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Abstract 

A Geological Service for Europe provides users with tailored and transnational consistent information on subsurface 

resources, capacities and processes within their surrounding environment. Such information underpins the responsible 

management of subsurface space and its resources, which is often administered by different authorities. National and 

regional geological surveys have come together to develop much-needed innovations and improvements that will inte-

grate information and knowledge across different geological and geographical settings in Europe. This cooperative 

framework aims to meet societal challenges and protect valuable resources for future generations while ensuring that 

geoethical principles are honored. 
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1. BACKGROUND  

 

he Earth, along with energy from the 

Sun, is the source of all that is necessary 

to sustain life and  provide the raw  mate-

rials that support humankind, society and our 

way of life. When we consider what sustains 

life, we think of food, plants, animals and w a-

ter. When we consider what supports our life-

style, we consider our shelter (homes and 

clothing); sources of energy – including hydro-

carbons, nuclear, and renewables such as solar, 

wind and geothermal; raw materials for every-

day living; modern technologies including the 

manufacture of goods, devices and tools; 

transport (land, sea and air); and energy gener-

ation, transmission and storage. Altogether the 

subsurface is a vital elem ent for these commod-

ities, be it as provider of crucial resources (w a-

ter, energy, minerals), a reservoir for temp o-

rary buffering of resources, a sink for perm a-

nent storage of waste, a footing for surface and  

subsurface constructions and infrastructure in-

cluding tunnels and  build ings, or the found a-

tion for preserving clean environments and  

unique nature reserves.  

The UN forecasts that in 2050 the global pop u-

lation will reach 9.77bn from 7.6bn today (UN, 

2017). With increasing numbers of people 

comes increasing pressure for the secure su p-

ply of raw materials, water and energy to su p-

port the population. In 1983 the United  Nations 

established the Brundtland Commission to ex-

amine issues critical to the environment and 

development. The Commission focused  its at-

tention on the areas of popu lation, food secur i-

ty, the loss of species and genetic resources, en-

ergy, industry, and human settlements - realiz-

ing that all of these are connected  and cannot 

be treated  in isolation one from another. The 

final report was published  in 1987 and pro-

posed the concept of “sustainable develop-

ment” which was defined as: 

 

“Sustainable development is development that 

meets the needs of the present without compromis-

ing the ability of future generations to meet their 

own needs.” 

 

It has been widely adopted  around the world  

and led  the United  Nations to develop the 2030 

Agenda for Sustainable Development and its 17 

Sustainable Development Goals (SDG) (United  

Nations, 2015a and 2015b). In particular SDGs 

No. 6 (Clean water and  sanitation); 7 (Afford a-

ble and clean energy); 9 (Industry, innovation 

and infrastructure); 12 (Responsible consum p-

tion and  production), 13 (Climate action), 14 

(Life below water) and 15 (Life on land) apply 

to the issues under d iscussion in this paper – 

water, energy and  raw materials. Similarly, the 

European Union focused its efforts on a total of 

7 Societal Challenges (SCs) through the H2020 

research and innovation program. Aspects of 

these challenges are either d irectly (e.g. water, 

energy, raw  minerals) or indirectly (e.g. food, 

health, climate, environment and biodiversity) 

related  to the use or preservation of subsurface 

space and resources and the water-food -energy 

nexus (Bazilian et al., 2011). 

The far-reaching impact and influence of SCs 

and SDGs extend  beyond the national scale, 

and the need for transnational information and  

cooperation is illustrated  by the following ex-

amples: 

 

-  The markets for some minerals (in particu-

lar metals) and energy resources are in-

creasingly globalized . International d e-

pendencies with regards to their supply can 

strongly influence economies and societies 

at a national scale. Secure supply of re-

sources is an important factor in creating or 

maintaining such strong economies and al-

so in preserving political stability (An-

drews-Speed et al., 2017; EC, 2011). Trans-

national collaboration on management of 

resources is crucial in this context, consider-

ing the fact that most subsurface resources 

are determined by location-specific geologi-

cal conditions and therefore unequally d is-

tributed  by definition. 

-  Emission reduction and transition from fos-

sil fuel generation systems to renewable en-

ergy generation systems present us with a 

significant challenge to secure and balance 

fu ture energy supply strategies. This re-

quires international cooperation an d the 

successfu l management of d ifferent energy 

generation and storage solu tions including 

the exploration and safe extraction of var i-

ous types of subsu rface energy resources. 

T 
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-  The mitigation and reduction of human im-

pacts on climate change is a major societal 

challenge for Europe and many other coun-

tries across the globe (EC, 2014) as climate 

change will affect the entire planet. The pre-

dicted changes in climate and rise in sea level 

will have a profound impact on groundwater 

and surface water systems (Treidel et al., 

2012). The ability to adapt to these changes 

and the options to accommodate to impacts 

will vary from region to region. Yet our suc-

cess in protecting ecosystems, keeping areas 

habitable and securing the safety of citizens 

and supplies of clean drinking water (Hinsby 

et al., 2008), will depend on how we cooperate 

in developing joint solutions. It has been ar-

gued that the human impact on earth has se-

verely affected the environment and crossed 

planetary boundaries and thresholds e.g. bio-

geochemical flows of nitrogen and phospho-

rus in the Anthropocene (Steffen et al., 2007 

and 2015). 

 

The subsurface is an important part of the sys-

tems integration needed for global sustainabil-

ity in the fu ture (Liu  et al., 2015), and our selec-

tion of options must be based on (geo)ethical 

considerations (Martínez-Frías, et al., 2011; 

Peppoloni and Di Capua, 2017). 

 

2. A PARADIGM FOR A GEOLOGICAL 

SERVICE FOR EUROPE 

 

Geoscientists and  Geological Survey Organiza-

tions (GSOs) have a key responsibility to su p-

port the realization of SDGs and Societal Chal-

lenges with reliable and unbiased  subsurface 

information and advice. The continuous im-

provement, maintenance and public d issemina-

tion of this information and  advice, as well as 

the scientific tools and methods needed for 

such provisions, are together described in this 

paper as “geological services”. 

Geological services provide the information for 

evidence-based decision-making on issues with 

both short and long-term perspectives. Geosci-

entific information is critical to the provision of 

evidence to back whatever course of action is 

proposed for any specific situation. It is largely 

collected  and constructed  for public good by 

GSOs – either national or regional – throughout 

Europe. As geology is such a wide scientific 

endeavor, each GSO may focus on  a particular 

sub-discipline (ranging from geohazards to w a-

ter resources and the environment; from h y-

drocarbons to geothermal; and from constru c-

tion materials to metal raw materials) depen d-

ing on national priorities. As a result the state 

of knowledge in any one sub-discipline varies 

from one GSO to another. Information collect-

ed  by one GSO may be d ifferent from another 

and it is often not easy to integrate data and  

information across jurisd ictions. Geology, 

however, does not recognize the borders be-

tween countries – geological formations trans-

cend these boundaries and water and  other flu-

ids flow (freely) across the borders above and  

below ground. The fore-mentioned transna-

tional context of Societal Challenges and cont i-

nuity of geological features and resources 

across borders should  therefore be reflected  by 

the geological services as well. 

The key scientific challenge for GSOs and asso-

ciated  science institu tes is thus to overcome the 

fundamental d ifferences in the way geological 

services are established and  composed at na-

tional and regional level. These d ifferences ex-

ist for various reasons, e.g.: 

 

-  Different scope and level of subsurface ex-

ploration and exploitation resulting in con-

trasting data patterns and qualities.  

-  Different approaches, formats and  stand-

ards for mapping, modeling and analyzing 

subsurface data (e.g. 2D vs. 3D, definition of 

geological units, scale and accuracy).  

-  Different jurisd ictions may have regulations 

covering what data can or cannot be shared  

and used.  

 

In order to serve end-users effectively, the geo-

scientist must transform data and knowledge 

into solu tions that d irectly relate to the decision 

or alternatives under evaluation. For example: 

“Where can CO2 be safely stored  and in what 

quantities?”, “Should  a certain mineral deposit 

be considered  for development?”, or “What 

measures must be implemented  to mitigate and  

monitor impacts on a groundwater body?”   

Geological surveys provide such answers by 

measuring and modeling subsurface structure 

and properties in four d imensions, and using 
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resulting data and geo-models to assess the d is-

tribution and  exploitability of resources and 

capacities, as well as the possible effects in-

duced by subsurface activities. The integration 

of these outcomes in the multi-d imensional 

geo-model space helps the decision-makers to 

appreciate their spatial-temporal relationships 

and enables further appraisal of the viability 

and possible consequences of development 

scenarios. This approach is reflected  by the ge-

nerically applicable workflow principles in Fig. 

1.  

The key to establishing an effective and  su s-

tainable geological service at European level 

lies in a proper transnational harmonization of 

each step in this workflow , while respecting 

the unique and highly variable geological char-

acteristics and  societal aspects within individ u-

al regions. In the following sections the key sci-

entific challenges towards establishing this in a 

European context are briefly described for each 

of the main workflow  stages. As will be 

demonstrated  later in this paper, the idea to 

realize a European Geological Service is not 

merely driven by pragmatic reasons, although 

ample benefits are associated  with reaching 

across national and geological borders. At the 

hearth of this lies the realization that geoeth ical 

principles require an accepted  and durable Eu-

ropean structure for sharing of data, methods, 

expertise, views and even responsibilities. 

 

2.1 Geo-models and data 

 

Subsurface data and measurements are typical-

ly converted  into 2D, 3D or 4D geo-models rep-

resenting the spatial layout of geological units 

and structures, rock and flu id  properties, inter-

acting subsurface processes (van der Meulen et 

al., 2013) at various spatial and temporal scales. 

By extrapolating data and information into a 

higher d imensional space (e.g. 1D wells or drill 

holes into 2D cross-sections or 3D layer mod-

els) or converting information from one type 

into another (e.g. 3D seismic into 3D structure 

and properties), predictions can be made on 

Figure 1: Generic workflow underpinning the presented Geological Service for Europe. In this concept, subsurface 

management and resource assessments are linked to the consistent 3D geomodels from which they are derived. 
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whether certain geological cond itions are likely 

or possible at particular locations. Moving in-

formation into higher d imensions also makes it 

possible to assess various spatial and temporal 

relationships between d ifferent rock units and  

the dynamic processes within these units. The 

consistent correlation and linkage of measure-

ments within geologically modeled  units en a-

bles their analysis in an appropriate genetic 

context. The effectiveness of transnational su b-

surface management strongly relies on a con-

sistent collation and correlation of geo-model 

information across borders. This brings a major 

challenge with regards to how the variety of 

models and measurements from different re-

gions and geological settings can be merged or 

integrated . In addition to the geological aspects 

(e.g. stratigraphic definitions), this task also re-

quires solu tions in information management 

(e.g. dealing with d ifferent scales, geometries 

and model standards). 

 

2.2 Resources and utilization: Energy, 

Groundwater and Minerals 

 

Subsurface resources and capacities are either 

identified  d irectly from observations (e.g. in 

wells or d rill holes) or predicted  from a combi-

nation of indicative properties and favorable 

geological conditions represented  in the geo-

models. A harmonized  European overview of 

geological resources and potential subsurface 

uses will of course rely on the quality and con-

sistency of underpinning data (e.g. obtained  

from surface or airborne geophysics). The ap-

plication of comparable and uniform assess-

ment methodologies and  criteria is of equal 

importance, especially when the end results are 

used  in international resources and reserves 

classification schemes. Making sure that such 

methodologies are able to deal with the specif-

ics of individual regions (geological setting, 

available data, exploration level, etc.), and that 

the various geological uncertainties are proper-

ly accommodated  in the end results, are key 

scientific challenges in this respect. 

 

2.3 Effects, impacts and protection 

 

The consequences of subsurface development 

are in most cases restricted  to the specific loca-

tion where the activities take place, yet their 

manifestation often has a far-reaching influence 

on society. 

The evaluation and understanding of the su b-

surface processes and cond itions that lead  to 

induced hazards and environmental impacts 

presents significant scientific challenges. Rele-

vant on-site information may often be sparse 

and appropriate analogues d ifficult to find .  

Geological surveys can bring much-needed in-

novation to this field  of research by sharing ex-

periences, merging and integrating crucial data 

sets and jointly developing best practices and  

innovative methodologies. 

Transnational harmonized  2D/ 3D/ 4D geo-

models will greatly assist in a proper exchange 

and comparison of analogue systems and  

thereby enable new insights into causes, effects 

and trends. The same is true for the efficient 

development of innovative approaches that re-

ly on harmonized input data. 

It is this broad collaboration that will pave the 

way for improved national and EU guidance 

on the safe development of the subsurface and  

an improved and common understanding of 

the hazards and impacts, both within and be-

tween Member States. 

 

2.4 Subsurface management and decision 

support information 

 

The establishment of integrated  and coherent 

management of subsurface resources and uses 

in Europe is one of the important goals of a Eu-

ropean Geological Service.  

The steps outlined  above will facilitate deci-

sion-making that is underpinned by consistent 

and comparable data, information and  

knowledge. Subsurface management and deci-

sion support involves the development of 

common principles and strategies on how to 

transform and incorporate this data and infor-

mation into common subsurface decision and  

management protocols.  

Again, the 2D/ 3D/ 4D geological framework 

will be crucial for the appropriate evaluation 

and representation of spatial-temporal interac-

tions and dependencies, and  the anticipation of 

conflicts and synergies arising from develop-

ment scenarios of d ifferent resources by d iffer-

ent Member States. 
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3. INFORMATION STANDARDS AND 

DISSEMINATION: A FUNDAMENTAL 

PRE-REQUISITE FOR GEOLOGICAL 

SERVICES 

 

A proper European Geological Service can only 

function and be relevant if it can provide com-

plete, up-to-date and interoperable data and  

information on an on-going basis. The Europe-

an Union, as a party to the Aarhus Convention, 

recognizes the following rights in this context : 

 

1. Provide access to environmental infor-

mation; 

2.  Provide the public the right to participate in 

environmental decision making; and  

3.  Provide a mechanism to review procedures 

on decisions made with respect to the envi-

ronment, which have not respected  the two 

previous rights or environmental law  in 

general. 

 

To that end a common information platform 

must be developed  that shares and exchanges 

data and results between all countries and d is-

ciplines. Not only will the platform be im-

portant for the d issemination of information 

and results to end -users. It will also d rive the 

proper implementation of the measurement-to-

decision workflows by delivering the critical 

model architectures, functionalities, standards 

and metadata structures. Such structures and  

functionalities define the basis for add -on web-

services developed by third  parties or within 

Public-Private-Partnerships between the GSO’s 

and relevant stakeholders e.g. for the European 

Environment Agency. 

The European Union INSPIRE Directive (EC, 

2007) establishing an Infrastructure for Spatial 

Information in the European Community aims 

to facilitate the harmonization and standardiza-

tion of spatial data and make the data Findable, 

Accessible, Interoperable and Reusable accord-

ing to the “FAIR” principles (Wilkinson et al., 

2016). Geoscience data is one of the spatial data 

themes within the remit of INSPIRE. As such it 

requires the construction of a common term i-

nology. To this purpose GSOs, among others, 

have participated  in developing code-lists, e.g. 

for minerals within the Minerals4EU project. 

However, the development and  implementa-

tion of code-lists for other aspects is a task that 

should  be achieved by the envisioned Geologi-

cal Service for Europe. 

 

4. SOCIETAL CHALLENGES AND 

GEOLOGICAL SERVICES FOR THE 

SUSTAINABLE DEVELOPMENT: A 

GEOETHICAL IMPERATIVE 

 

The concept of geological services within the 

European context is intertw ined with the fu n-

damental principles of Geoethics. 

The definition of geoethics, as proposed  by the 

International Association for Promoting Geo-

ethics (http:/ / www.geoethics.org, accessed  15 

May 2018), is: 

 

“Geoethics consists of research and reflection on the 

values which underpin appropriate behaviors and 

practices, wherever human activities interact with 

the Earth system. Geoethics deals with the ethical, 

social and cultural implications of geoscience educa-

tion, research and practice, and with the social role 

and responsibility of geoscientists in conducting 

their activities.” 

 

The geoscience community needs to promote 

an ethical approach towards science and prac-

tice of research. This will be a core principal at 

the heart of delivering a Geological Service for 

Europe. The term “geoethics” is used  from ’90 

(Peppoloni and  Di Capua, 2015), and the grow-

ing awareness in the geological community for 

the need to take ethics into consideration in its 

work precedes the current definition (Wyss & 

Peppoloni, 2015). 

The “Cape Town Statement on Geoethics” (Di 

Capua et al., 2017) describes the fundamental 

values of geoethics: 

 

-  Ensuring sustainability of economic and so-

cial activities in order to assure fu ture gen-

erations’ supply of energy and other natural 

resources. 

-  Sharing knowledge at all levels as a valu a-

ble activity, which implies communicating 

science and results, while taking into ac-

count intrinsic limitations such as probabili-

ties and uncertainties. 

-  Verifying the sources of information and  

data, and applying objective, unbiased  
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peer-review processes to technical and sci-

entific publications. 

 

These statements provide clear references to 

the eminent position of geoethics as an under-

pinning principle for geoscientists and geosci-

entific information and knowledge to follow  

while addressing societal challenges and the 

SDGs. As such, geological services include ge-

oethics values as they are aimed at safeguard -

ing the exploration and safe development of 

natural resources and subsurface capacities 

based  on impartial and  scientifically validated  

information and knowledge, always having the 

interests of society as a core value. 

 

6. CONCLUDING REMARKS AND 

OUTLOOK 

 

International economic developments, resource 

dependencies, climate change impacts, energy 

transition, growing societal awareness, and the 

need for new technologies and advanced  un-

derstanding, are all important drivers for a un i-

form and interoperable European Geological 

Service. This service supports the collaborative 

management and protection of subsurface re-

sources and capacities and can only be relevant 

if it can continuously provide complete, up -to-

date, and harmonized  subsurface information. 

To that purpose the national and regional geo-

logical surveys of Europe are taking a major 

step by establishing the precursor of a Europ e-

an Geological Service through close collabora-

tion within the dedicated  cross-thematic 

ERANET for applied  geosciences (GeoERA, 

2017). Through this ERANET the many scien-

tific challenges that separate us from a tru ly 

harmonized approach, will be addressed . Geo-

logical and technical solu tions at d ifferent lev-

els of the workflow will be developed and test-

ed  for energy, groundwater and  minerals in 

various geological settings and regions of Eu-

rope. The results from this ERANET will be in-

corporated  and shared  through a common in-

formation platform (EGDI, 2016), which  will 

connect regional and national geological data-

bases in a single access point. The continued 

involvement of local and  international stake-

holders will assist the delivery of the Geologi-

cal Service so that it will become an effective 

instrument for national and European end -

users, and a reliable information source for the 

public. It is only through this European coop-

eration that the national and regional GSOs can 

continue to play their central role for society 

and economy, while guaranteeing that the geo-

ethical principles of sustainability, transparen-

cy, verification, and objectivity are fu lly re-

spected . 
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