

Box 2 .......................................................................................................................................32

Box 3 .......................................................................................................................................37

Box 4 .......................................................................................................................................41

Box 5 .......................................................................................................................................48

Box 6 .......................................................................................................................................67

Box 7 .......................................................................................................................................72



93LIST OF BOXES AND FIGURES

Figure 15. Improved data availability in the INSPIRE infrastructure (2007-
2018) ......................................................................................................................................47

Figure 16. INSPIRE catalogues reused in the data.europa.eu portal .......47

Figure 17. INSPIRE implementation resulting in a parallel infrastructure 
(top) vs. ideal INSPIRE implementation building on the national infrastruc-
ture (bottom) (example with Cadastral Parcels data) .....................................49

Figure 18. Frequency and occurrence of INSPIRE-related topics on the 
OSGeo wiki page and related sub-pages. ..............................................................50

Figure 19. Instances of the Re3gistry software deployed in: the Nether-
lands (a), Austria (b), Finland (c), North Macedonia (d) ...................................53

Figure 20. High-level architecture of the envisioned common European 
data space ............................................................................................................................57

Figure 21. Legislative framework for the implementation of the European 
Strategy for Data  ............................................................................................................58

Figure 22. Data ecosystem actors, incentives and enablers  ......................77

Figure 23. Updated reference architecture of INSPIRE ..................................83





GETTING IN TOUCH WITH THE EU

IN PERSON

All over the European Union there are hundreds of Europe Direct information 
centres. You can find the address of the centre nearest you at: https://europa.
eu/european-union/contact_en

ON THE PHONE OR BY EMAIL

Europe Direct is a service that answers your questions about the European 
Union. You can contact this service:

• by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for 
these calls),

• at the following standard number: +32 22999696, or

• by electronic mail via: https://europa.eu/european-union/contact_en

FINDING INFORMATION ABOUT THE EU

ONLINE

Information about the European Union in all the official languages of the EU 
is available on the Europa website at: https://europa.eu/european-union/in-
dex_en

EU PUBLICATIONS

You can download or order free and priced EU publications from EU Bookshop 
at: https://publications.europa.eu/en/publications. Multiple copies of free 
publications may be obtained by contacting Europe Direct or your local infor-
mation centre (see https://europa.eu/european-union/contact_en).

https://europa.eu/european-union/contact_en
https://europa.eu/european-union/contact_en
https://europa.eu/european-union/contact_en
https://europa.eu/european-union/index_en
https://europa.eu/european-union/index_en
https://publications.europa.eu/en/publications
https://europa.eu/european-union/contact_en


JRC Mission
As the science and knowledge service 
of the European Commission, the Joint 
Research Centre’s mission is to support  
EU policies with independent evidence 
throughout the whole policy cycle.

@EU_ScienceHub

EU Science Hub - Joint Research Centre

EU Science, Research and Innovation

EU Science Hub 

EU Science Hub 
ec.europa.eu/jrc

The European Commission’s 
science and knowledge service 
Joint Research Centre

K
J-N

A-30
832-EN

-N

ISBN 978-92-76-41564-0 
doi:10.2760/8563

https://twitter.com/eu_sciencehub
https://www.facebook.com/EUScienceHub/
https://www.linkedin.com/showcase/european-commission-joint-research-centre/?originalSubdomain=it
https://www.youtube.com/user/JRCaudiovisuals
https://ec.europa.eu/jrc/en

	Abstract
	Foreword
	Acknowledgements
	Authors
	Executive summary
	Introduction
	A brief introduction to INSPIRE
	2.1 Legal and technical framework
	2.2 Central infrastructure components
	2.2.1 INSPIRE Geoportal
	2.2.2 INSPIRE Reference Validator
	2.2.3 INSPIRE Registry


	Implementation state of play
	3.1 Data availability
	3.2 Governance mechanisms
	3.2.1 Good practices

	3.3 Technological stack
	3.3.1 Software tools for data provision and consumption

	3.4 Standardisation
	3.5 Community

	Lessons learned
	4.1 Improved data discoverability and availability
	4.2 Parallel implementations
	4.3 Technological innovation
	4.4 Custom extensions are problematic
	4.5 Flexible governance approaches
	4.6 Impact of standardisation 

	Policy context
	5.1 European Strategy for Data
	5.1.1 The European Green Deal data space

	5.2 GreenData4All
	5.3 Open Data Directive and high-value datasets

	Technology trends
	6.1 New data sources
	6.1.1 Internet of Things
	6.1.2 Citizen-generated geospatial data
	6.1.3 Satellite data
	6.1.4 Open research data
	6.1.5 Private data

	6.2 From data collection to data connection (APIs)
	6.3 Novel architectures
	6.4 Agile standards
	6.5 Mature tools

	VISION
	7.1 Making the vision a reality
	7.1.1 Legal actions
	Avoid overspecification in legislation
	Use a simple licensing framework

	7.1.2 Organisational actions
	Embrace co-design by default
	Rethink the existing INSPIRE governance structures
	Adopt an ecosystem approach

	7.1.3 Technological actions
	Continue to improve the discoverability and accessibility of data 
	Ensure neutrality and embrace well-adopted standards and technologies
	Avoid custom extensions
	Embrace well-documented, standard-based APIs
	Optimise data for search engines
	Leverage on the developments of federated European cloud infrastructures
	Deprecate obsolete technologies and standards



	Conclusions
	References
	List of abbreviations and definitions
	List of boxes
	List of figures
	Figure 1. Relationship between the INSPIRE Implementing Rules and Technical Guidance documents
	Figure 2. INSPIRE themes, organised in three Annexes
	Figure 3. Pillars of data interoperability in INSPIRE
	Figure 4. Distributed Service-Oriented Architecture of INSPIRE
	Figure 5. INSPIRE implementation roadmap
	Figure 6. Landing page of the INSPIRE Geoportal
	Figure 7. INSPIRE Geoportal Thematic Data viewer displaying datasets availability for all EU Member States and EFTA countries as of October 2021
	Figure 8. Landing page of the INSPIRE Reference Validator
	Figure 9. Landing page of the INSPIRE Registry
	Figure 10. Spider graph representing the mean values of indicators MDi1.1, MDi1.2, NSi2, DSi2 and NSi4
	Figure 11. Overview of frequently used software tools for the provision (left) and the consumption (right) of INSPIRE data
	Figure 12. Key role of standardisation in the INSPIRE framework
	Figure 13. Attendees of the INSPIRE Helsinki 2019 conference
	Figure 14. Years, locations and mottos of the INSPIRE conferences from 2007 to 2020
	Figure 15. Improved data availability in the INSPIRE infrastructure (2007-2018)
	Figure 16. INSPIRE catalogues reused in the data.europa.eu portal
	Figure 17. INSPIRE implementation resulting in a parallel infrastructure (top) vs. ideal INSPIRE implementation building on the national infrastructure (bottom) (example with Cadastral Parcels data)
	Figure 18. Frequency and occurrence of INSPIRE-related topics on the OSGeo wiki page58 and related sub-pages.
	Figure 19. Instances of the Re3gistry software deployed in: the Netherlands (a), Austria (b), Finland (c), North Macedonia (d)
	Figure 20. High-level architecture of the envisioned common European data space
	Figure 21. Legislative framework for the implementation of the European Strategy for Data 
	Figure 22. Data ecosystem actors, incentives and enablers 
	Figure 23. Updated reference architecture of INSPIRE
	Box 1
	Box 2
	Box 3
	Box 4
	Box 5
	Box 6
	Box 7

