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Foreword

How to read the document?

This document describes the "INSPIRE data specification on Geology D Technical Guidelines" version
3.0 as developed by the Thematic Working Group (TWG) Geology using both natural and a
conceptual schema language.

™ used for all data specifications, which has

The data specification is based on a common template
been harmonised using the experience from the development of the Annex I, Il and lll data

specifications.

This document provides guidelines for the implementation of the provisions laid down in the
Implementing Rule for spatial data sets and services of the INSPIRE Directive. It also includes
additional requirements and recommendations that, although not included in the Implementing
Rule, are relevant to guarantee or to increase data interoperability.

Two executive summaries provide a quick overview of the INSPIRE data specification process in
general, and the content of the data specification on Geology in particular. We highly recommend
that managers, decision makers, and all those new to the INSPIRE process and/or information
modelling should read these executive summaries first.

The UML diagrams (in Chapter 5) offer a rapid way to see the main elements of the specifications
and their relationships. The definition of the spatial object types, attributes, and relationships are
included in the Feature Catalogue (also in Chapter 5). People having thematic expertise but not
familiar with UML can fully understand the content of the data model focusing on the Feature
Catalogue. Users might also find the Feature Catalogue especially useful to check if it contains the
data necessary for the applications that they run. The technical details are expected to be of prime
interest to those organisations that are responsible for implementing INSPIRE within the field of
Geology, but also to other stakeholders and users of the spatial data infrastructure.

The technical provisions and the underlying concepts are often illustrated by examples. Smaller
examples are within the text of the specification, while longer explanatory examples and
descriptions of selected use cases are attached in the annexes.

In order to distinguish the INSPIRE spatial data themes from the spatial object types, the INSPIRE
spatial data themes are written in italics.

The document will be publicly available as a 'non-paper'. It does not represent an official position
of the European Commission, and as such cannot be invoked in the context of legal procedures.

Legal Notice

Neither the European Commission nor any person acting on behalf of the Commission is
responsible for the use which might be made of this publication.



Interoperability of Spatial Data Sets and
Services b General Executive Summary

The challenges regarding the lack of availability, quality, organisation, accessibility, and sharing of
spatial information are common to a large number of policies and activities and are experienced
across the various levels of public authority in Europe. In order to solve these problems it is
necessary to take measures of coordination between the users and providers of spatial information.
The Directive 2007/2/EC of the European Parliament and of the Council adopted on 14 March 2007
aims at establishing an Infrastructure for Spatial Information in the European Community
(INSPIRE) for environmental policies, or policies and activities that have an impact on the
environment.

INSPIRE is based on the infrastructures for spatial information that are created and maintained by
the Member States. To support the establishment of a European infrastructure, Implementing Rules
addressing the following components of the infrastructure have been specified: metadata,
interoperability of spatial data sets (as described in Annexes I, I, Ill of the Directive) and spatial
data services, network services, data and service sharing, and monitoring and reporting
procedures.

INSPIRE does not require collection of new data. However, after the period specified in the
Directive ) Member States have to make their data available according to the Implementing Rules.

Interoperability in INSPIRE means the possibility to combine spatial data and services from
different sources across the European Community in a consistent way without involving specific
efforts of humans or machines. It is important to note that “interoperability” is understood as
providing access to spatial data sets through network services, typically via Internet.
Interoperability may be achieved by either changing (harmonising) and storing existing data sets or
transforming them via services for publication in the INSPIRE infrastructure. It is expected that
users will spend less time and efforts on understanding and integrating data when they build their
applications based on data delivered in accordance with INSPIRE.

In order to benefit from the endeavours of international standardisation bodies and organisations
established under international law their standards and technical means have been utilised and
referenced, whenever possible.

To facilitate the implementation of INSPIRE, it is important that all stakeholders have the
opportunity to participate in specification and development. For this reason, the Commission has
put in place a consensus building process involving data users, and providers together with
representatives of industry, research and government. These stakeholders, organised through

Spatial Data Interest Communities (SDIC) and Legally Mandated Organisations (LMO) ® " have

provided reference materials, participated in the user requirement and technical “ surveys,
proposed experts for the Data Specification Drafting Team ', the Thematic Working Groups ' and
other ad-hoc cross-thematic technical groups and participated in the public stakeholder
consultations on draft versions of the data specifications. These consultations covered expert

reviews as well as feasibility and fitness-for-purpose testing of the data specifications .

This open and participatory approach was successfully used during the development of the data
specifications on Annex I, Il and Ill data themes as well as during the preparation of the



Implementing Rule on Interoperability of Spatial Data Sets and Services ® for Annex | spatial data
themes and of its amendment regarding the themes of Annex Il and IlI.

The development framework elaborated by the Data Specification Drafting Team aims at keeping

the data specifications of the different themes coherent. It summarises the methodology to be used

for the development of the data specifications, providing a coherent set of requirements and

recommendations to achieve interoperability. The pillars of the framework are the following

technical documents '

¥ The Definition of Annex Themes and Scope describes in greater detail the spatial data themes
defined in the Directive, and thus provides a sound starting point for the thematic aspects of the
data specification development.

¥ The Generic Conceptual Model defines the elements necessary for interoperability and data
harmonisation including cross-theme issues. It specifies requirements and recommendations
with regard to data specification elements of common use, like the spatial and temporal
schema, unique identifier management, object referencing, some common code lists, etc. Those
requirements of the Generic Conceptual Model that are directly implementable are included in
the Implementing Rule on Interoperability of Spatial Data Sets and Services.

¥ The Methodology for the Development of Data Specifications  defines a repeatable methodology. It
describes how to arrive from user requirements to a data specification through a number of
steps including use-case development, initial specification development and analysis of
analogies and gaps for further specification refinement.

¥ The Guidelines for the Encoding of Spatial Data defines how geographic information can be
encoded to enable transfer processes between the systems of the data providers in the Member
States. Even though it does not specify a mandatory encoding rule it sets GML (ISO 19136) as the
default encoding for INSPIRE.

¥ The Guidelines for the use of Observations & Measurements and Sensor Web Enablement-related
standards in INSPIRE Annex Il and Il data specification development  provides guidelines on how
the "Observations and Measurements" standard (ISO 19156) is to be used within INSPIRE.

¥ The Common data models are a set of documents that specify data models that are referenced by
a number of different data specifications. These documents include generic data models for
networks, coverages and activity complexes.

The structure of the data specifications is based on the "ISO 19131 Geographic information - Data
product specifications" standard. They include the technical documentation of the application
schema, the spatial object types with their properties, and other specifics of the spatial data themes
using natural language as well as a formal conceptual schema language ol

A consolidated model repository, feature concept dictionary, and glossary are being maintained to
support the consistent specification development and potential further reuse of specification
elements. The consolidated model consists of the harmonised models of the relevant standards
from the ISO 19100 series, the INSPIRE Generic Conceptual Model, and the application schemas
developed for each spatial data theme. The multilingual INSPIRE Feature Concept Dictionary
contains the definition and description of the INSPIRE themes together with the definition of the
spatial object types present in the specification. The INSPIRE Glossary defines all the terms (beyond
the spatial object types) necessary for understanding the INSPIRE documentation including the
terminology of other components (metadata, network services, data sharing, and monitoring).

[11]



By listing a number of requirements and making the necessary recommendations, the data
specifications enable full system interoperability across the Member States, within the scope of the
application areas targeted by the Directive. The data specifications (in their version 3.0) are
published as technical guidelines and provide the basis for the content of the Implementing Rule on
Interoperability of Spatial Data Sets and Services 7. The content of the Implementing Rule is
extracted from the data specifications, considering short- and medium-term feasibility as well as
cost-benefit considerations. The requirements included in the Implementing Rule are legally
binding for the Member States according to the timeline specified in the INSPIRE Directive.

In addition to providing a basis for the interoperability of spatial data in INSPIRE, the data
specification development framework and the thematic data specifications can be reused in other
environments at local, regional, national and global level contributing to improvements in the

coherence and interoperability of data in spatial data infrastructures.



Geology B Executive Summary

In the INSPIRE context Geology could be seen as a "reference data theme" as it provides information
for several themes of Annex Ill: Mineral resources, Natural Risk Zones, Soil, Energy resources, and
it has a specific relationship with one of the most important natural resources, water, through
groundwater bodies contained in aquifers. Geomorphology describes the EarthOs present-day
surface, and the processes creating its geometry.

The use of geological data

Geological data are used in various domains requiring knowledge of the surface and underground
geological environment: detecting geo-hazards; ensuring the safe disposal of wastes, nuclear
wastes, carbon capture and storage; ensuring the safe construction of buildings; providing
information for environmental planning; providing information for natural resources exploration;
vulnerability of the underground to contamination; providing indicators for climatic change;
providing construction material and minerals. For groundwater and aquifers uses are: water
supply (water abstraction); groundwater resources (water availability); providing base flow for
rivers, wetlands; protecting ecosystems dependent on groundwater; groundwater quality and
guantity assessment; transboundary groundwater management.

How geoscientists could provide this useful information?

Geological information provides basic knowledge about the physical properties and composition of
the geologic materials (rocks and sediments) outcropping at the landOs surface and forming the
underground, and about their structure and their age. It also provides knowledge about aquifers,
i.e. subsurface units of rocks or sediments of sufficient porosity and permeability to allow either a
significant flow of groundwater or the abstraction of significant quantities of groundwater.
Knowledge about landforms is also provided.

The main product delivered by geologists for the users is a geological map which is the result of an
interpretation  of the observations and measurements made on rocks and sediments, on and under
the surface. Because the rocks forming the subsurface are visible or accessible only on very small
parts of the surface, the outcrops, geologists have to interpret these observations and
measurements to group rocks in geologic units, and to connect other information observed locally

to identify the general geological structure.

Boreholes are another important source of information for interpreting the subsurface geology.
These can provide a stratigraphic and lithological log, analogous to a vertical geological map, and
can also be used to gather samples and make measurements of various properties at depth.

All this information is interpreted to make geological maps. The landforms  (geomorphologic
features) are often indicated on general geological maps, and are detailed on specific, applied
geomorphological maps.

Hydrogeological information

Hydrogeology  describes the flow, occurrence, and behavior of water in the underground
environment. It is a science located between hydrology and geology, and both have a strong
influence on the understanding of groundwater flow and solute transport. Hydrological processes



are responsible, for example, for the characterization and understanding of water supply derived

from recharge of aquifers. On the other hand the physical properties and composition of the
geologic materials (rocks and sediments) create the main environment for groundwater flow and

storage. Rocks and sediments also influence groundwater quality in terms of their chemical
composition.

The INSPIRE groundwater model describes two basic elements: the rock system (including aquifers,
dependent on the geological condition) and the groundwater system (including groundwater
bodies), completed by hydrogeological objects (such as water wells). See annex C for a detailed
description of this domain.

Geophysical information

Since geophysics provides valuable information on the physical properties of rocks (like density,
porosity, magnetic susceptibility, etc.), regardless of their organization as geologic units, geophysics
is part of the INSPIRE Geological data specifications. Geophysical boundaries may or may not
coincide with geological boundaries, depending on the changes of physical properties within and
outside the geological units. Geophysics provides extra - quite often the only - information on the
organization of the units in the subsurface. These results are processed by geophysicists in order to
deliver the 1D, 2D, 3D or even 4D spatial distribution of the property. The spatial property
distributions are then interpreted by geologists to build geological models of the subsurface, for
instance to detect hydrocarbon bearing structures or zones of mineral resources.

Which geological data to provide through INSPIRE?

Based on the analysis of the potential types of users and identification of use cases the TWG
developed a core data model. It is based on the complex GeoSciML data model, developed by the
international geosciences community, in particular Geological Survey Organisations
(http://www.geosciml.org/ ).

The core data model contains the main types of GeologicFeatures (GeologicUnits,
GeologicStructures, and GeomorphologicFeatures). The geometry of these features is described in
MappedFeatures and can be included in geological maps and profiles in the form of points, lines
and polygons. The data model also enables a description of the lithological/stratigraphical
characteristics of borehole logs, thematic maps, geophysical surveys and measurements, and
features related to hydrogeology (aquifers and groundwater bodies).

Basic geological knowledge and applied maps

As mentioned above, Geology is used by other thematic domains which are interested only in
specific properties of the underground (to prevent landslides, to insure safe disposal of wastes etc).
Geological surveys provide the basic knowledge about the Earth, but this basic information must
then be processed by experts to transform it into the specific maps (named applied maps) required
by thematic users. As very often the needs of thematic users concern a local area, the basic
knowledge must be supplemented by new data related to specific properties (for example the
porosity of the local rocks is needed in an assessment of a landslide).

The INSPIRE Geology model provides elements to build applied maps but does not describe these
applied features.
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1. Scope

This document specifies a harmonised data specification for the spatial data theme Geology as
defined in Annex Il of the INSPIRE Directive.

This data specification provides the basis for the drafting of Implementing Rules according to
Article 7 (1) of the INSPIRE Directive [Directive 2007/2/EC]. The entire data specification is

published as implementation guidelines accompanying these Implementing Rules.



2. Overview

2.1. Name

INSPIRE data specification for the theme  Geology.

2.2. Informal description

Definition:

Geology characterised according to composition and structure. Includes bedrock, aquifers and
geomorphology [Directive 2007/2/EC].

Description

From the definition, we detail each word. Geology is the study of the past and present aspects of
the Earth, including its history and life on Earth.

The composition of an earth material describes what it consists of (its components), both the
weight percentage of elements or molecules (chemical composition), and the species and number of
particles, e.g. minerals (mineralogical composition), clasts and fossils.

The structure of an earth material describes the physical arrangements of its components. A
geologic structure is a configuration of matter in the Earth based on describable inhomogeneity,
pattern, or fracture in an earth material.

The composition and structure of earth materials
¥ are reflected by their physical properties (e.g. density, porosity, and mechanical, magnetic,
electrical, seismic and hydraulic properties)
¥ influence geological processes (genesis, fracturing, alteration)
¥ control the properties of aquifers
¥ control the morphology of the landscape
¥ control their use as a natural resources
¥ determine their behavior during natural and industrial processes

The bedrock is a general term for the rock, usually solid, that underlies soil or other
unconsolidated, superficial material.

Aquifer is a wet underground layer of water-bearing permeable rock or unconsolidated materials
(gravel, sand, silt, or clay) from which groundwater can be usefully extracted using a water well.

Groundwater is all water which is below the surface of the ground in the saturation zone and in
direct contact with the ground or subsoil. This zone is commonly referred to as an aquifer.

Groundwater body is a distinct volume of groundwater within an aquifer. Generally the
groundwater body is not exactly correlated with the main (deeper) groundwater aquifers because



it was based on the surface water basins. This means that an aquifer is not always equivalent to a
groundwater body (GWB) (the methodology differs in different member states).

Geomorphology  provides basic knowledge about the present shape of the sub-aerial and
submerged parts of the Earth surface and its dynamics (genesis and involved processes).

The analysis of reference material and examples of use, briefly described in the Executive
Summary, shows the wide range of uses with various sets of rock properties required for different
uses: a geologist in charge of mineral prospecting, or mining waste protection, does not request the
same information about rocks as an engineer dealing with natural hazards who is more interested
in underground stability.

This data specification defines three application schemas: Geology, Hydrogeology, and Geophysics

to provide the basic geological, hydrogeological and geophysical knowledge on an area, with agreed

sets of attributes. To demonstrate the extensibility and also to cover more specific geological and
geophysical requirements two extension application schemas for Geology and Geophysics where
defined (see Annex D).

The Geological data model contains:

¥ Geologic Features with Geologic Events, Geologic Units, Geologic Structures, and
Geomorphologic Features. The geometry of these features is described in Mapped Features, and
is included in geological maps and profiles in the form of points, lines and polygons. Mapped
Features and Boreholes can be bundled in Collections,

¥ Thematic Class for reclassifying GeologicFeatures as some thematic class for thematic maps,

¥ The lithology of rock units,

¥ The processes of Geologic Events and their environments and ages

¥ The types of Shear Displacement Structures and Folds

¥ Borehole details, such as location and purpose.
The Geophysics data model  provides essential information on the physical properties of geological
structures. The data model includes:

¥ High rank geophysical stations that are part of international and national observation networks

¥ Important types of geophysical measurements that are most often requested or provided by
stakeholders

¥ Measurements that have basic role in improving geological knowledge, especially in
environmental and engineering context.

¥ Measurement campaigns that include any number of measurements and allow data providers
to deliver metadata in a collective manner.
The Hydrogeological data model contains:
¥ The Aquifer System comprising HydrogeologicUnits, Aquifers, Aquitards, Aquicludes and the
AquiferSystem,

¥ The Groundwater System comprising GroundWaterBody, and its relationships to the Aquifer



System, Hydrogeology Objects, and WFD_GroundWaterBody

¥ Hydrogeology Objects, both natural and man-made, including Wells
Extensibility of the INSPIRE geology models:

¥ For geology: the possibility of using GeoSciML v 3.2 for a wide range of geoscientific information
is discussed in the Annex D,

¥ For geophysics: guidance and examples are included to demonstrate the usage of the
Observations & Measurements schema in delivering measurement and processing results.

Definition:

Geology characterised according to composition and structure. Includes bedrock, aquifers and
geomorphology [Directive 2007/2/EC].

Description:

In the INSPIRE context the Geology data theme can be seen as a "reference data theme" as it
provides information for several other INSPIRE data themes e.g. Mineral resources; Area
Management, Restriction and Regulation Zones; Natural Risk Zones; Soil; Energy resources. In
Geology there is a specific relationship with one of the most important natural resources, water,
through groundwater bodies contained in aquifers. The theme also covers geomorphology that
describes the EarthOs present-day surface, and the location of the geophysical campaigns and
measurements that provide valuable information on the physical properties of rocks (like density,
porosity, magnetic susceptibility, etc.) regardless of their organization as geologic units.

The INSPIRE Geology Theme is split into the following sub-themes:

¥ Geology: provides basic knowledge about the physical properties and composition of geologic
materials (rocks and sediments), their structure and their age as depicted in geological maps, as
well as landforms (geomorphological features). The model also covers boreholes - another
important source of information for interpreting the subsurface geology.

¥ Hydrogeology: describes the flow, occurrence, and behaviour of water in the subsurface
environment. The two basic elements are the rock system (including aquifers) and the
groundwater system (including groundwater bodies). Man-made or natural hydrogeological
objects/features (such as groundwater wells and natural springs) are also included.

¥ Geophysics: focuses on the availability and location of key geophysical features. It includes
metadata on high rank gravity, magnetic and seismological stations that are part of
international and national observation networks as well as metadata on 2D and 3D seismic
measurements that are most often requested by third party users. It also provides collective
metadata on gravity, magnetic and airborne geophysical campaigns that cover large areas and
provide basic geological information for scientific research and more detailed applied studies
e.g. exploring earth resources (hydrocarbons, mineral deposits, ground water, geothermal

energyE).

Entry in the INSPIRE registry:  http://inspire.ec.europa.eu/theme/ge/


http://inspire.ec.europa.eu/theme/ge/

2.3. Normative References

[Directive 2007/2/EC] Directive 2007/2/EC of the European Parliament and of the Council of 14
March 2007 establishing an Infrastructure for Spatial Information in the European Community
(INSPIRE)

[ISO 19105] EN ISO 19105:2000, Geographic information$N$Conformance and testing
[ISO 19105] EN ISO 19105:2000, Geographic information$N$Conformance and testing
[ISO 19107] EN ISO 19107:2005, Geographic Information B Spatial Schema

[ISO 19108] EN ISO 19108:2005, Geographic Information ® Temporal Schema

[ISO 19108-c] ISO 19108:2002/Cor 1:2006, Geographic Information ® Temporal Schema, Technical
Corrigendum 1

[ISO 19111] EN ISO 19111:2007 Geographic information - Spatial referencing by coordinates (ISO
19111:2007)

[ISO 19113] EN ISO 19113:2005, Geographic Information B Quality principles
[ISO 19115] EN ISO 19115:2005, Geographic information B Metadata (ISO 19115:2003)
[ISO 19118] EN ISO 19118:2006, Geographic information B Encoding (ISO 19118:2005)

[ISO 19123] EN ISO 19123:2007, Geographic Information B Schema for coverage geometry and
functions

[ISO 19125-1] EN ISO 19125-1:2004, Geographic Information © Simple feature access b Part 1:
Common architecture

[ISO 19135] EN ISO 19135:2007 Geographic information B Procedures for item registration (ISO
19135:2005)

[1SO 19138] ISO/TS 19138:2006, Geographic Information B Data quality measures
[1ISO 19139] ISO/TS 19139:2007, Geographic information B Metadata B XML schema implementation
[ISO 19157] ISO/DIS 19157, Geographic information B Data quality

[OGC 06-103r4] Implementation Specification for Geographic Information - Simple feature access
Part 1: Common Architecture v1.2.1

NOTE This is an updated version of "EN ISO 19125-1:2004, Geographic information B Simple feature
access b Part 1: Common architecture".

[Regulation 1205/2008/EC] Regulation 1205/2008/EC implementing Directive 2007/2/EC of the
European Parliament and of the Council as regards metadata

[Regulation 976/2009/EC] Commission Regulation (EC) No 976/2009 of 19 October 2009
implementing Directive 2007/2/EC of the European Parliament and of the Council as regards the



Network Services

[Regulation 1089/2010/EC] Commission Regulation (EU) No 1089/2010 of 23 November 2010
implementing Directive 2007/2/EC of the European Parliament and of the Council as regards
interoperability of spatial data sets and services

[Regulation 2000/60/EC] DIRECTIVE 2000/60/EC OF THE EUROPEAN PARLIAMENT AND OF THE
COUNCIL of 23 October 2000 establishing a framework for Community action in the field of water

policy

[Regulation 2006/118/EC] DIRECTIVE 2006/118/EC OF THE EUROPEAN PARLIAMENT AND OF THE
COUNCIL of 12 December 2006 on the protection of groundwater against pollution and
deterioration

2.4. Terms and definitions

General terms and definitions helpful for understanding the INSPIRE data specification documents
are defined in the INSPIRE Glossary 7.

Specifically, for the theme Geology, the following terms are defined:
(1) GeologicFeature

The abstract GeologicFeature class represents a conceptual feature that is hypothesized to exist
coherently in the world. This corresponds with a "legend item" from a traditional geologic map *
while the bounding coordinates of a Geologic Feature may be described, its shape is not. The
implemented Geologic Feature instance acts as the "description package"

(2) MappedFeature

A spatial representation of a GeologicFeature. A MappedFeature is part of a geological
interpretation.

It provides a link between a notional feature (description package) and one spatial representation
of it, or part of it (exposures, surface traces and intercepts, etc) which forms the specific bounded
occurrence, such as an outcrop or map polygon.

(3) Geologic Unit

A volume of rock with distinct characteristics. Includes both formal units (i.e. formally adopted and
named in an official lexicon) and informal units (i.e. named but not promoted to the lexicon) and
unnamed units (i.e. recognisable and described and delineable in the field but not otherwise
formalised). Spatial properties are only available through association with a MappedFeature.

(4) Geologic Structure

Geologic Structure, in the INSPIRE context, considers shear displacement structures (including
faults) and folds. A shear displacement structure is defined as a brittle to ductile style structure

along which displacement has occurred. A fold is defined as one or more systematically curved
layers, surfaces, or lines in a rock body.



(5) Hydrogeologic Unit

A Hydrogeologic Unit is a volume of rock that by virtue of its porosity or permeability has a distinct
influence on the storage or movement of groundwater.

(6) Aquifer

A wet underground layer of water-bearing permeable rock or unconsolidated materials (gravel,
sand, silt, or clay) from which groundwater can be usefully extracted using a water well.

(7) Groundwater Body

A distinct volume of groundwater within an aquifer or system of aquifers, which is hydraulically
isolated from nearby groundwater bodies.

(8) Geophysical Station

Geophysical measurement spatially referenced to a single point location.
(9) Geophysical Profile

Geophysical measurement spatially referenced to a curve.

(10) Geophysical Swath

Geophysical measurement spatially referenced to a surface.

(11) Campaign

Geophysical activity extending over a limited time range and limited area for producing similar
geophysical measurements, processing results or models.

2.5. Symbols and abbreviations

AM Area management/restriction/regulation zones and reporting units
AP Assessment Point

ATS Abstract Test Suite

EC European Commission

EEA European Environmental Agency

EF Environmental Monitoring Facilities

ETRS89 European Terrestrial Reference System 1989
ETRS89- Lambert Azimuthal Equal Area

LAEA

EVRS European Vertical Reference System

FOI Feature of interest

GCM General Conceptual Model



GDE Groundwater dependent ecosystems
GE Geology

GeoSciML GeoScience Markup Language

GIS Geographical Information System

GML Geography Markup Language

GSHP Ground Source Heat Pumps

GWB Groundwater bodies

GWD Groundwater Directive

GWML GroundWater Markup Language

HY Hydrography

ICS International Commission on Stratigraphy
IR Implementing Rule

ISDSS Interoperability of Spatial Data Sets and Services
ISO International Organization for Standardization
ITRS International Terrestrial Reference System
IUGS International Union of Geological Sciences
LAT Lowest Astronomical Tide

LMO Legally Mandated Organisation

LU Land Use

RBD River Basin District

RBMP River Basin Management Plan

SDIC Spatial Data Interest Community

SO Soil

SR Sea Region

SRS Spatial Reference System

SWE Sensor Web Enablement

TG Technical Guidance

UML Unified Modeling Language

UTC Coordinated Universal Time

WEFD Water Framework Directive

WISE Water Information System of Europe

XML EXtensible Markup Language



2.6. How the Technical Guidelines map to the
Implementing Rules

The schematic diagram in Figure 1 gives an overview of the relationships between the INSPIRE
legal acts (the INSPIRE Directive and Implementing Rules) and the INSPIRE Technical Guidelines.
The INSPIRE Directive and Implementing Rules include legally binding requirements that describe,
usually on an abstract level, what Member States must implement.

In contrast, the Technical Guidelines define how Member States might implement the requirements
included in the INSPIRE Implementing Rules. As such, they may include non-binding technical
requirements that must be satisfied if a Member State data provider chooses to conform to the
Technical Guidelines. Implementing these Technical Guidelines will maximise the interoperability

of INSPIRE spatial data sets.

INSPIRE
Implementing Impl_eme_ntlng
L Directive
Directive
2007/2/EC
“What Member States A
must implement” v INSPIRE
Implementing Rules
FerrmaEstem for Metadata,
Regulation Network Services
Interoperability
Spatial data sets and abstract
legally binding services specification
not legally binding 4 — implementation
. _ INSPIRE specification
Technical Guidance . .
: Technical Guidance

Technical for the

“ Glhnee e.g. Imolementation of Data Specification
How Member States 1 . on Addresses
Discovery Services

might implement it”

Implementation
Requirements &
Recommendations

Implementation
Requirements &
Recommendations

Figure 1 - Relationship between INSPIRE Implementing Rules and Technical Guidelines

2.6.1. Requirements

The purpose of these Technical Guidelines (Data specifications on Geology) is to provide practical
guidance for implementation that is guided by, and satisfies, the (legally binding) requirements
included for the spatial data theme Geology in the Regulation (Implementing Rules) on
interoperability of spatial data sets and services. These requirements are highlighted in this
document as follows:

IR Requirement
Article / Annex / Section no.
Title / Heading

This style is used for requirements contained in the Implementing Rules on



interoperability of spatial data sets and services (Commission Regulation (EU) No
1089/2010).

For each of these IR requirements, these Technical Guidelines contain additional explanations and
examples.

NOTE The Abstract Test Suite (ATS) in Annex A contains conformance tests that directly check
conformance with these IR requirements.

Furthermore, these Technical Guidelines may propose a specific technical implementation for
satisfying an IR requirement. In such cases, these Technical Guidelines may contain additional
technical requirements that need to be met in order to be conformant with the corresponding IR
requirement when using this proposed implementation . These technical requirements are
highlighted as follows:

TG Requirement X

. This style is used for requirements for a specific technical solution proposed in
these Technical Guidelines for an IR requirement.

NOTE 1 Conformance of a data set with the TG requirement(s) included in the ATS implies
conformance with the corresponding IR requirement(s).

NOTE 2 In addition to the requirements included in the Implementing Rules on interoperability of
spatial data sets and services, the INSPIRE Directive includes further legally binding obligations
that put additional requirements on data providers. For example, Art. 10(2) requires that Member
States shall, where appropriate, decide by mutual consent on the depiction and position of
geographical features whose location spans the frontier between two or more Member States.
General guidance for how to meet these obligations is provided in the INSPIRE framework
documents.

2.6.2. Recommendations

In addition to IR and TG requirements, these Technical Guidelines may also include a number of
recommendations for facilitating implementation or for further and coherent development of an
interoperable infrastructure.

" Recommendation X

Recommendations are shown using this style.

NOTE The implementation of recommendations is not mandatory. Compliance with these Technical
Guidelines or the legal obligation does not depend on the fulfilment of the recommendations.

2.6.3. Conformance

Annex A includes the abstract test suite for checking conformance with the requirements included
in these Technical Guidelines and the corresponding parts of the Implementing Rules (Commission
Regulation (EU) No 1089/2010).



3. Specification scopes

This data specification does not distinguish different specification scopes, but just considers one

general scope.

NOTE For more information on specification scopes, see [ISO 19131:2007], clause 8 and Annex D.



4. |dentification information

These Technical Guidelines are identified by the following URI:
http://inspire.ec.europa.eu/tg/ge/3.0

NOTE ISO 19131 suggests further identification information to be included in this section, e.g. the
title, abstract or spatial representation type. The proposed items are already described in the
document metadata, executive summary, overview description (section 2) and descriptions of the
application schemas (section 5). In order to avoid redundancy, they are not repeated here.


http://inspire.ec.europa.eu/tg/ge/3.0

5. Data content and structure

5.1. Application schemas b Overview

5.1.1. Application schemas included in the IRs

Articles 3, 4 and 5 of the Implementing Rules lay down the requirements for the content and
structure of the data sets related to the INSPIRE Annex themes.

IR Requirement
Article 4
Types for the Exchange and Classification of Spatial Objects

1. For the exchange and classification of spatial objects from data sets meeting
the conditions laid down in Article 4 of Directive 2007/2/EC, Member States
shall use the spatial object types and associated data types and code lists that
are defined in Annexes Il, Il and IV for the themes the data sets relate to.

2. When exchanging spatial objects, Member States shall comply with the
definitions and constraints set out in the Annexes and provide values for all
attributes and association roles set out for the relevant spatial object types and
data types in the Annexes. For voidable attributes and association roles for
which no value exists, Member States may omit the value.

The types to be used for the exchange and classification of spatial objects from data sets related to
the spatial data theme Geology are defined in the following application schemas (see sections 5.3,
5.4,5.5):

¥ Geology application schema

¥ Hydrogeology application schema

¥ Geophysics application schema

All 3 application schemas provide basic geological, hydrogeological and geophysical knowledge on
an area, with an agreed set of attributes.

The application schemas specify requirements on the properties of each spatial object including its
multiplicity, domain of valid values, constraints, etc.

NOTE The application schemas presented in this section contain some additional information that
is not included in the Implementing Rules, in particular multiplicities of attributes and association
roles.

TG Requirement 1

. Spatial object types and data types shall comply with the multiplicities defined for
the attributes and association roles in this section.

An application schema may include references (e.g. in attributes or inheritance relationships) to



common types or types defined in other spatial data themes. These types can be found in a sub-
section called "Imported Types" at the end of each application schema section. The common types
referred to from application schemas included in the IRs are addressed in Article 3.

IR Requirement
Article 3
Common Types

Types that are common to several of the themes listed in Annexes |, Il and Il to
Directive 2007/2/EC shall conform to the definitions and constraints and include
the attributes and association roles set out in Annex I.

NOTE Since the IRs contain the types for all INSPIRE spatial data themes in one document, Article 3
does not explicitly refer to types defined in other spatial data themes, but only to types defined in
external data models.

Common types are described in detail in the Generic Conceptual Model [DS-D2.7], in the relevant
international standards (e.g. of the ISO 19100 series) or in the documents on the common INSPIRE
models [DS-D2.10.x]. For detailed descriptions of types defined in other spatial data themes, see the
corresponding Data Specification TG document [DS-D2.8.x].

5.1.2. Additional recommended application schemas

In addition to the application schemas listed above, the following additional application schema
have been defined for the theme  Geology (see Annex D):

¥ Geophysics extension application schema to share e.g. geophysical observation results in a
harmonised way using ISO 19156 (O&M) Standard.

These additional application schemas are not included in the IRs. They typically address
requirements from specific (groups of) use cases and/or may be used to provide additional
information. They are included in this specification in order to improve interoperability also for
these additional aspects and to illustrate the extensibility of the application schemas included in the
IRs.

Recomendation 1

Additional and/or use case-specific information related to the theme Geology
should be made available using the spatial object types and data types specified in
the following application schema: -  Geophysics extension

" These spatial object types and data types should comply with the definitions and
constraints and include the attributes and association roles defined in the Annex
D.

The code lists used in attributes or association roles of spatial object types or data
types should comply with the definitions and include the values defined in the
Annex D.



5.2. Basic notions

This section explains some of the basic notions used in the INSPIRE application schemas. These
explanations are based on the GCM [DS-D2.5].

5.2.1. Notation

5.2.1.1. Unified Modeling Language (UML)

The application schemas included in this section are specified in UML, version 2.1. The spatial
object types, their properties and associated types are shown in UML class diagrams.

NOTE For an overview of the UML notation, see Annex D in [ISO 19103].

The use of a common conceptual schema language (i.e. UML) allows for an automated processing of
application schemas and the encoding, querying and updating of data based on the application
schema b across different themes and different levels of detail.

The following important rules related to class inheritance and abstract classes are included in the
IRs.

IR Requirement
Article 5
Types

(E)

2. Types that are a sub-type of another type shall also include all this typeOs
attributes and association roles.

3. Abstract types shall not be instantiated.

The use of UML conforms to ISO 19109 8.3 and ISO/TS 19103 with the exception that UML 2.1
instead of ISO/IEC 19501 is being used. The use of UML also conforms to ISO 19136 E.2.1.1.1-
E.2.1.1.4.

NOTE ISO/TS 19103 and I1SO 19109 specify a profile of UML to be used in conjunction with the 1ISO
19100 series. This includes in particular a list of stereotypes and basic types to be used in
application schemas. ISO 19136 specifies a more restricted UML profile that allows for a direct
encoding in XML Schema for data transfer purposes.

To model constraints on the spatial object types and their properties, in particular to express
data/data set consistency rules, OCL (Object Constraint Language) is used as described in ISO/TS
19103, whenever possible. In addition, all constraints are described in the feature catalogue in
English, too.

NOTE Since "void" is not a concept supported by OCL, OCL constraints cannot include expressions
to test whether a value is a void value. Such constraints may only be expressed in natural language.



5.2.1.2. Stereotypes

In the application schemas in this section several stereotypes are used that have been defined as
part of a UML profile for use in INSPIRE [DS-D2.5]. These are explained in Table 1 below.

Stereotype

applicationSchema

leaf

featureType

type

dataType

union

codelList

import

voidable

lifeCyclelnfo

Model element

Package

Package

Class

Class

Class

Class

Class

Dependency

Attribute, association role

Attribute, association role

Table 1 b Stereotypes (adapted from [DS-D2.5])

Description

An INSPIRE application schema
according to ISO 19109 and the
Generic Conceptual Model.

A package that is not an
application schema and
contains no packages.

A spatial object type.

A type that is not directly
instantiable, but is used as an
abstract collection of operation,
attribute and relation

signatures. This stereotype
should usually not be used in
INSPIRE application schemas as
these are on a different
conceptual level than classifiers
with this stereotype.

A structured data type without
identity.

A structured data type without
identity where exactly one of
the properties of the type is
present in any instance.

A code list.

The model elements of the
supplier package are imported.

A voidable attribute or
association role (see section
5.2.2).

If in an application schema a
property is considered to be
part of the life-cycle
information of a spatial object
type, the property shall receive
this stereotype.



Stereotype Model element Description

version Association role If in an application schema an
association role ends at a
spatial object type, this
stereotype denotes that the
value of the property is meant
to be a specific version of the
spatial object, not the spatial
object in general.

5.2.2. Voidable characteristics

The CvoidableE stereotype is used to characterise those properties of a spatial object that may not
be present in some spatial data sets, even though they may be present or applicable in the real
world. This does not mean that it is optional to provide a value for those properties.

For all properties defined for a spatial object, a value has to be provided D either the corresponding

value (if available in the data set maintained by the data provider) or the value of void. A void value
shall imply that no corresponding value is contained in the source spatial data set maintained by

the 