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Foreword
How to read the document?

This document describes the il NSPI RE dat a sLpne €ovérii cTachnical Guiodel i nes o
version 3.0 as developed by the Thematic Working Group (TWG) LC using both natural and a
conceptual schema language.

The data specification is based on a common template1 used for all data specifications, which has
been harmonised using the experience from the development of the Annex I, Il and Il data
specifications.

This document provides guidelines for the implementation of the provisions laid down in the draft
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 Land Cover 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 Land Cover, 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 piplalpiealdoy duvaidloels!l enoas raep
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.

'The common document template is available in the
specifications web page at http://inspire.jrc.ec.europa.eu/index.cfm/pageid/2


http://inspire.jrc.ec.europa.eu/index.cfm/pageid/2
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Interoperability of Spatial Data Sets and Services 1
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, Il, Il 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 machi nes. It is i mportant to note that AinNnt e
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

% For all 34 Annex I, and Ill data themes: within two years of the adoption of the corresponding
Implementing Rules for newly collected and extensively restructured data and within 5 years for other
data in electronic format still in use

% The current status of registered SDICs/LMOs is available via INSPIRE website:
http://inspire.jrc.ec.europa.eu/index.cfm/pageid/42

* Surveys on unique identifiers and usage of the elements of the spatial and temporal schema,

® The Data Specification Drafting Team has been composed of experts from Austria, Belgium, Czech
Republic, France, Germany, Greece, Italy, Netherlands, Norway, Poland, Switzerland, UK, and the
European Environment Agency

® The Thematic Working Groups of Annex Il and Il themes have been composed of experts from
Austria, Belgium, Bulgaria, Czech Republic, Denmark, Finland, France, Germany, Hungary, Ireland,
Italy, Latvia, Netherlands, Norway, Poland, Romania, Slovakia, Spain, Sweden, Switzerland, Turkey,
UK, the European Commission, and the European Environment Agency


http://inspire.jrc.ec.europa.eu/index.cfm/pageid/42
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specifications. These consultations covered expert reviews as well as feasibility and fitness-for-
purpose testing of the data specifications7.

This open and participatory approach was successfully used during the development of the data
specifications on Annex I, Il and Il 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 llI.

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®:

1 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.

I 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.

1 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.

1 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.

1 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 i Ob s @ romast and Me swndarck(I8@© hL55)0
is to be used within INSPIRE.

i 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 onthe il SO 19131 Geogr aad c

product specificationso standar d. Th e pplicatiorcscherdag
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 Ianguagelo.

" For Annex lI+l1l, the consultation and testing phase lasted from 20 June to 21 October 2011.

8 Commission Regulation (EU) No 1089/2010 implementing Directive 2007/2/EC of the European
Parliament and of the Council as regards interoEerability of spatial data sets and services, published in
the Official Journal of the European Union on 8" of December 2010.

°The framewor k document s ar e avail abl e i n t he

sg)ecifications web page at http://inspire.jrc.ec.europa.eu/index.cfm/pageid/2
YUMLT Unified Modelling Language

i nf
t he

nFr

(O
T €

a


http://eur-lex.europa.eu/JOHtml.do?uri=OJ:L:2010:323:SOM:EN:HTML
http://eur-lex.europa.eu/JOHtml.do?uri=OJ:L:2010:323:SOM:EN:HTML
http://inspire.jrc.ec.europa.eu/index.cfm/pageid/2
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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 1SO
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).

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'®. 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.

1 Conceptual models related to specific areas (e.g. INSPIRE themes)
2 |n the case of the Annex I+l data specifications, the extracted requirements are used to formulate
an amendment to the existing Implementing Rule.
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Land Cover i Executive Summary

This data specification for the theme Land Cover in the framework of Directive 2007/2/EC of the
European Parliament and of the Council of 14 March 2007 (INSPIRE) is separated into two core
models and an extended model. The two core models are conceptually similar, but for technical
reasons separated into one core model for vector data and one (somewhat simplified) core model for
raster data. The two core models are proposed as part of the INSPIRE implementing rules. CORINE
Land Cover as well as most regional and national land cover data sets, can be represented using one
of the core models. Land cover data involving multiple classifications or land cover parameters other
than traditional classifications (such as soil sealing) can be represented using the extended model.
Since the two core models are subsets of the extended model, data providers implementing the
extended model are also implicitly INSPIRE compliant.

The data specification development was based on the analysis of submitted reference material, use
cases submitted by the European Environmental Agency as well as use cases developed by the TWG
itself. The latter, found in an Annex to this data specification, were

1. Land cover information used in monitoring linked to EU agricultural policy (IACS)
2. Land cover information used in carbon monitoring (LULUCF)
3. Land cover information in land and ecosystem accounting based on CORINE Land Cover (LEAC)

The core models described in this data specification are appropriate for handling data required by
these use cases, as well as for the use cases provided by EEA. The Data Specification particularly
ensured that the two core models are compatible with the pan-European CORINE Land Cover data
because CORINE Land Cover is the pan-European land cover mapping and monitoring program.
Other data sources considered during the development of the data specification were the Eurostat
LUCAS survey, the Urban Atlas, the GMES High Resolution Layers and a number of national and sub-
national land cover classification and measurement systems known to the members of the TWG.

The common, conceptual core model for land cover data has the following structure: A land cover data
set consists of a collection of land cover units. These units may be points, polygons or raster cells
(resulting in two core models, one for vector data and one for raster data). The land cover data set is
also linked to a code list (e.g. the CORINE Land Cover code list). The code list is a nomenclature of
land cover classes where each class is represented by a code and a name. At each land cover unit,
the land cover has been observed on one or more observation dates. The multiplicity of observation
dates is introduced in order to be able to describe land cover change. For each observation date
attached to a land cover unit, the observation is represented by one or more codes from the code list
(representing land cover classes). Several codes are allowed in order to allow the use of mosaics. It is
also possible to add a percentage showing the relative presence of each class within the land cover
unit.

The raster version of the core model is simply a subset where the observation date and covered
percentage are removed and only one land cover code is allowed for each land cover unit (raster cell).

Land cover is conceptually a partition of the surface of the earth. The appropriate geometrical model of
a partition is a coverage. Experience has, however, shown that many European data providers are
unable to handle coverages. The data specification does therefore, for purely pragmatic reasons,
model land cover using simple feature polygons and point collections in addition to raster. Polygons,
points and raster data correspond to the common methods of observation used in both pan-European
and national land cover mapping and monitoring, as found in e.g. the EEA CORINE Land Cover
program, the Eurostat LUCAS survey and the GMES HRL products.

The data specification does not prescribe or recommend any particular land cover nomenclature for
use in INSPIRE. There is a multitude of different ways to describe land cover. This is partly due to the
wide range of aspects of the environment embraced by land cover, but also due to the many different
uses of land cover data. There is only one "real world" but many different descriptions of this world
depending on the aims, methodology and terminology of the observer.
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The approach taken by this data specification is instead to allow many different land cover
nomenclatures to coexist in the context of INSPIRE. The owners of the various code lists are,
however, encouraged to document their code lists by using ISO 19144-2 Standard - Land Cover Meta
Language (LCML) and/or by using a feature catalogue and provide access to the feature catalogue
through a web link in order to provide a basis for interoperability. This kind of documentation can
constitute a basis for harmonization through semantic translation between nomenclatures, and thus
induce future harmonization of data sets, provided that the data also are comparable in terms of scale
and detail.

is associated with a code list with legal values
and associated names

A land cover data set

is composed of

a point, B
a number of land each geometrically P providing
. a polygonor
cover units represented as
a raster cell

wheren one or more

situations

has been observed each consisting of

an observation date

and one or more

land cover values selected from

each (optionally) associated with a

covered percentage

Figure 1 : Land cover conceptual core model (informal representation).

Grey boxes represent voidable items and are not used in the raster version of the model
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1 Scope

This document specifies a harmonised data specification for the spatial data theme Land Cover 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 Land Cover.

2.2 Informal description
Definition:

Physical and biological cover of the earth's surface including artificial surfaces, agricultural areas, forests,
(semi-)natural areas, wetlands, water bodies [Directive 2007/2/EC]

Description:

Land cover is an abstraction of the physical and biop

Land cover data provides a description of the surface of the earth by its (bio-) physical characteristics.
Land cover mapping and surveying of land cover is done through land cover survey initiatives. The EEA
CORINE Land Cover program, the LUCAS survey carried out by Eurostat and many national and regional
land cover mapping programs are examples of such land cover survey initiatives. The variety of survey
initiatives show that land cover can be described, classified and mapped in many different ways, justified
by a multitude of applications and user requirements.

Land cover is an abstraction. The surface described as land cover is in reality populated with landscape
elements. The landscape elements are physical features like buildings, roads, trees, plants, water bodies
etc. Inside a unit of land, the (bio-)physical characteristics of these landscape elements combine to form
the land cover of that unit. Mapping and description of land cover is, however, different from the mapping
of the individual landscape elements and concerned with the portrayal of a continuous surface and not
with the individual elements that comprise this surface. In this sense, land cover is to be understood as an
abstraction of the surface.

Land cover is different from land use (INSPIRE Annex Ill, theme number 4), which is dedicated to the
descriptionoftheus e of the earthos sur f aredoweverarelaled © eacteotherand | &
and often combined in practical applications. Data combining land use and land cover information often

emphasize land use aspects in intensively used areas (e.g. built-up or industrial areas, artificial land) and

land cover aspects in extensively used areas (e.g. natural vegetation, forest areas). A detailed discussion

of the relationship between land cover and land use is found in an annex to the INSPIRE data
specification for land use.

Harmonized, homogenous and comparable land cover information for Europe is available as the result of
the EEA CORINE Land Cover program and the Eurostat LUCAS survey. Land cover data created and



INSPIRE Reference: D2.8.11.2_v3.0

TWG-LC Data Specification on Land Cover 2013-12-10 Page 2

maintained by many member states, together with initiatives within the framework of the GMES, can
provide further input to a European infrastructure of land cover information.

Definition:
Physical and biological cover of the earth's surface including artificial surfaces, agricultural areas, forests,
(semi-)natural areas, wetlands, water bodies.

Description
Land cover data is a physical or biological description of the earth surface. In this way it is different from

the land use data (Annex lll, theme number 4), dedicated to the description of the use of the Earth
surface.

Land cover information has to be homogenous and comparable between different locations in Europe,
based on the infrastructures for Land Cover information created by the Member States (if existing), and
made available and maintained at the most appropriate level.

A land cover data set consists of a collection of land cover units. These units may be points, polygons or
raster cells (resulting in two core models, one for vector data and one for raster data). The land cover
data set is also linked to a code list (e.g. the CORINE Land Cover code list). CORINE Land Cover as well
as most regional and national land cover data sets, can be represented using one of the core models.
Land cover information used in monitoring linked to EU agricultural policy (IACS), in carbon monitoring
(LULUCF) and used in land and ecosystem accounting based on CORINE Land Cover (LEAC)

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

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 -- Conformance and testing

[ISO 19107] EN ISO 19107:2005, Geographic Information i Spatial Schema

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

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

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

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

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

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

[1SO 19144-1]1SO 19144-1:2009, Geographic information i Part 1: Classification system structure
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[ISO 19144-2]ISO/FDIS 19144-2:2012, Geographic information - Classification systems - Part 2 : Land
Cover Meta Language (LCML)

[ISO 19157] 1SO/DIS 19157, Geographic information i Data quality

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

NOTE This is an updated version of "EN ISO 19125-1:2004, Geographic information
I Simple feature access i 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

2.4 Terms and definitions

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

Specifically, for the theme Land Cover, the following terms are defined:

(1) Classification System
System for assigning objects to classes, in accordance with ISO 19144-1:2012.

Classification is an abstract representation of real world phenomena (i.e. the situation in the field) using
classifiers. A classification is a systematic framework with the names of the classes and the definitions
used to distinguish them, and the relation between classes. Classification thus necessarily involves
definition of class boundaries that must be clear and based upon objective criteria.

(2) Discrete Coverage
Coverage that returns the same feature attribute values for every direct position within any single spatial
object, temporal object or spatiotemporal object in its domain, in accordance with EN ISO 19123:2007.

NOTE The domain of a discrete coverage consists of a finite set of spatial, temporal, or spatiotemporal
objects

(3) Land Cover Object
Spatial object (point, pixel or polygon) where the land cover has been observed.

(4) Legend
Application of a classification in a specific area using a defined mapping scale and specific data set
[UNFAO LCCS 2:2005].

A legendis the application of a classification in a specific area using a defined mapping scale and specific
data set. Therefore, a legend may contain only a proportion, or subset, of all possible classes of the
classification.A legend shall be

® The INSPIRE Glossary is available from http://inspire-registry.jrc.ec.europa.eu/registers/GLOSSARY
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- scale dpendent and
- sourcedependent
[ISO 19144-1]

(5) Minimal Mapping Unit
Smallest area size of a polygon allowed to be represented in a particular land cover data set.

(6) Mosaic
Group of land cover classes assigned to the same land cover object at a same time. A covered
percentage may be affected to each LC class.

(7) Nomenclature
A list of codes and corresponding names and definitions for all the valid classes resulting from a
classification system.

(8) Situation
State of a particular land cover object at a particular point in time.

NOTE: Any particular polygon may then support more than one classification class, each corresponding
to a specific observation at a particular point in time.

(9) Tessellation
Partitioning of a space into a set of conterminous subspaces having the same dimension as the space
being partitioned [ISO 19123].

NOTE A tessellation in a 2D space consist of a set of non-overlapping polygons that entirely cover a
region of interest.

2.5 Symbols and abbreviations

ATS Abstract Test Suite

CLC CORINE Land Cover

CORINE Coordination of information on the environment
EC European Commission

EEA European Environmental Agency

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

EVRS European Vertical Reference System

FAO Food and Agricultural Organization

GCM General Conceptual Model

GMES Global Monitoring for Environment and Security
GML Geography Markup Language

IACS Integrated Administration and Control System
IGBP International Geosphere-Biosphere Programme
IR Implementing Rule

ISDSS Interoperability of Spatial Data Sets and Services
ISO International Organization for Standardization
ISO International Standard Organization

ITRS International Terrestrial Reference System

LAT Lowest Astronomical Tide

LC Land Cover

LCCS Land Cover Classification System

LCML Land Cover Meta Language

LEAC Land and Ecosystem Accounting

LMO Legally Mandated Organisation

LPIS Land Parcel Identification System

LU Land Use

LUCAS Land Use/Cover Area Frame Survey by EUROSTAT

LULUCF Land Use, Land Use Change and Forestry
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MMU Minimal Mapping Unit

OoCL Object Constraint Language

SDI Spatial Data Infrastructure

SDIC Spatial Data Interest Community

TG Technical Guidance

TWG Thematic Working Group

UML Unified Modeling Language

uUTC Coordinated Universal Time

XML EXtensible Markup Language

2.6 How the Technical Guidelines map to the Implementing Rules

The schematic diagram in Figure 2 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 Imp!eme-ntlng
I Directive
Directive
2007/2/EC
“What Member States J
must implement” \ INSPIRE
Implementing Rules
CommiksitaT for Metadata,
Regulation Network Services
Interoperability
Spatial data sets and abstract
legally binding services specification
not legally binding A i implementation
. - INSPIRE specification
Technical Guidance . .
; Technical Guidance
Technical for the
“ B ETEE e.g. Implementation of Data Specification
How Member States 1 . on Addresses
Discovery Services

might implement it”

Implementation
Requirements &
Recommendations

Implementation
Requirements &
Recommendations

Figure 2 - Relationship between INSPIRE Implementing Rules and Technical Guidelines

2.6.1 Requirements

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

| IR Requirement |I
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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:

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.



INSPIRE Reference: D2.8.11.2_v3.0

TWG-LC Data Specification on Land Cover 2013-12-10 Page 7

4 |dentification information

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

NOTE 1SO 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.

5 Data content and structure

5.1 Application schemas i 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, enumerations and code lists that are defined in Annexes Il, Ill and IV for the
themes the data sets relate to.

2. Spatial object types and data types shall comply with the definitions and constraints and include the
attributes and association roles set out in the Annexes.

3. The enumerations and code lists used in attributes or association roles of spatial object types or data
types shall comply with the definitions and include the values set out in Annex Il. The enumeration and code
list values are uniquely identified by language-neutral mnemonic codes for computers. The values may also
include a language-specific name to be used for human interaction.

The types to be used for the exchange and classification of spatial objects from data sets related to the
spatial data theme Land Cover are defined in the following application schemas:

- LandCoverNomenclature application schema
- LandCoverVector application schema
- LandCoverRaster application schema

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.

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

il mported Typeso at the end of each application sche
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 I, 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 |.

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 schemas have
been defined for the theme Land Cover:

- LandCoverExtension application schema.

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.

Recommendation 1  Additional and/or use case-specific information related to the theme Land
Cover should be made available using the spatial object types and data types
specified in the application schema LandCoverExtension.

These spatial object types and data types should comply with the definitions
and constraints and include the attributes and association roles defined in this
section.

The enumerations and 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 this section.

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].
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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 i

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
(€)
2. Types that are a sub-type of another type shallalsoi ncl ude all thi s t yalien att
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 ISO 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 fAvoido is not a concept suppoeexprdssidnyto OCL ,
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.

Table 11 Stereotypes (adapted from [DS-D2.5])

Model
element
applicationSchema | Package An INSPIRE application schema according to ISO 19109 and
the Generic Conceptual Model.

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

featureType Class A spatial object type.

Stereotype Description
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type Class 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.
dataType Class A structured data type without identity.
union Class A structured data type without identity where exactly one of the
properties of the type is present in any instance.
enumeration Class An enumeration.
codelList Class A code list.
import Dependency | The model elements of the supplier package are imported.
voidable Attribute, A voidable attribute or association role (see section 5.2.2).
association
role
lifeCyclelnfo Attribute, If in an application schema a property is considered to be part
association | of the life-cycle information of a spatial object type, the property
role shall receive this stereotype.
version Association | If in an application schema an association role ends at a spatial
role 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 «voidable» 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 1 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 data provider or
no corresponding value can be derived from existing values at reasonable costs.

: Recommendation 2  The reason for a void value should be provided where possible using a listed
value from the VoidReasonValue code list to indicate the reason for the
missing value.

The VoidReasonValue type is a code list, which includes the following pre-defined values:
- Unpopulated: The property is not part of the dataset maintained by the data provider. However, the

characteristic may exist in the real worl d. For

e X

the sea |l evel 0o has not been i ncl ubjects, themtheacastrat as et
fora void value of this pr op e propertyeceivésdhis vadue fortath p o p ul

spatial objects in the spatial data set.

- Unknown: The correct value for the specific spatial object is not known to, and not computable by
the data provider. Howe v e r a correct valwue may exi st.
wat er body abovefa tehain lakeehas nbt beere heasured, then the reason for a

void value of this property woul dytokhmse gpdiralkobjetesn 6 .

where the property in question is not known.
- Withheld: The characteristic may exist, but is confidential and not divulged by the data provider.

NOTE Itis possible that additional reasons will be identified in the future, in particular to support
reasons / special values in coverage ranges.

The «voidable» stereotype does not give any information on whether or not a characteristic exists in the
real world. This is expressed using the multiplicity:

e

T
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- If a characteristic may or may not exist in the real world, its minimum cardinality shall be defined as
0. For example, if an Address may or may not have a house number, the multiplicity of the
corresponding property shall be 0..1.

- If at least one value for a certain characteristic exists in the real world, the minimum cardinality
shall be defined as 1. For example, if an Administrative Unit always has at least one name, the
multiplicity of the corresponding property shall be 1..*.

In both cases, the «voidable» stereotype can be applied. In cases where the minimum multiplicity is 0, the
absence of a value indicates that it is known that no value exists, whereas a value of void indicates that it
is not known whether a value exists or not.

EXAMPLE If an address does not have a house number, the corresponding Address object should not
have any value for the «voidable» attribute house number. If the house number is simply not known or not
populated in the data set, the Address object should receive a value of void (with the corresponding void
reason) for the house number attribute.

5.2.3 Enumerations

Enumerations are modelled as classes in the application schemas. Their values are modelled as
attributes of the enumeration class using the following modelling style:
- Noinitial value, but only the attribute name part, is used.
- The attribute name conforms to the rules for attributes names, i.e. is a lowerCamelCase name.
Exceptions are words that consist of all uppercase letters (acronyms).

IR Requirement
Article 6
Code Lists and Enumerations

(€)
5) Attributes or association roles of spatial object types or data types that have an enumeration type
may only take values fromthelist s speci fied for the enumerat. n tyrg

5.2.4 Code lists

Code lists are modelled as classes in the application schemas. Their values, however, are managed
outside of the application schema.

5.2.4.1. Code list types

The IRs distinguish the following types of code lists.
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IR Requirement
Article 6
Code Lists and Enumerations

1) Code lists shall be of one of the following types, as specified in the Annexes:
a) code lists whose allowed values comprise only the values specified in this Regulation;
b) code lists whose allowed values comprise the values specified in this Regulation and narrower
values defined by data providers;
c) code lists whose allowed values comprise the values specified in this Regulation and additional
values at any level defined by data providers;
d) code lists, whose allowed values comprise any values defined by data providers.

For the purposes of points (b), (c) and (d), in addition to the allowed values, data providers may use
the values specified in the relevant INSPIRE Technical Guidance document available on the
INSPIRE web site of the Joint Research Centre.

The type of code list is represented in the UML model through the tagged value extensibility, which can
take the following values:
- none, representing code lists whose allowed values comprise only the values specified in the IRs
(type a);
- narrower, representing code lists whose allowed values comprise the values specified in the IRs
and narrower values defined by data providers (type b);
- open, representing code lists whose allowed values comprise the values specified in the IRs and
additional values at any level defined by data providers (type c); and
- any, representing code lists, for which the IRs do not specify any allowed values, i.e. whose
allowed values comprise any values defined by data providers (type d).

: Recommendation 3 Additional values defined by data providers should not replace or redefine any
] value already specified in the IRs. ]

NOTEThis data specification may specify recommended values for some of the code lists of type (b), (c)
and (d) (see section 5.2.4.3). These recommended values are specified in a dedicated Annex.

In addition, code lists can be hierarchical, as explained in Article 6(2) of the IRs.

IR Requirement
Article 6
Code Lists and Enumerations

(€e)

2) Code lists may be hierarchical. Values of hierarchical code lists may have a more generic parent
value. Where the valid values of a hierarchical code list are specified in a table in this Regulation,
the parent values are listed in the last column.

The type of code list and whether it is hierarchical or not is also indicated in the feature catalogues.
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5.2.4.2. Obligations on data providers

IR Requirement
Article 6
Code Lists and Enumerations

(e.)

3) Where, for an attribute whose type is a code list as referred to in points (b), (c) or (d) of paragraph
1, a data provider provides a value that is not specified in this Regulation, that value and its
definition shall be made available in a register.

4) Attributes or association roles of spatial object types or data types whose type is a code list may
only take values that are allowed according to the specification of the code list.

Article 6(4) obliges data providers to use only values that are allowed according to the specification of the

code list. T h ewedi\aluds according to the specification of the code listo ar e t he ¥yl ues
defined in the IRs plus (in the case of code lists of type (b), (c) and (d)) additional values defined by data
providers.

For attributes whose type is a code list of type (b), (c) or (d) data providers may use additional values that
are not defined in the IRs. Article 6(3) requires that such additional values and their definition be made
available in a register. This enables users of the data to look up the meaning of the additional values used
in a data set, and also facilitates the re-use of additional values by other data providers (potentially across
Member States).

NOTEGuidelines for setting up registers for additional values and how to register additional values in
these registers is still an open discussion point between Member States and the Commission.

5.2.4.3. Recommended code list values

For code lists of type (b), (c) and (d), this data specification may propose additional values as a
recommendation (in a dedicated Annex). These values will be included in the INSPIRE code list register.
This will facilitate and encourage the usage of the recommended values by data providers since the
obligation to make additional values defined by data providers available in a register (see section 5.2.4.2)
is already met.

: Recommendation 4 Where these Technical Guidelines recommend values for a code list in
] addition to those specified in the IRs, these values should be used. ]

NOTE For some code lists of type (d), no values may be specified in these Technical Guidelines. In
these cases, any additional value defined by data providers may be used.

5.2.4.4. Governance

The following two types of code lists are distinguished in INSPIRE:

- Code lists that are governed by INSPIRE (INSPIRE-governed code lists). These code lists will be
managed centrally in the INSPIRE code list register. Change requests to these code lists (e.g. to
add, deprecate or supersede values) are processed and decided upon using the INSPIRE code list
registerd s meaaince workflows.

INSPIRE-governed code lists will be made available in the INSPIRE code list register at
http://inspire.ec.europa.eu/codelist/<CodeListName>. They will be available in SKOS/RDF, XML
and HTML. The maintenance will follow the procedures defined in ISO 19135. This means that the
only allowed changes to a code list are the addition, deprecation or supersession of values, i.e. no
value will ever be deleted, but only receive different statuses (valid, deprecated, superseded).
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Identifiers for values of INSPIRE-governed code lists are constructed using the pattern
http://inspire.ec.europa.eu/codelist/<CodeListName>/<value>.

- Code lists that are governed by an organisation outside of INSPIRE (externally governed code
lists). These code lists are managed by an organisation outside of INSPIRE, e.g. the World
Meteorological Organization (WMO) or the World Health Organization (WHO). Change requests to
these code lists follow the maintenance workflows defined by the maintaining organisations. Note
that in some cases, no such workflows may be formally defined.

Since the updates of externally governed code lists is outside the control of INSPIRE, the IRs and
these Technical Guidelines reference a specific version for such code lists.

The tables describing externally governed code lists in this section contain the following columns:

- The Governance column describes the external organisation that is responsible for
maintaining the code list.

- The Source column specifies a citation for the authoritative source for the values of the code
list. For code lists, whose values are mandated in the IRs, this citation should include the
version of the code list used in INSPIRE. The version can be specified using a version
number or the publication date. For code list values recommended in these Technical
Guidel i nes, the citation may refer to the Al atest

- In some cases, for INSPIRE only a subset of an externally governed code list is relevant.
The subset is specified using the Subset column.

- The Availability column specifies from where (e.g. URL) the values of the externally
governed code list are available, and in which formats. Formats can include machine-
readable (e.g. SKOS/RDF, XML) or human-readable (e.g. HTML, PDF) ones.

Code list values are encoded using http URIs and labels. Rules for generating these URIs and
labels are specified in a separate table.

Recommendation 5 The http URIs and labels used for encoding code list values should be taken
from the INSPIRE code list registry for INSPIRE-governed code lists and
generated according to the relevant rules specified for externally governed
code lists.

NOTE Where practicable, the INSPIRE code list register could also provide http URIs and labels for
externally governed code lists.

5.2.45. Vocabulary

For each code |ist, a tagged value called fAvioesafbul ary
the code list. For INSPIRE-governed code lists and externally governed code lists that do not have a
persistent identifier, the URI is constructed following the pattern

http://inspire.ec.europa.eu/codelist/<UpperCamelCaseName>.

If the value is missing or empty, this indicates an empty code list. If no sub-classes are defined for this
empty code list, this means that any code list may be used that meets the given definition.

An empty code list may also be used as a super-class for a number of specific code lists whose values
may be used to specify the attribute value. If the sub-classes specified in the model represent all valid
extensions to the empty code list, the subtyping relationship is qualified with the standard UML constraint
"{complete,disjoint}".

5.2.5 Identifier management
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IR Requirement
Article 9
Identifier Management

1. The data type Identifier defined in Section 2.1 of Annex | shall be used as a type for the external
object identifier of a spatial object.

2. The external object identifier for the unique identification of spatial objects shall not be changed
during the life-cycle of a spatial object.

NOTE 1 An external object identifier is a unique object identifier which is published by the responsible
body, which may be used by external applications to reference the spatial object. [DS-D2.5]

NOTE 2 Article 9(1) is implemented in each application schema by including the attribute inspireld of
type Identifier.

NOTE 3 Article 9(2) is ensured if the namespace and localld attributes of the Identifier remains the same
for different versions of a spatial object; the version attribute can of course change.

5.2.6 Geometry representation

IR Requirement
Article 12
Other Requirements & Rules

1. The value domain of spatial properties defined in this Regulation shall be restricted to the Simple
Feature spatial schema as defined in Herring, John R. (ed.), OpenGIS® Implementation Standard
for Geographic information i Simple feature access i Part 1: Common architecture, version 1.2.1,
Open Geospatial Consortium, 2011, unless specified otherwise for a specific spatial data theme or

type.

NOTE 1 The specification restricts the spatial schema to 0-, 1-, 2-, and 2.5-dimensional geometries
where all curve interpolations are linear and surface interpolations are performed by triangles.

NOTE 2 The topological relations of two spatial objects based on their specific geometry and topology
properties can in principle be investigated by invoking the operations of the types defined in ISO 19107
(or the methods specified in EN ISO 19125-1).

5.2.7 Temporality representation

The application schema(s) wuse(s) the derived attributes "beginLifespanVersion" and
"endLifespanVersion" to record the lifespan of a spatial object.

The attributes "beginLifespanVersion" specifies the date and time at which this version of the spatial
object was inserted or changed in the spatial data set. The attribute "endLifespanVersion" specifies the
date and time at which this version of the spatial object was superseded or retired in the spatial data set.

NOTE 1 The attributes specify the beginning of the lifespan of the version in the spatial data set itself,
which is different from the temporal characteristics of the real-world phenomenon described by the spatial
object. This lifespan information, if available, supports mainly two requirements: First, knowledge about
the spatial data set content at a specific time; second, knowledge about changes to a data set in a
specific time frame. The lifespan information should be as detailed as in the data set (i.e., if the lifespan
information in the data set includes seconds, the seconds should be represented in data published in
INSPIRE) and include time zone information.
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NOTE 2 Changes to the attribute "endLifespanVersion" does not trigger a change in the attribute
"beginLifespanVersion".

IR Requirement
Article 10
Life-cycle of Spatial Objects

(€)

3. Where the attributes beginLifespanVersion and endLifespanVersion are used, the value of
endLifespanVersion shall not be before the value of beginLifespanVersion.

NOTE The requirement expressed in the IR Requirement above will be included as constraints in the
UML data models of all themes.

: Recommendation 6 If life-cycle information is not maintained as part of the spatial data set, all :
] spatial objects belonging to this data set should provide a void value with a *
g reason of "unpopulated". -

5.2.7.1. Validity of the real-world phenomena

The application schema(s) use(s) the attributes "validFrom" and "validTo" to record the validity of the real-
world phenomenon represented by a spatial object.

The attributes "validFrom" specifies the date and time at which the real-world phenomenon became valid
in the real world. The attribute "validTo" specifies the date and time at which the real-world phenomenon
is no longer valid in the real world.

Specific application schemas may give exampiwerk
phenomenon represented by a spatial object.

IR Requirement
Article 12
Other Requirements & Rules

(é)

3. Where the attributes validFrom and validTo are used, the value of validTo shall not be before the
value of validFrom.

NOTE The requirement expressed in the IR Requirement above will be included as constraints in the
UML data models of all themes.

5.2.8 Coverages

Coverage functions are used to describe characteristics of real-world phenomena that vary over space
and/or time. Typical examples are temperature, elevation, precipitation, imagery. A coverage contains a
set of such values, each associated with one of the elements in a spatial, temporal or spatio-temporal
domain. Typical spatial domains are point sets (e.g. sensor locations), curve sets (e.g. isolines), grids
(e.g. orthoimages, elevation models), etc.

what
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In INSPIRE application schemas, coverage functions are defined as properties of spatial object types
where the type of the property value is a realisation of one of the types specified in ISO 19123.

To improve alignment with coverage standards on the implementation level (e.g. ISO 19136 and the OGC
Web Coverage Service) and to improve the cross-theme harmonisation on the use of coverages in
INSPIRE, an application schema for coverage types is included in the Generic Conceptual Model in 9.9.4.
This application schema contains the following coverage types:

- RectifiedGridCoverage: coverage whose domain consists of a rectified grid i a grid for which there
is an affine transformation between the grid coordinates and the coordinates of a coordinate
reference system (see Figure 3, left).

- ReferenceableGridCoverage: coverage whose domain consists of a referenceable grid i a grid
associated with a transformation that can be used to convert grid coordinate values to values of
coordinates referenced to a coordinate reference system (see Figure 3, right).

In addition, some themes make reference to the types TimeValuePair and Timeseries defined in Taylor,
Peter (ed.), OGC® WaterML 2.0: Part 1 i Timeseries, v2.0.0, Open Geospatial Consortium, 2012. These
provide a representation of the time instant/value pairs, i.e. time series (see Figure 4).

Where possible, only these coverage types (or a subtype thereof) are used in INSPIRE application
schemas.
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5.3 Application schemas for Land Cover

5.3.1 Description

5.3.1.1. Narrative description
5.3.1.1.1. Background

The following section is a narrative description of the INSPIRE Land Cover Data Model using ordinary
language and simple diagrammatic illustrations instead of UML. These illustrations and the accompanying
text are informal. The purpose is partly to explain the model, partly to assist readers who find UML
diagrams difficult to interpret.

Land cover data provides a description of the surface of the earth by its (bio-) physical characteristics.

In the real world, this surface is populated with physical landscape elements (e.g. buildings, roads, trees,
plants, water bodies etc.). Many of these elements are themselves spatial features and represented as
such by other INSPIRE themes. The physical characteristics of the landscape elements combine to form
the land cover of an area. Land cover is in this sense an abstraction and should be perceived as a
surface characteristic rather than a collection of features. Mapping and description of land cover is
therefore also different from the mapping of the individual landscape elements.

The conceptual starting point of the | NSPUdRHbiod)and ¢
physical surface of the earth. The surveying, mapping and monitoring of this surface is organized through

land cover survey initiatives. A land cover survey initiative is an activity, usually a long-lasting program,

carried out by a mandated organization. Examples of land cover survey initiatives are the CORINE Land

Cover program (CLC) implemented by the European Environmental Agency (EEA) and the LUCAS area

frame survey implemented by Eurostat. Many Member States and regional authorities also conduct land

cover survey initiatives serving national and regional needs for land cover information and land
monitoring. The assortment of survey initiatives show that land cover can be described, classified and

mapped in many different ways, justified by a multitude of applications and user requirements.

LC survey initiatives Other mapping initiatives

Figure 5: Mapping and surveying of land cover is done through land cover survey initiatives. This
is different from the mapping of the individual landscape elements.

Land cover survey initiatives provide a link between other aspects of the model: The real world, users,
documentation and dat a. The fAuserso are the institut
information about the land cover, thereby justifying the effort of carrying out a land cover survey.
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”The eart s’ biowh—vs»md—-sq(fa»ce”_‘

: Land Cover
Documentation ey Users
Survey Initiative

Land Cover Data

Figure 6 : A land cover survey initiative is the framework for land cover mapping, linking the
activity to users, documentation and the actual data that are produced.

5.3.1.1.2. Mapping strategies

By far, the most common mapping strategy employed by land cover mapping initiatives is classification.

The earthos surface is subdivided into a set of

cover, and a land cover class (or several if mosaics are allowed) is assigned to each unit.

An alternative strategy is attribution. The land cover unit is in this case described by various attributes
providing relevant information about the land cover situation. Examples are the number of buildings or
length of paved roads. Attribution is not often used in combination with classification.

The third strategy is parameterization. This strategy emphasizes one particular aspect of the land cover
(e.g. soil sealing or grass coverage), describing this aspect as a parameter. The land cover units for
parameterization are usually, but not necessarily, raster cells. The pan-European GMES High Resolution
Layers have been created as a result of this strategy.

The current development in land cover mapping and monitoring, at least at the pan-European level, is a
movement towards integration of these three strategies. Land cover units created by classification are
populated with auxiliary information drawn from secondary data sources, which in turn may be created as
a result of the parametric approach. The GMES High Resolution Layers are examples of parametric data
sources used to populate (by attribution) the units of the CORINE Land Cover dataset, itself a product of
classification.

5.3.1.1.3. Land cover documentation and code lists

Documentation is the collection of technical documents that describe the data collection methods,
definitions, rules for measurement and classification, and other relevant issues explaining the content of
the land cover survey. An example is the technical documentation of CORINE Land Cover. The
documentation is usually available as text documents, containing indispensable background information
required for proper use of the data.

One particularly important part of the documentation is a code list of the land cover nomenclature. This
code list is included in the core model and therefore mandatory in INSPIRE. The code list can have any
format found appropriate by the data provider. The primary use of a code list is to check that a code found
in a land cover data set is valid, and to use the code list as a lookup table to find the textual legend
associated with a code. Multi-lingual code lists are recommended in order to support the reuse of data
across Europe. Introducing portrayal rules (eg RGB codes) in the code list will promote visual
harmonization.
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I Documentation
Definitions
; Land Cover
Instructions S
Survey Initiative

Nomenclature

Code list

Figure 7 : The documentation of a land cover survey initiative consists of definitions (possibly
including a classification system), survey instructions and a nomenclature. The nomenclature
should be expressed as a code list and made available in INSPIRE.




Reference: D2.8.11.2_v3.0

Page 21

2013-12-10

Data Specification on Land Cover

INSPIRE
TWG-LC

00 iRy Sakadgs

$3103d5 L34SV ILSHQTS

Usalg :adhL+

ALINITYS E3L5H

SO Sy BIEIS[Elad+
01507 PUBe BAUBISE Bl

NOLLYTEYA 10073

63B}ING 6ROy U0fIS0g+
bupuzg saneuigs
Alojepuey :adf| sduselgs

AQO ¥3LYM

0oL Ug+
iojepuzpy :adk | 30U95aId+

+30VUNS JILOIEY

19348% L8074

+ N¥3LLYd TYLNOZIHOH

NOILY1393A Q39HNYA ONY Q2LYALTND

flopepuey :adf] aauasalgs

NI

0:doL ugs
euoydo ‘edi] ausselqs

VNOILY1393A

Figure 8 : Description of CORINE Land Cover class 213 Rice field using ISO 19144-2 Land Cover

Meta Language (LCML).



INSPIRE Reference: D2.8.11.2_v3.0

TWG-LC Data Specification on Land Cover 2013-12-10 Page 22

Documentation interpretable by computers, allowing applications to convert data between different
classification systems automatically help to improve interoperability. This level of harmonization is outside
the scope of INSPIRE. Consequently, the data specification does not require machine-readable code
lists. It is still recommended to establish machine-readable documentation. It is also recommended to
include portrayal rules and a formal definition of the codes. The formal description can either be done by
using the Land Cover Meta Language (LCML) defined by ISO standard (ISO 19144-2) or by using a
Feature Catalogue as described in 1ISO 19109 and 19110 (Geographic information - Rules for application
schema & Methodology for feature cataloguing).

5.3.1.1.4. Geometry

The data produced by a land cover survey initiative consists of one or more land cover datasets. A land
cover dataset is simply a collection of observation units where the land cover has been observed and
measured. These observation units are called land cover units in the data specification.

Conceptually, the geometry of a land cover dataset is a partition (in a mathematical sense) of the earth
surface and should therefore be represented as a coverage (ISO 19123). The experience is, however,
that the land cover mapping community is unable to handle coverage structures. Simple feature points
and polygons together with raster structures are therefore, as a pragmatic alternative, used as the
geometrical representation of land cover units in this data specification.

Theland cover wunit is the Ageometry of a |l and cover ob
is classified, it implies that a land cover observation is carried out, and the geometry of this observation is

the polygon which the observation is attached to. When the field surveyors determine the land cover at a

LUCAS survey point they make an observation, and the geometry of this observation is the point. Land

cover units are thus the geometrical building blocks of the land cover data specification.

Polygons are included in the model because many land cover mapping initiatives are using this
representation. Most notable is the pan-European CORINE Land Cover program. Points are included in
the model because this is an observation method used in statistical surveys of land cover. An example is
the LUCAS area frame survey conducted by Eurostat. Finally, the data model includes raster as geometry
in order to allow representation of the GMES High Resolution Layers at the pan-European level and land
cover data developed from satellite imagery at the national level.

Due to the use of simple feature polygons in the data model, the specification also introduces certain
geometrical restrictions: Polygons are not allowed to overlap and gaps must be controlled. Controlled
gaps imply that the user must be able to distinguish between areas where information is unavailable (eg
due to cloud cover in aerial photographs) and areas not covered by the mapping initiative.

The land cover of a land cover unit is observed on a particular observation date. The observation date is
the acquisition date of the aerial photo or satellite image in cases where remote sensing is the
observation method. For field surveys, the observation date is the date of the visit in the field. Each land
cover unit can be observed several times (e.g. sample points visited every year). This is represented in
the core data model by allowing several observed situations to be assigned to each land cover unit. There
is no limit to how many temporal situations that can be attached to each land cover unit in order to
represent a sequence of changes.

The geometry of a particular land cover dataset is static. It does not change. A change in the geometry,
created because a polygon is split or because two polygons are merged, must be represented by a new
land cover dataset. Spatial data management, and therefore also the business model for management of
changes in data set geometry, is the responsibility of the data owner.

The recommended strategies for representing land cover change are (a) to use a fixed geometry and

change only the land cover code from one observation date to another; (b) to delineate land cover change
features (which are valid only between two reference dates) ; or (c) to use sample points.

The data model
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The core model (see also figure above) proposed for the INSPIRE implementing rules represents a land
cover data set consisting of a collection of land cover units. The land cover unit can be a point, a polygon
or a raster cell. The land cover data set is also associated with a code list with legal land cover codes and
their names (e.g. the CORINE Land Cover code list). A land cover code from the code list is assigned to
each land cover unit.

The core model furthermore allows several codes to be assigned to each land cover unit (in order to

repr esent mosaics) . It is al so, in this case, possible
mosaic. Finally, the core model allows the observation to be attached to an observation date, and several
observation dates to be attached to each land cover unit. The observation date is included because it

provides important metadata at the observation level and also because it allows representation of land

cover change.

The data specification does not prescribe or recommend any particular land cover nomenclature for use
in INSPIRE. There is a multitude of different ways to describe land cover. This is partly due to the wide
range of aspects of the environment embraced by land cover, but also due to the many different uses of
land cover data. There is only one "real world" but many different descriptions of this world depending on
the aims, methodology and terminology of the observer. It is therefore a misguided approach to enforce a
single classification system as the common classification system for Europe.

The approach taken by this data specification is instead to allow several different land cover
nomenclatures to coexist in the context of INSPIRE. The owners of the various code lists are, however,
encouraged to document their code lists by using the upcoming ISO standard 19144-2 Land Cover Meta
Language or by using a feature catalogue (ISO 19109 and 19110) and provide access to this
documentation through a web link for interoperability.

The extended data model, included in the data specification as an informative annex, provides
mechanisms for attribution of the land cover units, parameterization and for use of multiple
nomenclatures. Since the core model is a subset of the extended model, data providers implementing the
extended model are also implicitly INSPIRE compliant.
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Land cover unit

Observed situation
* Observation date

Land cover
+ Code
+ Covered percentage

Land cover unit

Observed situation
* Observation date

Land cover nomenclature
+ Code listident

Land cover
+ Code
» Covered percentage

Land cover parameter
+ Value

Figure 9 : Land cover description. Core model (top) and extended model (bottom)

5.3.1.2. UML Overview

To represent all the information presented in the narrative description above, Land Cover data shall be
modeled through one of the two core applications schemas presented in Figure 10:
- LandCoverVector defines a vector representation (i.e. points or surfaces) to support Land
Cover data.
- LandCoverRaster defines a raster representation to support Land Cover data.
These two application schemas build the Core of the LC model. They are separated for technical reason
but support bacically the same needs and use cases. Only two differences are made for technical
reasons (for implementation) :
- only one classification code is allowed per raster cell for the raster representation (multiple codes
are allowed in the vector representation in order to follow LC changes).
- no mosaic description allowed for the raster representation.




INSPIRE
TWG-LC

Reference: D2.8.11.2_v3.0

Data Specification on Land Cover 2013-12-10 Page 25

pkg Land Cover AS Struct... /

«applicationSchemax» «applicationSchemax»

LandCoverCoreVector LandCoverCoreRaster

+ LandCoverClassValue + LandCoverGridCowerage

+ LandCoverDataset + LandCoverNomenclature

+ LandCoverObservation

=] + LandCoverUnit

+ LandCoverNomenclature

+ LandCoverValue

Figure 107 UML package diagram: Overview of the structure defined for mandatory Land Cover
Application Schemas

As described before, these two models are independent and support two different Land Cover data
representations. To implement INSPIRE LC specification, one of those shall be chosen:

Data compliant with this data specification shall implement LandCoverVector or
LandCoverRaster application schema.

Land Cover data are covered by an ISO Standard (ISO 19144-17 Classification Systems) which is

based on ISO 19123 - Coverages. In ISO 19144-1, Land Cover data are represented by a set of non-
overlapping polygons modeled by the class CL_ClassifiedSurface (subtype of a
CV_DiscreteSurfaceCoverage). This approach was initially recommended by the Thematic Working
Group but due to technical difficulties to implement coverages, it was decided to represent Land Cover
data in INSPIRE with separate vector and raster representations, closer to CORINE and other available
datasets. From a conceptual point of view, the LandCoverVector application schema (with geometries

restricted to surfaces) supports the same information as provided by a coverage model based on ISO
19144-1.

A third application schema is also included in this specification: LandCoverExtended. This application
schema defines extensions on the LandCoverVector model to support additional use cases. This

application schema makes it possible to support more than one nomenclature and also to use parameters
to describe Land Cover.

pkg Land Cover AS Struct... /

«applicationSchema»
Land CoverExtended

+ LandCowerExtendedDataSet

+ LandCowerExtendedObservation
+ LandCowerExtendedUnit

+ CountableParameter

+ ParameterType

+ PercentageParameter

+ PresenceParameter
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: Overview of the Extended Land Cover Application Schemas
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5.4 Application schema LandCoverNomenclature

5.4.1 Description

5.4.1.1. Narrative description

This application schema defines common components used by LandCoverVector and LandCoverRaster
applciations schemas.

5.4.1.2. UML Overview

This application is based on ISO standards and the Generic Conceptual Model developed by INSPIRE to
share common concepts:
- 1SO 19144-2 for defining nomenclature with the LCML language.
- General Conceptual Model 7 Base Types for INSPIRE identifier and other common shared
concepts.

Figure 121 UML package diagram: LandCoverVector dependencies

This application schema contains five UML classes:
- LandCoverClassValue
- LandCoverNomenclature

NOTE : CorineValue represents Corine nomenclature as an example of LandCoverClassValue codelist.

54.1.2.1. LandCoverNomenclature

A LandCoverNomenclature specifies information provided for correct understanding and interpretation of
the classification codes contained in the data set.













































































































































































































































































































































































































































































































