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Foreword
How to read the document?

This document describesthe il NSPI RE dat a <£lewton if TechaidaliGoun deer version s 0

3.0 as developed by the Thematic Working Group (TWG) Elevation using both natural and a conceptual
schema language.

The data specification is based on a common templatel used for all data specifications, which has been
harmonised using the experience from the development of the Annex I, Il and Ill 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 Elevation 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 Elevation, 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 wil |l be pphpbecby avadbebkl|l eoasrapol
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 templ ate is available in
specifications web page at 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, lll 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 Ainteropera
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 Groups6 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’.

% For all 34 Annex LIl 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 have been composed of experts from Austria, Australia, Belgium,
Bulgaria, Czech Republic, Denmark, Finland, France, Germany, Hungary, Ireland, Italy, Latvia,
Netherlands, Norway, Poland, Romania, Slovakia, Spain, Slovenia, Sweden, Switzerland, Turkey, UK,
the European Environment Agency and the European Commission.

" For Annex lI+l11, the consultation and testing phase lasted from 20 June to 21 October 2011.


http://inspire.jrc.ec.europa.eu/index.cfm/pageid/42

INSPIRE Reference: D2.8.11.1_v3.0

TWG-EL Data Specification on Elevation 2013-12-10 Page IV

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.

i1 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 (1ISO
19136) as the default encoding for INSPIRE.

I The Guidelines for the use of Observations & Measurements and Sensor Web Enablement-
related standards in INSPIRE Annex Il and lll data specification development provides
guidelineson howthefi Obs er vat i ons a osanddrd @SOU9186neto e sised
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 onthe il SO 19131 Geogr a-pbDatac i nf
product specificationso standar d. Th e pplicationcsthenthethet he t e
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™.

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

® Commission Regulation (EU) No 1089/2010 implementing Directive 2007/2/EC of the European

Parliament and of the Council as regards interoperability 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 iFr
sg)ecifications web page at http://inspire.jrc.ec.europa.eu/index.cfm/pageid/2

YUML T Unified Modelling Language

' Conceptual models related to specific areas (e.g. INSPIRE themes)


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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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.

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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Elevation i Executive Summary

The Elevation of a terrain surface, whether land based or bathymetric in nature, is one of the most
i mportant descri pt or gy. Becogrisimegthespecific o that elevatipnhmay ptay in
engineering and spatial analysis, the related data theme has been included in Annex Il of INSPIRE. The
Elevation data theme includes digital elevation models for land, ice and ocean surfaces both for terrestrial
elevation and bathymetry, as well as shorelines.

Elevation data is being used in a wide range of applications like civil engineering, Earth science
applications (especially flood mapping), planning and resource management, surveying and
photogrammetry (in particular orthoimagery) and defence, which is reflected in the use-cases governing
the data specification process.

The main purpose of a Digital Elevation Model is to provide an elevation property with reference to a
specified origin (vertical reference or datum). This property may be height (when the value is measured
opposite to the gravity field of the Earth) or depth (when the value is measured in the direction of the
gravity field). Therefore they share the basic modelling concepts. Integrated land-sea models may be
provided using either a height or depth property referenced to a known vertical reference. When an
elevation property describes the bare surface of the land or sea floor the related model is called Digital
Terrain Model (DTM). When an elevation property includes the heights of the objects present on the
surface (e.g. vegetation, man-made objects) the related model is referred as Digital Surface Model
(DSM). The INSPIRE data model permits the description of both options. In all cases, only one elevation
value is included for each planimetric position (2.5-D modelling).

In the case of the vector model, this data specification allows the use of 2-D or 2.5-D geometries. In the
first case the vertical component of the coordinates are given as an attribute of a two dimensional spatial
object, while in the second all the points in the elevation data set are expressed using three coordinates,
where the elevation value is assigned to the (third) Z coordinate.

In line with existing technologies three spatial representation methods have been offered: grid, of
mandatory provision, as well as vector and triangulated irregular network (TIN), of optional provision.
Each of them is described in a separate package. In addition, generic modelling elements, such as
enumerations and generic utilities (data types) are included in the base types application schema.

The Elevation data specification includes the widely used grid representation, which is based on a
coverage geometry, indicating elevation values at the points of a rectified grid. For Pan-European and
cross-border purposes the data specification recommends the provision of elevation data using a theme-
specific common grid based on ETRS89 geodetic coordinates (shared with the Orthoimagery data
specifications), while using real time re-projection for display through view services.

The vector model consists of land elevation and bathymetry elements in the form of spot elevations,
contour lines, as well as break lines. These elements are well known from topographical maps or nautical
charts. The model supports the provision of all attributes and classifications that are required by the
selected use-cases. It should be noted that the shoreline spatial object has been specified in the Sea
Regions data specification and not in the Elevation as it was foreseen by the Directive.

The other alternative spatial representation form specified in INSPIRE is the TIN, where a collection of
geometries (control points, break lines and stop lines) representing the terrain are collected together. The
collection may be used later on to calculate a surface following the rules of any triangulation method (e.g.
Delaunay).

As stated in the Commission Regulation (EU) No 1089/2010, on interoperability of spatial data sets and
services, the European Vertical Reference System (EVRS) shall be used to express gravity-related
heights for the vertical component on land, within its geographical scope (continental Europe). Outside
the geographical scope of EVRS (e.g. overseas territories), other vertical reference systems related to the
Earth gravity field shall be used, which shall be defined and documented according to EN ISO 19111 and
ISO 19127 by the Member State concerned. The Earth Gravitational Model (EGM Version 2008) is
recommended in that cases.
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Interoperability is further supported by harmonised metadata elements, recommendations for data quality,
and agreed encoding to facilitate data exchange. The default encoding is GML. Gridded land-based and
bathymetry elevation data is encoded using a GML Coverage. For the former, (land) the elevation values
may alternatively be provided using external files in TIFF format. For the latter, (bathymetry) a file
according to the BAG standard format of the International Hydrographic Organisation may be used
optionally as an external file to provide the values. Only those compression methods are valid that do not
lead to data loss. TIN data shall be encoded using GML TIN of the OpenGIS consortium. For supporting
INSPIRE view services, default and alternative portrayal styles have been defined.

The main value of the INSPIRE Elevation data specification stands in the conceptually homogenous
approaches to land elevation and bathymetry, as well as in the integrated presentation of different spatial
representation forms. This is expected to underpin the exchange of all datasets in use in an interoperable
way.
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1 Scope

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

2.2 Informal description

Definition:
Digital elevation models for land, ice and ocean surface. Includes terrestrial elevation, bathymetry and
shoreline. [Directive 2007/2/EC]

Description:
Data content

The theme Elevation describes digital models for describing land, ice and ocean surfaces in terms of
absolute gravity-related terrestrial elevation information (heights) and bathymetry data (depths).

It is further described as follows, based on the preliminary content from the INSPIRE Feature Concept
Dictionary which has been adapted by the TWG:

iThe theme includes:
I Terrestrial elevation (namely land-elevation), represented as:
- Digital Terrain Models (DTM) describing the three-d i mensi on al shapefacf t he
(ground surface topography).

- Digital Surface Models (DSM) specifying the three dimensional geometry of every feature on
the ground, for example vegetation, buildings and bridges.

1 Bathymetry data, e.g. a gridded sea floor model
[Adapted from INSPIRE Feature Concept Dictionary]

The data model incorporated in this specification is aimed at describing the three-dimensional shape of
the Eart hds sur fHEeavaien properties, eithen beiglat br ddpth.e

Both properties are constrained to the physical vertical dimension, measured along the plumb lines from a
well defined surface, such as a geoid or a well-defined water level.

Scope

Land-elevation and bathymetry are included in the scope of this specification as end-product data sets,
regardless of the processes and measurements from which this information has been captured.
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There are no limits in the geographical scope of bathymetry data. The description of the floor of the sea
and inland standing water bodies, as well as the bed of navigable rivers, is possible using the model
provided in this document.

This specification recognizes the importance of supporting the provision of integrated models describing a
continuous surface for land and submerged areas (e.g. an integrated land-sea model). Hence, this
specification allows also the description of this kind of model.

Only modelling of surfaces (Digital Terrain Models and Digital Surface Models) in 2.5-D is supported.

The shoreline feature (considered as part of the Elevation theme as stated in the INSPIRE Directive) is
not considered as an Elevation object, but as a feature which may be sometimes a useful reference for
Elevation data mapping. Hence, the shoreline feature is defined in the INSPIRE Data Specification on
Sea Regions (as the CoastLine spatial object) attending to physical properties and it is not included in this
specification.

Spatial extent
This INSPIRE data specification covers spatial data sets which relate to an area where a Member State
has and/or exercises jurisdictional rights.

Spatial resolution

No specific restrictions on spatial resolution are established in this specification for the Elevation theme.
According to the INSPIRE Directive every dataset is within the scope of the specification
regardless of its level of detail / resolution. This is reinforced by the heterogeneity of data sources from

which existing Elevation data is derived across Europe as well as the wide range of relevant use cases to
be served.

All levels of resolution are therefore affected: the European level, the National level, the Regional level
and the Local level.

Spatial representation types

Vector spatial objects and Digital Elevation Models (DTM and DSM), either in terms of Grid coverages
and/or TIN structures, are supported by this specification. All these types of data may form part of an
INSPIRE Elevation data set.

The provision of grid data is mandatory for land elevation, whereas provision of vector and TIN data is
recommended (optional).

In the case of bathymetry, either grid or vector data shall be provided.

Purpose

INSPIRE Elevation data specification consists of a set of conceptually homogenous approaches to land
elevation and bathymetry, as well as of an integrated presentation of different spatial representation forms
which are relevant to this kind of information. This all is mainly expected to underpin exchanging all
existing European data sets in an interoperable way.

Use cases and Applications

A selection of relevant use cases where Elevation data is needed have been identified in this
specification, as examples to extract data requirements:
1 Flood mapping

9 Orthoimagery production

1 Elevation mapping
1 Maintenance of fairways

These are documented in detail in Annex B.1 of this document. Annex B.2 includes examples of
additional applications.
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Definition:
Digital elevation models for land, ice and ocean surface. Includes terrestrial elevation, bathymetry and
shoreline. [Directive 2007/2/EC]

Description:
The Elevation of a terrain surface, whether land based or bathymetric in nature described the Earth's

morphology. The Elevation data theme includes digital elevation models for land, ice and ocean surfaces
both for terrestrial elevation and bathymetry, as well as shorelines.

The main purpose of a Digital Elevation Model is to provide an elevation property with reference to a
specified origin (vertical reference or datum). This property may be height (when the value is measured
opposite to the gravity field of the Earth) or depth (when the value is measured in the direction of the
gravity field). In line with existing technologies three spatial representation methods have been provided:
grid, vector and triangulated irregular network (TIN). Regarding provision of data, the grid spatial
representation type is mandatory for the description of land elevation, whereas the other ones are
optional. Finally, either the grid or the vector spatial representation type is mandatory for the provision of
data describing the bathymetry, whereas the other ones are optional.

Entry in the INSPIRE registry: http://inspire.ec.europa.eu/theme/el/
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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 19108] EN ISO 19108:2005, Geographic Information i Temporal Schema

[1SO 19108-c] ISO 19108:2002/Cor 1:2006, Geographic Information i 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 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 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
[ISO 19139] ISO/TS 19139:2007, Geographic information i Metadata i XML schema implementation
[ISO 19157] ISO/DIS 19157, Geographic information T 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 1SO 19125-1:2004, Geographic information i Simple
feature access i Part 1: Common architecture”. A revision of the EN ISO standard has been proposed.

[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
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2.4 Terms and definitions

General terms and definitions helpful for understanding the INSPIRE data specification documents are
defined in the INSPIRE Glossaryl3.

Specifically, for the theme Elevation, the following terms are defined:

® The INSPIRE Glossary is available from http://inspire-registry.jrc.ec.europa.eu/registers/GLOSSARY
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(1) 2-D
Two dimensional coordinate space (A?), where the coordinate dimension is 2.

EXAMPLE X andY dimensions.

NOTE In 2-D representation the elevation property is included as an attribute value of the spatial
object (vector representation).

(2) 2.5-D
Two dimensional coordinate space (Az), where the elevation property is represented by an additional
third coordinate (z).

NOTE 1 Contrary to true 3-D representations coordinate z is not part of the data structure. 2.5-D
representation can be used for calculating surfaces, but cannot be used for calculating volumes.

NOTE 2 From a mathematical point of view 2.5-D elevation models are such functions f(x y) where
every point P(x y) is uniquely associated with an object f(x y)=z. Therefore, terrain forms such as
overhangs cannot be modelled, since one planar position can be associated with one and only one
elevation property value.

(3) Coordinate dimension
Number of measurements or axes needed to describe a position in a coordinate system [ISO 19107].

NOTE A" is an n-Dimensional coordinate space, where n may be any integer.

(4) Coverage
Spatial object that acts as a function to return values from its range for any direct position within its
spatial, temporal or spatiotemporal domain [INSPIRE glossary].

NOTE In other words, a coverage is a feature that has multiple values for each attribute type, where
each direct position within the geometric representation of the feature has a single value for each attribute
type. An elevation property may be one of these attribute types.

(5) Depth
Elevation property measured along a plumb line in a direction coincident to Earth's gravity field
(downwards).

NOTE This definition intentionally avoids making reference to complex geodetic terms. It is only
intended to specify the direction in which the elevation property has been measured.

(6) Digital Elevation Model

Digital Surface Model (DSM) or Digital Terrain Model (DTM).

EXAMPLE Digital Terrain Model, Digital Surface Model.

(7) Digital Surface Model

(DSM) Surface describing the three dimensional shape of the Earth's surface, including all static features
placed on it. Temporary phenomena do not form part of the surface, but due to the technical difficulties in
removing them some of these features may also be present in the surface.

EXAMPLE 1Vegetation, buildings and bridges are examples of static features.

EXAMPLE 2 Cars, trucks and other dynamic features are examples of temporary phenomena.
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NOTE 1 For DSM surfaces describing the floor of water bodies (e.g. the sea-floor) and those features
placed on it, the water bodies are not considered as part of the Earth's bare surface. Hence, they are
excluded from the DSM.

NOTE 2 For DSM surfaces in which any temporary phenomena have not been totally filtered and
excluded, the deviations must be explained in the metadata.

(8) Digital Terrain Model
(DTM) Surface describing the three dimensional shape of the Earth's bare surface, excluding as possible
any other features placed on it.

EXAMPLE Buildings, bridges or vegetation do not form part of a DTM.

NOTE 1 For DTM surfaces describing the floor of water bodies (e.g. the sea-floor), the water bodies
are not considered as part of the Earth's bare surface. Hence, they are excluded from the DTM.

NOTE 2 For DTM surfaces in which any features placed on the Earth's bare surface have not been
totally filtered and excluded, the deviations must be explained in the metadata.

(9) Direct position
Position described by a single set of coordinates within a coordinate reference system [ISO 19107].

(10) Domain
Well-defined set [ISO/TS 19103].

NOTE In the case of an elevation coverage, it is the well-defined set where a coverage is defined.
In other words, the locations where the elevation values are provided.

(11) Elevation
Vertically-constrained dimensional property of an spatial object consisting of an absolute measure
referenced to a well-defined surface which is commonly taken as origin.

EXAMPLE 1Height and depth are elevation properties.

EXAMPLE 2 A geoid or a water level are examples of surfaces taken as origin for elevation properties.
NOTE 1 The term, as used in this specification, integrates all absolute measures of dimensions
constrained to the vertical component, either having upward (height) or downward direction (depth). Other
interpretations of the term shall be avoided.

NOTE 2 The term does not include relative elevations of the spatial object referenced to other spatial
objects.

(12) Height

Elevation property measured along a plumb line in a direction opposite to Earth's gravity field (upwards).
NOTE This definition intentionally avoids making reference to complex geodetic terms. It is only intended

to specify the direction in which the elevation property has been measured.

(13) Range
(Coverage) Set of feature attribute values associated by a function with the elements of the domain of a
coverage [ISO 19123].
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NOTEIn the case of an elevation coverage, the range is the collection of elevation values, which are
known for the locations included within the domain.

(14) Simple feature
Feature (spatial object) with all geometric attributes described piecewise by straight line or planar
interpolation between sets of points [OGC 06-103r4].

2.5 Symbols and abbreviations

ASCII American Standard Code for Information Interchange
ATS Abstract Test Suite

CRS Coordinate Reference System

DEM Digital Elevation Model

DSM Digital Surface Model

DTM Digital Terrain Model

EC European Commission

EEA European Environmental Agency

EL Elevation.

EPSG European Petroleum Survey Group

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

EVRS European Vertical Reference System

GCM Generic Conceptual Model

GeoTIFF Geographic Tagged Image File Format

GML Geographic Markup Language

IHO International Hydrographic Organization

IR Implementing Rule

ISDSS Interoperability of Spatial Data Sets and Services
ISO International Organization for Standardization
ITRS International Terrestrial Reference System
JPEG Joint Photographic Experts Group

LAT Lowest Astronomical Tide

LAT Lowest Astronomical Tide

LMO Legally Mandated Organisation

MSL Mean Sea Level

OoCL Object Constraint Language

OGC Open Geospatial Consortium

RMSE Root Mean Square Error

RMSEH Horizontal Root Mean Square Error

RMSEP Root Mean Square Error of Planimetry
RMSEv Vertical Root Mean Square Error

SDIC Spatial Data Interest Community

SWE Sensor Web Enablement

TG Technical Guidance

TIFF Tagged Image File Format

TIN Triangulated Irregular Network

TWG Thematic Working Group

TWG-EL Thematic Working Group Elevation
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UML Unified Modelling Language

URI Uniform Resource Identifier

UTC Coordinated Universal Time

WCS Web Coverage Service

XML eXtensible Markup language
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2.6 How the Technical Guidance maps 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 Guidance document.
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 Guidance documents 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 Guidance. Implementing this technical guidance will maximise the interoperability of INSPIRE
spatial data sets.

INSPIRE
Implementing Imp!eme_ntmg
. Directive
Directive
2007/2/EC
“What Member States
must implement” INSPIRE
Implementing Rules
Commission for Metadata,
Regulation Network Services
Interoperability
Spatial data sets and abstract
legally binding services specification
not legally binding — implementation
) - INSPIRE specification
Technical Guidance . )
; Technical Guidance
Technical for the auidar
Guidance €.g. Data Specification

“How Member States
might implement it”

Implementation of
Discovery Services

Implementation
Requirements &
Recommendations

on Addresses

Implementation
Requirements &
Recommendations

Figure 1 - Relationship between INSPIRE Implementing Rules and Technical Guidance

2.6.1 Requirements

The purpose of this Technical Guidance (Data specifications on Elevation) is to provide practical
guidance for implementation that is guided by, and satisfies, the (legally binding) requirements included
for the spatial data theme Elevation 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, this Technical Guidance contains additional explanations and
examples.
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NOTE The Abstract Test Suite (ATS) in Annex A contains conformance tests that directly check
conformance with these IR requirements.

Furthermore, this Technical Guidance may propose a specific technical implementation for satisfying an
IR requirement. In such cases, this Technical Guidance 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
this Technical Guidance 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, this Technical Guidance 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 this Technical
Guidance 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 this

Technical Guidance 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/el/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
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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

511 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 Elevation are defined in the following application schemas:

- The ElevationBaseTypes application schema, which provides basic enumerations for the rest
application schemas of Elevation (Section 5.4).

- The ElevationGridCoverage application schema, which defines the model for Elevation data in the
grid spatial representation type (Section 5.5).

- The ElevationVectorElements application schema, which defines the model for Elevation data in
the vector spatial representation type (Section 5.6).

- The ElevationTIN application schema, which defines the model for Elevation data in the TIN spatial
representation type (Section 5.7).

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.

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
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il mported Typeso at the end of each application
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 Ill 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].

5.2 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 1

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
(é)
2. Typesthatareasub-t ype of another type shal.l al s o iation
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.

s C he

ude a
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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. 1SO 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 fivoiddo is not a concept supported by
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 17 Stereotypes (adapted from [DS-D2.5])
Model
element
applicationSchema | Package An INSPIRE application schema according to ISO 19109 and
the Generic Conceptual Model.

Stereotype Description

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

featureType Class A spatial object type.

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 i 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.

ocCL,
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Recommendation 1 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 ex
the sea |l evel 0o has not been i ncl ubjects, themtheacastrat as et
for a void value of this property woul d be 6 Un propprty Ireaeives dhis .valug toreall
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. However, a correct value may exi s t . For exampl e when the
water body abovefa tehain lakeehas not beere heasured, then the reason for a
void value of this property woul dytohhmse §pdtialkobjectesn 6 . T
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:
- 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:
- No initial 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 fromtheli st s specified for the enumer at{fon ty
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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.

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 2  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 list6 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 3  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
register6 s imeaance 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 Guidelines, the citation may refer to the
il atest avail able versiono.

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.
- 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.

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

- Vocabulary

- For each code I|ist, a tagged value call ed
the values of 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 humber 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}".

ivoca
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5.2.5 Consistency between spatial data sets
This section specifies generic consistency rules which are applicable to all Elevation application schemas.

As described in D2.6 A.18 there are three topic areas regarding consistency between spatial data sets,
these are:

- Coherence between spatial objects of the same theme at different levels of detail.

- Coherence between different spatial objects within the same area.

- Coherence at state boundaries.

Several of these topic areas affect the consistency of elevation data itself and the consistency of elevation

data when compared to data from other INSPIRE themes. Hence, both cases are described here
separately.

Self-consistency of elevation data

Elevation data in the different spatial representation types described in this specification should maintain
integrity and positional consistency, at least when coming from the same data provider. However, given
the current context of elevation data across Europe, it is not possible to establish achievable consistency
rules rather than those described in Section 10.

Consistency of elevation data with other themes

Elevation data is widely used as input data when performing spatial analyses or displaying data from
other themes (e.g. hydrography, transport networks, orthoimagery, cadastral parcels, sea regions, etc.)
for a wide variety of applications and purposes.

This requires a certain level of geometrical consistency so that all spatial objects being combined match
within the limits of their respective accuracy. Data integrity demands that this data should be spatially
consistent to ensure both a faithful representation of the real world and a professional appearance that
will fill the user with confidence.

This is perceived as achievable at least for data at the same level of detail (similar resolution). However, it
is not possible to identify relevant consistency rules.

5.2.6 Identifier management

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.
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5.2.7 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).

More information about the geometry representation is provided in the chapters describing the various
application schemas included in INSPIRE.

5.2.8 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.

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.
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Recommendation 4 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 *
reason of "unpopulated". .

A change of version should occur only when the elevation data is reprocessed using the same source
data, which is the typical case when errors or thematic inconsistencies has been detected in the data and
therefore it .

This data specification does not attach the notion of version to the real world objects or the geographic
areas covered by elevation data.

A new data acquisition process over a given area is considered rather a new observation than an update
(i.e. a new version).

IR Requirement
Annex lll, Section 1.7.1
External Object Identifiers of Elevation Data

(1) If elevation data is updated based on new source data, the updated objects shall receive a new
external object identifier.

5.2.9 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.

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 2, 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 2, 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 3).

Where possible, only these coverage types (or a subtype thereof) are used in INSPIRE application
schemas.
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Figure 21 Examples of a rectified grid (left) and a referenceable grid (right)
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Figure 31 Example of a time series
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5.3 Application schema Elevation

5.3.1 Description

53.1.1.
53.1.1.1.

Narrative description

Elevation properties: height and depth

The data models incorporated in this specification are aimed at desc
the Earthos

ribing the three-dimensional shape of

s uHlefation properties, eitbar meight ar fepth.

Both properties are constrained to the physical vertical dimension, measured along the plumb line from a

well defined surface, such as a geoid or a specific water level.

The orientation of the positive axis is opposite to the Earth's gravity f
(upwards) and coincident to the Earth's gravity field in the case
Hence, heights are positive above the surface taken as origin whe
show in the next figure.

ield in the case of the height property
of the depth property (downwards).
reas depths are positive below it, as

Landelevation subtheme

Land
Spotcelevation

Positive Height
(Negative Depth)

Vertical reference
levelc Datum

Positive Dept
(Negative Height)

Bathymetry subtheme

Varying water level

91 NI KQa

.‘

Bathymetry
Spotcgelevation

Figure 47 Measuring of elevation prop

5.3.1.1.2. Sub-themes

erties.

As stated in Section 2.2 land-elevation and bathymetry are included in the scope of this specification.
Both types of data are considered in this specification as elevation sub-themes.

Land-elevation

Describing the

Bathymetry

height property

of Fijue5Skebow.t héds surface

Describing the depth property for the following geographical elements is in the INSPIRE scope:

the sea floor i as exemplified in Figure 6 below.

the bed of navigable rivers i as exemplified in Figure 8 below.

the floor of inland standing water bodies i as exemplified in Figure 7 below.
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Landelevation subtheme

Land
Spotcelevation

Land surface

Positive Height
Varying water level

Vertical reference
level ¢ Datum

Figure 57 Example: Description of land elevation.

Bathymetry subtheme

\o; Varying water level
/ \0

Reference poinA

Vertical reference levet Datum

Positive Depth

® WI’
Bathymetry

Reference poinB Spotcelevation

NOTES
1. Inthis example the vertical reference lewékhis sea area is determined using two reference points

O NBTSNBEYOS ylR2 ANyERH BENIISHIO S

2. Both reference points have known elevation offsetam the vertical reference level

Figure 6 7 Example: Description of the sea floor.
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Bathymetry subtheme

Varying water level

A Y
) ——————— o=
Vertical reference levet Datum
Positive Depth
Reference poinA °
Water body floor

Bathymetry
Spotcelevation

NOTES

1. Inthis example the vertical reference lewgthe inland standing water body is determined using one reference pairf
ONBFSNBYOS LRAYHD W Qo

2.

The reference point have known elevation offset from the vertical reference (egekl to 0 in this example).

Figure 77 Example: Description of the floor of an inland standing water body.

Bathymetry subtheme

Vertical reference levet Datum A Vertical reference levet Datum B

Scope of River section Scope of River section H
Where the vertical reference leveljis, Where the vertical reference levelfis
51 0dzy W Q DatumW¥. Q

Positive Depth /

Reference poinB

Varying water
level

(
Bathymetry \

Spotcelevation River bed

Positive Depth

Bathymetry
Spotgelevation

Reference poinA

NOTES
1. Inthisexamplewod SOl A2y a W! Q
51 ddzy W. Q3. NBaLISOiAgSs

FYyR W. Q 2F | NRAGSNI I NB S&E2 5 0B |

Figure 87 Example: Description of the bed of a navigable river.
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Integrated land-sea models

Land-elevation and bathymetry data may be combined in the same data set using different properties
(height or depth), which are referenced very often to various vertical coordinate reference systems
(namely vertical references). However, when dealing with certain use cases and applications it is
necessary, to provide just a si ngdsmecialyumpbrtart & coastal
areas, where an integrated vision of land and submerged areas is very useful.

This specification supports the description of this kind of model in terms of a single elevation property
(either height or depth), referenced only to one vertical reference.

Landelevation subtheme Bathymetry subtheme

Land
Spotcelevation

Positive Height
Varying water level

Vertical reference

level¢ Datum Negative Height 9 NI KQa
-
Bathymetry
Spotcelevation
NOTES

1.  This example shows how an integrated laed model may be expressed e.g. as heights referenced to a single ve
CRS. Alternatively, it may be expressed as depths (this alternative is not the one shown in the figure).

Figure 97 Example: Description of an integrated land-sea model.

5.3.1.1.3. Terrain surfaces

Regardless of the elevation sub-themes represented in a data set, two visions of the three dimensional
shapeof the Earthoés surface are possible:

- a Digital Terrain Model (DTM), which describes the Earth's bare surface, excluding any features
placed on it.

- a Digital Surface Model (DSM), which describes the Earth's surface including all static features
placed on it (as exception of temporary / dynamic phenomena).

NOTE The pure concepts of DTM and DSM are used here. In practice, real data may be slightly
deviated from this ideal situation, due to technical limitations in the data acquisition and production
processes.

The term Digital Elevation Model (DEM) covers both visions above mentioned.

t

he
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Landelevation subtheme Bathymetry subtheme

/ Dynamic features

Varying water level

/ Dynamic features

Varying water level

—— Bare terrain surface
Digital Terrain Model (DTM)
Digital Surface Model (DSM)

Figure 107 Digital elevation models (DEM): Difference between DTM and DSM
5.3.1.1.4. Dimensionality of modelling

As introduced in Section 2.2, the Earthoés surf ace S5dmensiamn(R.5%D) hssng mo d e |
this specification, i.e. a single elevation property value can be stored for each planimetric position of the

surface. This means that in the case of vertical cliffs or very steep areas problems may appear. As an
illustration, overhanging terrain features such as a rock shelter (whose morphology hides part of the

terrain) can not be modelled; or for the cantilever formed by the roof of a building only one elevation value

can be stored, the top one.

5.3.1.15. Spatial representation types

This specification supports elevation data using the following spatial representation types, which may be
combined within an INSPIRE Elevation data set:

9 Gridded data

Modelled as continuous coverages, compliant with ISO 19123 i Coverage geometry and functions
standard, which use a systematic tessellation based on a regular rectified quadrilateral grid to
cover its domain. The Elevation property values are known for each of the grid points forming this
domain (rangeSet of the coverage).

 Vector data

Vector objects comprise spot elevations (spot heights and depth spots), contour lines (land-
elevation contour lines and depth contours), break lines describing the morphology of the terrain as
well as other objects which may help in calculating a Digital Elevation Model from vector data (void
areas, isolated areas).

T TIN data

TIN structures according to the GM_Tin class in ISO 19107 i Spatial schema. This a collection of
vector geometries (control points with known Elevation property values, break lines and stop lines)
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which allows calculating a triangulated surface using any valid triangulation method (e.g. a
Delaunay triangulation).

It is worth to note here that the concept of TIN coverage from 1SO 19123 (i.e. 1 value assigned to
each triangle) is not applicable in the Elevation theme, where 1 value needs to be assigned to each
triangle vertex or control point in a the TIN.

The model incorporated in this specification devotes one application schema for each of these spatial
representation types, and an additional one where common enumerations and data types are defined.

5.3.1.1.6. Data provision
IR Requirement
Annex lll, Section 1.2
Provision of Land Elevation Data
(e)

Spatial data sets describing the morphology of land elevation shall be made available at least using the
spatial object types included in the package Elevation i Grid Coverage.

Recommendation 5  Spatial data sets related to the theme Elevation describing the morphology of
land elevation should be also made available using the spatial object types
and data types specified in the following application schemas:
ElevationVectorElements.

IR Requirement
Annex lll, Section 1.2
Provision of Bathymetry Data

(€e)

Spatial data sets describing the morphology of bathymetry shall be made available at least using the
spatial object types included in either the package Elevation i Grid Coverage or the package Elevation
T Vector Elements.

Recommendation 6  Additional and/or use case-specific information related to the theme Elevation
should be made available using the spatial object types and data types
specified in the following application schema(s): ElevationTIN.

5.3.1.1.7. Reference systems

As detailed in Section 6 of this document, the vertical coordinate reference system in which the data is
provided shall be identified using the proper classes from ISO 19111 - Spatial referencing by coordinates
(e.g. SC_VerticalCRS class). These classes are linked to the object geometries (GM_Object classes) or
positional attributes (DirectPosition data type) through the Coordinate Reference System association.

An exception to this rule are local chart datums aimed at referencing depths when the CRS information is
not available through an on-line registry. This constitutes the typical situation in the case of inland waters
local references (e.g. lakes and navigable rivers) but also possible for sea chart datums.

5.3.1.1.8. Package structure

This section explains the structure of the Elevation model, which is composed of four application schemas
(packages) as illustrated in Figure 11:
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class Elev ation: Overview/

INSPIRE Data Spedification Elevation

«applicationSchema»

Elev ationBase Types
+ ElevafionPropertyTypeValue
7 + Surface TypeValue \\\
d e
-~ - ~
~
-
~
e A\ N
-~ I ~
i | ~

«applicalionSchema>» «applicationSchema>» capplicafionSchemas
ElevationGridCov erage ElevationVectorElements Elev ationTIN
+ ElevationGiidCoverage + Breald ine + HevationTIN
+ ElevationGiidCoverageAggregation + BreakLineT ypeValue

+ ChartDatum

+ ContourLine

+ ContourLineTypeValue
+ ElevationVectorObject

+ lsolatedArea

+ SpotElevation

+ SpotElevationClassValue
+ SpotElevationTypeValue
+ VoidArea

Figure 117 UML class diagram: Overview of the application schemas of Elevation

i ElevationBaseTypes

This application schema defines basic enumerations and data types which are re-used in the rest
of application schemas.

i ElevationGridCoverage
This application schema constitutes the elevation model for the grid spatial representation type.
Elevation data using this model is provided as continuous coverages. Each coverage uses a

systematic tessellation of the space based on a regular rectified quadrilateral grid to cover its
domain.

The coverages defined in this application schema are based on the common model for coverages
included in the Generic Conceptual Model [DS-D2.5], which provides the framework for the
definition of coverage types. This common model has been established according to the WCS2.0
and 1SO 19123 (Coverage geometry and functions) standards.

1 ElevationVectorElements
This application schema constitutes the elevation model for the vector spatial representation type.
Elevation data using this model is provided as different vector spatial object types, each of them
having their inherent properties.

9 ElevationTIN
This application schema constitutes the elevation model for the TIN spatial representation type.

Elevation data using this model is provided as TIN structures or collections.

Each TIN structure is defined according the type GM_Tin type defined in ISO 19107. It consists on
a collection of vector spatial objects, such as control points (points having known elevation property
values), break lines and stop lines. In addition, this collection stores the necessary parameters
which allow the calculation of a triangulation (triangulated surface) in a subsequent process (e.g. a
Delaunay triangulation).
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ElevationGridCoverage,

ElevationVectorElements

and ElevationTIN application schemas

have

dependency relationships to the ElevationBaseTypes application schema, since they use generic

enumerations defined in it.

5.3.1.1.9. Package

dependencies

Figure 12 shows the dependencies between the four Elevation packages and other external packages
from where they import classes (Generic Conceptual Model [DS-D2.5], ISO standards, application

schemas defined for other

INSPIRE themes).

class Elevation: Package dependencies/
cLeaf e cLeaf e
Geometric aggregates Geometric primitive
cLeafe
Date and Time
/|'\ (from Geometry) /|'\ (from Geometry)
| |
P CoTTTTTTTTmmmmTmmmmmmATIIIIIS ' //7,
E | INSPIFE Data Specification Elevation //:/ //7/4 (from Prinitive)
' ! | - /
H : chpplicatidnSchemae /// Pid /
: ElevationBaseTypes - s /
' | % yp /// _ ' ;
' | T —~ 4 v/ capplicatidnSchi
' ! | - '
' | | —————/—/Z —————— ;4—————:/—/——> Base Types
' - 7
. : : /// e //.
'
Lo -7 N -7 - S =
' | A _x e [ -
' V2 | — N 7 _ -7 '
' | 2 | e s - / =
: - AN ~ - Py
| s | - _ - ; _ 7
! | - | i N s - =" s (from Base Types)
' Ve - | N_Z-— - ' -
' | Ve _- | /,7’\ -7 ://
' | s -~ | -7, - 2
N P | - P ANt , g
' - - — Vs
N STt L E e A
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' | 7 - - | | / - AN P E
v |lcapplication[Schemdéapplicati onSlchema capplicaticnScherpae
+ | ElevationGridCov erage ElevationVectorElements ElevationTIN '
'
' .
! '
! '
'
: :
; T T N T~ o«
' \ \ | NN S~ '
: P Vo oY AN -< N
: L1 \ \ NN S =< N
""""" |"'|"""Y'"'\"""""""1""\\'" N N N N
| | \ \ | \ \ N \\ S~ \A cLeaf é
| | \ \ | \ \ N ~ ~ - Coordinate geometry
o \ \ ! \ N\ So T-a
[ \ \ ! Y \ N < =\
| \ \ \ | \ \ N \\
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~N
: I| \\ \ | \\ \\ \\ ~ e (from Geometry)
| \ \ \ | \ AN AN
[ \ \ ! \ \ N N
| \ \ \ | \ N ~
\ N
I I \ \ ! \ \ \ N\
I I \ \ ! \ \ \ b
| | \ \ ! \ \ \ clLeaf e
| \ \ \ ! \ \ N Truth
I \ \ o \ \ N
1 | \ N N
Y, \ NV \ N N
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ov erages (Domain and Range Hydro - Physical Waters Lo
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|
\
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Figure 127 Package dependencies: Application schemas of Elevation
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5.4 Application schema ElevationBaseTypes

5.4.1 Description

54.1.1. Narrative description and UML overview

class ElevationBaseTypes: Enumerations/

cenumerat.i cenumerat.i
Elev ationPropertyTypeValue SurfaceTypeValue
height DTM
depth DSM

Figure 137 UML class diagram: Overview of the ElevationBaseTypes application schema

The ElevationBaseTypes application schema provides the basic framework for the Elevation theme.
Regardless of the spatial representation type used for the elevation data, it defines enumerations which
are common to the other Elevation application schemas: ElevationGridCoverage,
ElevationVectorElements and ElevationTIN.

54.1.1.1. ElevationPropertyTypeValue enumeration

As stated in this specification, an elevation property is a vertically-constrained dimensional property of a
spatial object consisting of an absolute measure referenced to a well-defined surface which is commonly
taken as origin (e.g. a geoid, a specific water level, etc.).

This enumeration establishes the possible types of elevation properties with regard to the orientation of
the measurement with respect to the Earth's gravity field direction:

- height (measured in a direct iupwardodirgrtos)iande t o

Ear t |

- depth (measured in the s afiedd-downwardstdirection). of Eart hos

This enumeration is defined in Section 5.4.2.1.1.

5.4.1.1.2. SurfaceTypeValue enumeration

This enumeration establishes the different types of DEMs taking into account the relative adherence of
thesurfacemodel | ed to the Earthdéds bare surface. The

This enumeration is defined in Section 5.4.2.1.2.

5.4.2 Feature catalogue

Feature catalogue metadata

Application Schema INSPIRE Application Schema ElevationBaseTypes
Version number 3.0

Types defined in the feature catalogue

Type Package Stereotypes
5.4.2.1. Enumerations
5.4.2.1.1. ElevationPropertyTypeValue

ElevationPropertyTypeValue

Name: elevation property type value
Definition: Enumeration type which determines the elevation property which has been

possit
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ElevationPropertyTypeValue

Description:

URI:

Value:
Definition:

Description:

Value:
Definition:

Description:

5.4.2.1.2.

Name:
Definition:

Description:

URI:

Value:
Definition:

Description:

Value:
Definition:

Description:

measured or calculated.

NOTE 1 An elevation property is a vertically-constrained dimensional property of an
element consisting of an absolute measure referenced to a well-defined surface
which is commonly taken as origin (geoid, water Ilevel, etc.).

NOTE 2 It does not include relative elevations of the element referenced to other
spatial objects.

EXAMPLE Height, depth.

height

Elevation property measured along a plumb line in a direction opposite to Earth's
gravity field (upwards).

NOTE This definition intentionally avoids making reference to complex geodetic

terms. It is only intended to specify the direction in which the elevation property has
been measured.

depth

Elevation property measured along a plumb line in a direction coincident to Earth's
gravity field (downwards).

NOTE This definition intentionally avoids making reference to complex geodetic
terms. It is only intended to specify the direction in which the elevation property has
been measured.

SurfaceTypeValue
SurfaceTypeValue

surface type value

Enumeration type which determines the elevation surface with regard to its relative
adherence to the Earth's bare surface.

EXAMPLE DTM and DSM.

DTM
Digital terrain model.
EXAMPLE Buildings, bridges or vegetation do not form part of a DTM.

NOTE 1 For DTM surfaces describing the floor of water bodies (e.g. the sea-floor),
the water bodies are not considered as part of the Earth's bare surface. Hence, they
are excluded from the DTM.

NOTE 2 For DTM surfaces in which any features placed on the Earth's bare surface
have not been totally filtered and excluded, the deviations must be explained in the
metadata.

DSM

Digital surface model.

EXAMPLE 1 Vegetation, buildings and bridges are examples of static features.

EXAMPLE 2 Cars, trucks and other dynamic features are examples of temporary
phenomena.

NOTE 1 For DSM surfaces describing the floor of water bodies (e.g. the sea-floor)
and those features placed on it, the water bodies are not considered as part of the
Earth's bare surface. Hence, they are excluded from the DSM.

NOTE 2 For DSM surfaces in which any temporary phenomena have not been
totally filtered and excluded, the deviations must be explained in the metadata.
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5.5 Application schema ElevationGridCoverage

5.5.1 Description

55.1.1. Narrative description

This application schema constitutes the elevation model for the grid spatial representation type.

5.5.1.1.1. Coverage representation for elevation

Elevation data represented in a grid is a kind of raster data. This is a simple form of geographic
information. It consists of a set of values measuring an elevation property, organized in a regular array of
points together with associated metadata and georeferencing. The coverage approach specified in [ISO
19123] is particularly well-suited for modelling such a data structure.

A coverage is a type of feature describing the characteristics of real-world phenomena that vary over
space. Contrary to other types of features, its non-spatial attributes are strongly associated with its spatial
attributes (i.e. its geometry). It acts as a function to return attribute values from its range for any direct
position within its spatiotemporal domain.

Since it depicts continuously-varying phenomena, an elevation grid coverage is inherently a continuous
coverage. A proper interpolation method enables the evaluation of the coverage at direct positions
between the elements of its domain (e.g. points).

The attribute values of an elevation grid coverage are arranged using the geometry of a regular
quadrilateral grid in two dimensions. Such a grid is a network composed of two sets of equally spaced
parallel lines that intersect at right angles. The intersection points are called grid points or sample points.
They carry the range values of the coverage, even if the physical quantity is actually measured within a
sample space surrounding the grid point. The areas delimited by the grid lines are called grid cells and
support the evaluation of the coverage by interpolation. They are not necessarily square but rectangular.
Note that grid cells and sample points are two distinct notions.

A grid coordinate system is defined by means of the origin and the axes of the grid. Grid coordinates are
measured along the axis away from the origin.

Figure 14 - Example of rectified quadrilateral grid

Furthermore, the grid of an elevation coverage is geo-rectified in the sense of ISO 19123. It is related to
the Earth through an affine relationship that makes a simple transformation between the grid coordinates
and the coordinates in the associated Earth-based reference system. The transformation parameters are
determined by the location of the grid origin, the orientation of the axis and the grid spacing in each
direction within the external coordinate reference system.

5.5.1.1.2. Concept of tiling

Different motivations can lead data producers to break grid elevation data into smaller parts. This process

i s usually known as Atilingo, which is also typical
encompass different meanings depending on the abstraction level of the description. Three main levels of

tiling need to be distinguished:

Firstly, tiling may be internally implemented in file formats (e.g. tiled tiff). By rearranging elevation content
into roughly square tiles instead of horizontally-wide strips, this method improves performances for
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accessing and processing high-resolution grid DEMs. Since it basically reflects the storage structure of
data, it does not appear in the application schema which is restricted to the conceptual level.

Secondly, high-resolution grid DEMs covering broad territories represent large volumes of data that often
can not be stored reasonably in a single DEM file. Data producers usually cut them out into separate
individual files to facilitate their storage, distribution and use. The most common tiling scheme used in
elevation for this purpose is a simple rectangular grid where tiles edge-match without image overlaps or
gaps (Figure 15 a). However, it is sometimes required that the individual tiles overlap with their
neighbours to ensure a certain spatial continuity when handling them (Figure 15 b). The tiling scheme
may also have a less regular geometry with a varying density of tiles (Figure 15 c).

This file-based data structure is artificial and has no real logical meaning on its own even though it is
usually based on grid elements. Therefore it is addressed in the encoding part of this data specification
(Section 9.3).

a) Simple grid with edge- b) Overlapping tiles c) Varying density of tiles
matching tiles

Figure 15 - Various configurations of tiling scheme

Third, large grid DEMs can also be divided into subsets that make sense on their own as they describe
logical structures (e.g. map sheets, administrative units like regions or districts, etc.). Unlike the previous
case, this type of file-independent tiling is fully in the scope of the conceptual model.

But pragmatically, a reverse view on tiling may offer more possibilities and should increase data
harmonization: indeed, tiling can be seen as well as an aggregation process instead of a split process.
So, a collection of elevation grid coverages can be aggregated to make up a larger single coverage. This
has the following advantages:

- The input elevation coverages may just partially contribute to the aggregated coverage.

- Consequently, the input elevation coverages may spatially overlap whenever necessary.

Thi s mechani skevatiorsgrichcaverage agfiregationd and it i s descrelowed

in this document.

n
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55.1.1.3. Data structure

A first data structure level is provided through the concept of coverage. In addition, the
ElevationGridCoverage application schema offers a second level that consists in grouping coverages
themselves in another logical structure. In other words, subsets from several homogeneous elevation grid
coverages can be combined so that they build a new elevation coverage. The aggregated coverage does
not hold directly its own grid cell values. It just makes reference to its input coverages, thereby avoiding
data duplication. The range set of the coverage is computed on the fly by a service or an application
when requested by users.

For applicability, input and aggregated elevation grid coverages shall be part of the same elevation
dataset.

_________________________________________

E

Figure 16 - Elevation grid coverage aggregation principle

As shown in Figure 16 overlapping elevation coverages A B and C compose the aggregated elevation
coverage D, the bounding box of which is dotted.

This mechanism is fully recursive so that an elevation coverage can itself be a composition of already-
aggregated elevation coverages.
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55.1.2. UML Overview

class ElevationGridCoverage /

From package: Genernic Concaptusl Model

From psckage: Foundstion Schemas / ISO TC211/

1SO 19123 Coversge geometry and functions

+ rangeType: RecordType

«festuraTypes Gion
Coverages (Base)::Coverage % w
Coverages (Domain and Range)::
+ metadsta: Any[0..7] CoverageFunction

Quadrilateral Grid::CV_SequenceRule

+ gndFunction: GridFunction

+ scanDirection: Sequence<ChsracterSting>
+ type: CV_SequenceType = linear

ElevationGridCoverage

domsinExtent: EX_Extent [1.."]

inspireld: |dentifier

propertyType: ElevationPropertyTypeValue
surfaceType: SurfaceTypeValue

* 4+ 4+ +

«voxiabie, ifeCycle

+ beginLifespanVersion: DsteTime
+ endlLifespanVersion: DateTime

constraints
{rangeSetValuesAraOfTypeFlost)
{domsinExtentContainsGeographicElement}
{identicalOffsetVectorsWithinElevationCoverageAggregstion}
{onginDimension|s2}
{domsinRequiresCRS}
{domainDimansionls2}

+contributingElevationGridCoverage 0..*

' ' '
1 ' ' '
{ ' ' '
' ' ' '
L ' ' '
L ' ' '
' ' ' '
' ' ' '
{ ' ' '
{ ' ' '
{ ' ' '
' ' ' '
L ' ' '
1 ' ' '
' ' ' '
: s '
' '
0 + ruleDefinition: CharscterString ! ! '
! + rmuleReference: URI (4 '
' '
H «featureTypex Lo «c_)odeisst» ) '
H Coverages (Domain and Range):: adstaTypes L Quadrilateral Grid:: !
i CoverageByDomainAndRange Coverages {Domain and Range):: fil CVZ SequenceType '
' 2 3 '
GridFunction 03 '
\ |+ coverageFunction: CoversgeFunction [0..1] W3 + boustrophedonic !
| |+ domasinSet: Any + sequenceRule: CV_SequenceRule [0..1] b + CantorDisgons! '
i |+ rangeSet: Any[0..°] {ordered} + stantPoint: Integer [0..*] {ordered} I x: IH”be“‘ '
' ] + linear '
' '
! constraints E ! ) Mgrton E
' | fgridFunctionRequiresGridDomain} R + spirsl '
¥ ' ' '
L ' ' '
| «dataTypexs fiv) A
' 4 Base Types::|dentifier 0 !
L ' ' '
| _ + localld: CharacterString fo !
{ «feature iyoe» + namespsce: CharacterString H 1 {
' Coverages (Domain and Range):: - i ] '
| RectifiedGridCoverage «life( % 43 g
! + versionld: CharacterString [0..1] ] '
' 0 {
' constraints constraints by {
1 {domain|sRectified Grd} {Allowed characters for localld and nsmespscs] | | 1 :
| Ho )
' ' ' '
r ' ' '
L ' ' '
R R e S e S R e S e T s R e s e T e e S R S s e T s s s TRaes T SE s (O R e E L e e ek L M L g e L s '
«festureTypes
«enumearstions «enumerations

ElevationBaseTypes::
ElevationPropertyTypeValue

ElevationBaseTypes::
SurfaceTypeValue

height
depth

DM
DSM

«dstaTypex
ElevationGridCoverageAggregation

+ contributingFootprint: GM_MultiSurface

Figure 177 UML class diagram: Overview of the ElevationGridCoverage application schema

The ElevationGridCoverage application schema defines the basis for the provision of elevation data as
continuous coverages using a systematic tessellation based on a regular rectified quadrilateral grid to
cover its domain.

The regular grid is one of the most extended formats for elevation models, which is also widely accepted
for data exchange and use between users with different technical expertise levels. This has been
highlighted in Pan-European projects like EuroDEM (EuroGeographics) and justifies the selection of this
spatial representation type to harmonise elevation data across Europe. Its provision is therefore
mandatory in this specification in the case of land-elevations.
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5.5.1.2.1. ElevationGridCoverage spatial object type

The ElevationGridCoverage spatial object type is the core element of the ElevationGridCoverage
application schema. It specializes the imported type RectifiedGridCoverage which is specified in the
common coverage model of the Generic Conceptual Model [DS-D2.5] - Coverages (Domain and Range)
application schema, shown in the next figure.

class Coverages (Domain and Range)/

aunions
CoverageFunction

4+

gndFunction: GrdFunction
ruleDefinition: CharacterString
ruleReference: URI

adstaTypes
GridFunction

«festuraTypes
Coverages (Base)::Coverage

saquenceRule: CV_SequenceRule [0..1]
startPoint: Integer [0..°] {orderad}

+ metadsta: Any[0..7]
+ rangeType: RecordType

A

afeaturaTypexs
CoverageByDomainAndRange

+ coverageFunction: CoverageFunction [0..1]
domainSet: Any
+ rangeSet: Any [0.."] {orderad}

+

constraints
{gndFunctionRequiresGnrdDomain}

«festuraTypes
RectifiedGridCoverage

constraints
{domain|sRectified Grid}

«festureTypes
ReferenceableGridCoverage

constraints
{domasin|sReferencableGnd)

Figure 187 UML class diagram: GCM - Coverages (Domain and Range)

RectifiedGridCoverage is itself an implementation of continuous quadrilateral grid coverages defined in
ISO 19123, which establishes the basic properties of coverage structures. Thereby, the compliance with

the standard is assured.

ElevationGridCoverage inherits five properties necessary to process the coverage:

1 domainSet defines the spatial domain of the elevation coverage, i.e. its geometry (See Section

5.5.1.2.2).
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1 rangeSet contains the feature attribute values associated with the grid points of the domain (See
Section 5.5.1.2.3). All range values shall be of type Float and shall conform to the description
provided by the attribute rangeType.

1 rangeType describes the characteristics of the range values (See Section 5.5.1.2.4).

1 CoverageFunction, whose value type is defined in the GCM [DS-D2.5], identifies the rules to be
followed in assigning the range values to the grid points. These rules can be externally referenced
through an URI (CoverageFunction::ruleReference) or directly detailed in the data set as free text
(CoverageFunction::ruleDefinition) or as configurable elements (CoverageFunction::gridFunction).
In the last option, the dataType GridFunction identifies both the grid coordinates of the point
associated with the first value in the rangeSet (GridFunction::startPoint) and the method for
scanning grid points in the same order as the following range values
(GridFunction::sequenceRule). The sequencing method, modeled with the ISO 19123 data type
CV_SequenceRule, is simply determined by its categ or vy , e. g. Al inear o, and
names indicating the order in which to jump to the next grid point.

1 metadata consists in a placeholder for additional metadata information a data provider decides to
provide at a spatial object level (See Section 5.5.1.2.5).

For a more detailed description of these inherited attributes, see the section 9.9.4 of the Generic
Conceptual Model [DS-D2.5].

Other attributes provide additional information for the ElevationGridCoverage:

1 inspireld, unique external identifier (as specified in the Generic Conceptual Model [DS-D2.5]) used
for the identification of each elevation coverage.

1 beginLifespanVersion and endLifespanVersion, covering the temporal aspects.

9 domainExtent, attribute stemming from ISO 19123 which completes the description of the coverage
characteristics. It represents the spatiotemporal extent of the coverage.

9 propertyType, for identifying the type of elevation property described by the coverage (height or
depth). For the purpose of this specification, only one property (an elevation property) is
represented in the range of an elevation coverage.

9 surfaceType,fori denti fying the type of Earthdéds surface or
or DSM).

NOTESince real elevation data sets have very often discrepancies to what it is considered as a pure DTM
or DSM (e.g. presence of any dynamic features, limitations due to the data capture process of data
coming from a specific provider), these deviations should be explained in the metadata
(supplementalinformation metadata element), in order to show what is really included within the DEM.

IR Requirement
Annex lll, Section 1.7.2
Domain Extent and Range Set of Elevation Grid Coverage

(2) The domainExtent attribute of every ElevationGridCoverage instance shall be at least populated
with a subtype of the EX_GeographicExtent type.

(3) The elevation property values included within the range set of a single ElevationGridCoverage shall
be referenced to one and only one vertical coordinate reference system.

NOTE The EX_GeographicExtent abstract class is specialized by the EX_BoundingPolygon,
EX_GeographicBoundingBox and EX_GeographicDescription classes specified in ISO 19115.
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A relevant attribute of coverages according to ISO 19123 is the interpolation method or type. It is a
calculation procedure used in order to evaluate the continuous coverage, i.e. determine the values of the
property represented at any direct position within the domain of the coverage, by using the values known
for the corresponding set of control points.

This specification does not incorporate the interpolation method as an attribute of the
ElevationGridCoverage spatial object type, because it only constitutes a recommendation the data
provider makes to the user about the most appropriate calculation procedure to be used for the property
represented in the coverage. Data providers are therefore invited to provide this information in the
metadata using the appropriate values from the CV_InterpolationMethod code list (from ISO 19123). The
default value advised in this specification is bilinear.

: Recommendation 7  This specification recommends the use of the bilinear interpolation method to
evaluate a continuous elevation coverage at direct positions between the
elements of its domain (included within its domain extent).

The ElevationGridCoverage spatial object type is defined in Section 5.5.2.1.1.

5.5.1.2.2. Attribute ElevationGridCoverage::domainSet

The property domainSet determines the spatial structure on which the coverage function applies, that is,
for elevation coverages, a set of grid points, including their convex hull.

By inheritance from RectifiedGridCoverage, the value type is restricted to CV_RectifiedGrid. This ISO
19123 element allows defining the characteristics of the internal grid structure: the grid dimension, which
is constrained to two (CV_RectifiedGrid::dimension), the extent which reports the extreme internal grid
coordinates of the DEM (CV_RectifiedGrid::extent) and the names the grid axes
(CV_RectifiedGrid::axisNames).

In addition, CV_RectifiedGrid carries the georeference of the elevation coverage that consists of the
location of the origin of the rectified grid (CV_RectifiedGrid::origin), the orientation and direction of the grid
axes as well as the spacing between grid lines (CV_RectifiedGrid::offsetVectors), all expressed in an
external coordinate reference system.

The identification of the coordinate reference system is ensured through the attribute origin whose value
type, Direct Position (specified in 1ISO 19107), offers an association to the class SC_CRS (ISO 19111).
This association is mandatory in this specification.

By allowing different settings, 1ISO 19123 leaves it up to implementers to define their own grid coordinates
systems. But, while providing plenty of flexibility, this possibility may lead to misinterpretations and
consequently to non-interoperability. To prevent this situation, this data specification promotes the use of
a common grid coordinate system for describing the domain of elevation coverages within the INSPIRE
context.

Recommendation 8  The grid origin, which is located at grid coordinates (0, 0), should be the
upper left point of the elevation coverage.

Recommendation9 The grid axes should be call sigdext@ngsdto
the right and y axis extends downwards.

NOTE These recommendations are based on the most widespread convention in the case of elevation
coverages.

snnnnal
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Figure 197 Recommended grid coordinate system

55.1.2.3. Attribute ElevationGridCoverage::rangeSet

The range set of the elevation grid coverage is composed of a finite humber of values which are of type
Float, i.e. the elevation values are stored as float numbers.

NOTE The unit of measure used for the elevation values in the range set shall be a Sl unit (See
Section 6.1.3) but shall be also identified in the rangeType (Section 5.5.1.2.4).

However, the values in the range set of an elevation coverage mayc ont ai n certainnoval ues
data valued This happens in the cases where the values are unknown (e.g. grid points inside void areas,
not available for security reasons, etc.). Section 5.5.1.2.4 explains how no data values may be encoded.

NOTE The cases where no data values are provided are not typified as data quality omission errors in
the context of this specification.

5.5.1.2.4. Attribute ElevationGridCoverage::rangeType

The property rangeType is devoted to the description of the range value structure of the coverage. It can
be considered as technical metadata making easier the interpretation of the elevation coverage content.
RangeType is described in the Generic Conceptual Model [DS-D2.5] with the basic type RecordType
specified in ISO 19103. But it is encoded with the element DataRecord defined in the SWE Common
[OGC 08-094r1], provided that the value attribute of the fields listed by the DataRecord is not used.
Indeed, DataRecord must behave in this context like a descriptor without containing the actual data
values themselves.

DataRecord is defined in [OGC 08-0 9 4 r 1] as fila composite data

type con
each of which having its own name and type defini

tion

In general, a coverage contains the values that one or several attributes take for the points belonging to
its domain. In the case of elevation, only one attribute 7 the elevation property i is represented in the
coverage. Hence, DataRecord should correspond to the description of this property. This should be done
by using only one field holding an instance of the data type Quantity, since the property measured is
represented as real numbers (float) with a explicit unit of measure.

This rangeType representation allows a clear description of the main characteristics of an elevation
coverage, such as:
- DataRecord::field

It holds the instance describing the elevation attribute of the coverage (i.e. the elevation property).
The cardinality of the field attribute shall be 1.
- Quantity::definition attribute (optional)

Identification of the elevation property by using a scoped name. The terms height and depth as
defined in this specification should be included here. This identification shall be consistent with the
value given to the propertyType attribute of the elevation grid coverage.
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- Quantity::description attribute (optional)

A human readable description of the elevation property. Either of the definitions given in this
specification for the terms height and depth should be included here.

- Quantity::constraint attribute (optional)
To state the number of significant digits after the decimal point (float values).
- Quantity::nilValues attribute

It is aimed at providing the list of no data values (nil values) that are present in the elevation
coverage, this is to identify the reserved values that are used to stand in for missing actual
elevation values. For each reserved value the corresponding reason shall be indicated (e.g.
security reasons, etc.). The reserved values shall be of type float for elevation coverages.

- Quantity::uom attribute

The unit of measure, which shall be always specified.

5.5.1.2.5. Attribute ElevationGridCoverage::metadata

The property metadata can be used to provide additional information on an elevation grid coverage at
spatial object level. The value type has been set to any as default, to allow data providers to choose
freely which metadata model to use. For proper use, however, the value type must be restricted, in
extensions or application profiles, to any kind of data type defining an application-specific metadata
structure.

This specification proposes the 1SO 19115 as metadata model, although other metadata models or
standards are also applicable. For example, in the case of raw LIDAR data the 1ISO 19156 standard on
Observations and Measurements would be applicable. However, this specification aims at the provision of
elevation data ready to use (pre-processed) for the wide-community, where the generic information about
the acquisition process is more relevant than technical and detailed metadata from the sensor at spatial
object level (for each ElevationGridCoverage). Hence, the data about the acquisition process may be
easily provided as descriptive information within the Lineage metadata element from ISO 19115
(mandatory for INSPIRE).

Under no circumstances the provision of metadata at spatial object level using the metadata attribute of

the ElevationGridCoverage may exempt from reporting (mandatory) dataset-level metadata addressed in
Section 8.

5.5.1.2.6. ElevationGridCoverage aggregation

As stated in 5.5.1.1.3, an ElevationGridCoverage instance may be an aggregation of other
ElevationGridCoverage instances. However certain conditions are required:
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IR Requirement
Annex lll, Section 1.7.2
Aggregated Elevation Grid Coverage

(4) All the ElevationGridCoverage instances to which an aggregated ElevationGridCoverage instance
refers, shall be consistent. This means that they shall share the same range type, Coordinate
Reference System and resolution. They shall also support grid alignment, i.e. the grid points in one
ElevationGridCoverage instance line up with grid points of the other ElevationGridCoverage
instances, so that grid cells do not partially overlap.

(5) The contributing footprints of any two ElevationGridCoverage instances referred to by the same
aggregated ElevationGridCoverage instance shall be either adjacent or disjoint.

(6) The union of the contributing footprints of the ElevationGridCoverage instances referred to by the
same aggregated ElevationGridCoverage instance shall determine the geographic extent
(domainExtent) of the aggregated ElevationGridCoverage instance.

NOTE 1 The data structure is implemented by the recursive UML aggregation linking the
ElevationGridCoverage class to itself. The ElevationGridCoverageAggregation association class indicates
through the contributingFootprint attribute which geographic data areas of an input coverage are reused
in the composed coverage.

NOTE 2 Two polygons are adjacent if they share one or more sides or portions of sides, without any
interior point in common.

NOTE 3 The range set of an aggregated elevation grid coverage is directly determined by the range sets
of the elevation grid coverages it refers to. Each grid point of the aggregated elevation grid coverage
receives the range value of the elevation grid coverage the contributing footprint of which contains the
given position. If the grid point is not located within the contributing footprint of any elevation grid
coverage, it receives a nil value specified in the range type of the aggregated elevation grid coverage.

5.5.1.3. Consistency between spatial data sets

While an actual need to combine grid elevation data sets exists, in practice, achieving geometrical
consistency of Elevation data in the grid spatial representation type is complicated for at least three
reasons:

- Spatial resolutions (i.e. Ground Sample Distances or grid spacing) must be strictly identical.
- Grid points must be aligned.

- Edge-matching between grid elevation data sets along local or national boundaries is mostly
impossible to achieve: the rectangular extent of elevation coverages usually covers a territory
larger than the real, rarely regular, area of interest and the superfluous area is often filled with
elevation information.

The technical characteristics mentioned above are defined in the existing data products specifications
which are not harmonised across Europe. That is why the present INSPIRE data specification does not
set out specific requirements to ensure consistency between grid elevation data sets.

However, it comes up with a solution for pan-European and cross-border use cases by establishing a
common European grid for raster data (see Annex C). Note that this grid is intended to avoid the
problems caused by raster data aggregation from different Member States or data providers, although the
issue of edge-matching along boundaries is not addressed given its complexity due to the wide variety of
use cases.



INSPIRE Reference: D2.8.11.1_v3.0

TWG-EL Data Specification on Elevation 2013-12-10 Page 43

5.5.1.4. Identifier management

As required in the ElevationGridCoverage application schema, each ElevationGridCoverage spatial object
shall receive a unique external identifier as specified in the Generic Conceptual Model [DS-D2.5]. This
identifier is carried by the inspireld attribute.

The unique object identifier will be modelled on the form described in D2.5 Sections 9.7, 9.8.2 and
Chapter 14, where a country code and namespace is applied as a prefix to the existing local identifier
used by the authority responsible for the data. This will both ensure that the identifier is:

1 Unique in the European spatial data infrastructure.

1 The object is traceable in that infrastructure.

NOTE 1 Identifier management is explained in detail in the section 14 of the Generic Conceptual Model
[DS-D2.5].

NOTE 2 The version identifier property of the INSPIRE base type ldentifier allows for distinguishing
between the different versions of the elevation coverages. In this data specification, the concept of
Ovwsei ond i s r es trocassing ef élevation cavérages musng the same source data in order to
correct errors or inconsistencies detected in the former coverage (see 5.5.1.7).

NOTE3 Nati onal agencies often use tningthat ie NONE Habeve: s i

- As a code to describe what production process has been used to create the elevation data (e.g. a
reference to the product specification).

- As an edition/revision code to describe how many times an elevation data product has been made
on a specific area with different source data acquired at different dates.

These codes are not a part of life-cycle information as understood by INSPIRE. But they may be
introduced in the local identifier included in the INSPIRE identifier or in the discovery metadata as lineage
elements.

5.5.1.5. Modelling of object references

No requirements for modelling object references have been identified between different levels of detail of
elevation data. Hence, object referencing, as described in the Generic conceptual Model [DS-D2.5]
clause 13, is not applied in the ElevationGridCoverage Application Schema.

However, the device of elevation grid coverage aggregation takes a similar approach within a single data
set in the sense that it prevents data duplication by sharing common feature attributes: aggregated
elevation grid coverages reference their contributing elevation grid coverages using the unique INSPIRE
identifier provided.

5.5.1.6. Geometry representation

Grid data shall be provided as a quadrilateral rectified Grid coverage, where the Elevation values are
included within the range set of the coverage.

The value domain of spatial properties used in the ElevationGridCoverage
package shall be restricted to the Simple Feature spatial schema as defined
by EN ISO 19125-1:2004.

NOTE 1 EN ISO 19125-1:2004 restricts the spatial schema to 0, 1 and 2-dimensional geometric objects
that exist in 2-dimensional coordinate space, where all curve interpolations are linear.

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).

onbod
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IR Requirement
Annex Il Section 1.7.2
Dimension of Elevation Grid Coverage

(7) The ElevationGridCoverage package shall be restricted to two-dimensional geometries.

Given the nature of grid elevation data, only two-dimensional geometries can be supported by elevation
grid coverage spatial objects.

55.1.7. Temporality representation

A change of version should occur only when the elevation grid coverage is reprocessed using the same
source data, for example to correct geometrical errors or thematic inconsistencies, or when an enhanced
processing algorithm is available.

This data specification does not attach the notion of version to the real world objects or the geographic
areas covered by elevation grid coverages. For example, the same region can appear on different
elevation coverages that do not constitute the successive versions of a same coverage. An elevation grid
coverage is considered as a single feature that is the result of:

- the observation of real world phenomena by a sensor at a specific time (e.g. LIDAR data)

- a calculation process from other source elevation data (elevation data in other spatial
representation type, e.g. vector data).

Thus, a new acquisition campaign over a given area is rather a new observation than an update (i.e. a
new version) and it is difficult to see an elevation coverage resulting from this new capture as being the
same spatial object as the previous elevation coverage on the same area, especially if their extents do
not match.

As established by the requirement about external object identifier included in Section 5.2.8, an elevation
grid coverage that has been derived from new source data shall be a new spatial object and it shall
consequently receive a new external object identifier.

In addition, the application schema allows for provision of the date of data capture for a single elevation
grid coverage. This should be done by using the metadata attribute each coverage has.

Such information is very useful to the users as it provides the temporal characteristics of each coverage
(may be coming from different data sets or data providers).

Moreover, in the context of data maintenance, this temporal element provides a simple distinction
between the different revisions of an elevation grid coverage over a same area.

IR Requirement
Annex Il Section 1.7.2
Elevation Grid Coverage - Acquisition Date Infromation

(8) Information about the acquisition dates of data contained in elevation grid coverages shall be
provided at least in one of the following ways:

(a) by providing the metadata element Temporal reference for each spatial object through the
metadata attribute of the spatial object type ElevationGridCoverage.

(b) by providing the metadata element Temporal reference required by Regulation (EC) No
1205/2008 as a temporal extent.

NOTE There is no requirement about the acquisition time of elevation grid coverages.
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5.5.2 Feature catalogue

Feature catalogue metadata

Application Schema INSPIRE Application Schema ElevationGridCoverage
Version number 3.0

Types defined in the feature catalogue

Type Package Stereotypes
ElevationGridCoverage ElevationGridCoverage «featureType»
ElevationGridCoverageAggregation ElevationGridCoverage «dataType»
5.5.2.1. Spatial object types
55.2.1.1. ElevationGridCoverage
ElevationGridCoverage

Name: elevation grid coverage

Subtype of: RectifiedGridCoverage

Definition: Continuous coverage which uses a systematic tessellation based on a regular

rectified quadrilateral grid to cover its domain, where the elevation property value is
usually known for each of the grid points forming this domain.

Description: SOURCE Adapted from [ISO 19123:2005].
Stereotypes: «featureType»

Attribute: beginLifespanVersion

Name: begin lifespan version

Value type: DateTime

Definition: Date and time at which this version of the spatial object was inserted or changed in
the spatial data set.

Multiplicity: 1

Stereotypes: «voidable,lifeCyclelnfo»

Attribute: domainExtent

Name: domain extent

Value type: EX_Extent

Definition: Extent of the spatiotemporal domain of the coverage.

Description: SOURCE [1ISO 19123:2005].

NOTE 1 The data type EX_Extent, is defined in ISO 19103. Extents may be
specified in both space and time.

NOTE 2 The domain extent shall be specified at least in space by using
EX_BoundingPolygon, EX_GeographicBoundingBox or EX_GeographicDescription.
The whole geographic extent of the elevation coverage is affected, including areas
where grid points hold nil reason values.

Multiplicity: 1>
Attribute: endLifespanVersion
Name: end lifespan version
Value type: DateTime
Definition: Date and time at which this version of the spatial object was superseded or retired in
the spatial data set.
Multiplicity: 1

Stereotypes: «voidable,lifeCyclelnfo»

Attribute: inspireld
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ElevationGridCoverage

Name: inspire ID

Value type: Identifier

Definition: External object identifier of the spatial object.

Description: NOTE An external object identifier is a unique object identifier published by the
responsible body, which may be used by external applications to reference the
spatial object. The identifier is an identifier of the spatial object, not an identifier of
the real-world phenomenon.

Multiplicity: 1

Attribute: propertyType

Name: property type

Value type: ElevationPropertyTypeValue

Definition: Attribute determining the elevation property represented by the elevation grid
coverage.

Description: EXAMPLE Height, depth.

Multiplicity: 1

Attribute: surfaceType

Name: surface type

Value type: SurfaceTypeValue

Definition: Attribute indicating the type of elevation surface that the coverage describes in
relation to the Earth's bare surface.

Multiplicity: 1

Association role: contributingElevationGridCoverage [the association has additional attributes - see
association cl  ass ElevationGridCoverageAggregation]

Name: contributing elevation grid coverage

Value type: ElevationGridCoverage

Definition: Reference to the elevation grid coverages that compose an aggregated elevation
grid coverage. The association has additional properties as defined in the
association class ElevationGridCoverageAggregation.

Multiplicity: 0.*

Constraint: domainDimensionls2

Natural The grid dimension shall always be 2 for an elevation grid coverage

language:

OCL: inv: domainSet.dimension=2

Constraint: domainExtentContainsGeographicElement

Natural The domainExtent shall be at least populated with a subtype of

language: EX_GeographicExtent

OCL: inv: domainExtent.geographicElement->size()>=1

Constraint: domainRequiresCRS

Natural The coordinate reference system used to reference the grid shall be provided

language:

OCL: inv: domainSet.origin.coordinateReferenceSystem->notEmpty

Constraint: identicalOffsetVectorsWithinElevationCoverageAggregation

Natural All  the ElevationGridCoverage instances to which an aggregated

language: ElevationGridCoverage instance refers, shall share the same orientation of grid
axes and the same grid spacing in each direction

OCL: Inv:  contributingElevationCoverage->forAlllv | v.domainSet.offsetVectors =

self.domainSet.offsetVectors)

Constraint: originDimensionls2




INSPIRE Reference: D2.8.11.1_v3.0

TWG-EL Data Specification on Elevation 2013-12-10 Page 47

ElevationGridCoverage

Natural The origin of the grid shall be described in two dimensions
language:
OCL: inv: domainSet.origin.dimension=2

Constraint: rangeSetValuesAreOfTypeFloat

Natural The values in the range set shall be described by the Float type
language:
OCL: inv: rangeSet->forAll(v | v.ocllsKindOf(Float))
5.5.2.2. Data types
5.5.2.2.1. ElevationGridCoverageAggregation
ElevationGridCoverageAggregation (association class)
Name: elevation grid coverage aggregation
Definition: Geometrical characteristics of the elevation grid coverage aggregation.

Stereotypes: «dataType»

Attribute: contributingFootprint

Name: contributing footprint
Value type: GM_MultiSurface
Definition: Multi polygon delineating the geographic area of the elevation grid coverage that
contributes to the aggregated elevation grid coverage.
Multiplicity: 1
55.2.2.2. ElevationGridCoverageAggregation
ElevationGridCoverageAggregation (association class)
Name: elevation grid coverage aggregation
Definition: Geometrical characteristics of the elevation grid coverage aggregation.

Stereotypes:  «dataType»

Attribute: contributingFootprint

Name: contributing footprint

Value type: GM_MultiSurface

Definition: Multi polygon delineating the geographic area of the elevation grid coverage that

contributes to the aggregated elevation grid coverage.

Multiplicity: 1
5.5.2.3. Imported types (informative)
This section lists definitions for feature types, data types and enumerat ions and code lists that are defined in other
application schemas. The section is purely informative and should help the reader understand the feature catalogue
presented in the previous sections. For the normative documentation of these types, see the giv en references.
5.5.2.3.1. DateTime
DateTime

Package: Date and Time

Reference: Geographic information -- Conceptual schema language [ISO/TS 19103:2005]
55.2.3.2. EX_Extent
EX_Extent

Package: Extent information

Reference: Geographic information -- Metadata [ISO 19115:2003/Cor 1:2006]
5.5.2.3.3. ElevationPropertyTypeValue

ElevationPropertyTypeValue
Package: ElevationBaseTypes
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ElevationPropertyTypeValue

Reference: INSPIRE Data specification on Elevation [DS-D2.8.11.1]

Definition: Enumeration type which determines the elevation property which has been
measured or calculated.

Description: NOTE 1 An elevation property is a vertically-constrained dimensional property of an
element consisting of an absolute measure referenced to a well-defined surface
which is commonly taken as origin (geoid, water level, etc.).
NOTE 2 It does not include relative elevations of the element referenced to other
spatial objects.
EXAMPLE Height, depth.

5.5.2.3.4. GM_MultiSurface

GM_MultiSurface

Package: Geometric aggregates
Reference: Geographic information -- Spatial schema [ISO 19107:2003]
5.5.2.35. Identifier
Identifier
Package: Base Types
Reference: INSPIRE Generic Conceptual Model, version 3.4 [DS-D2.5]
Definition: External unique object identifier published by the responsible body, which may be
used by external applications to reference the spatial object.
Description: NOTE1l External object identifiers are distinct from thematic object identifiers.
NOTE 2 The voidable version identifier attribute is not part of the unique identifier of
a spatial object and may be used to distinguish two versions of the same spatial
object.
NOTE 3 The unique identifier will not change during the life-time of a spatial object.
5.5.2.3.6. RectifiedGridCoverage

RectifiedGridCoverage

Package: Coverages (Domain and Range)

Reference: INSPIRE Data Specifications i Base Models i Coverage Types, version 1.0 [DS-
D2.10.2]

Definition: Coverage whose domain consists of a rectified grid

Description: A rectified grid is a grid for which there is an affine transformation between the grid
coordinates and the coordinates of a coordinate reference system.
NOTE This type can be used for both discrete and continuous coverages.

5.5.2.3.7. SurfaceTypeValue

SurfaceTypeValue

Package:
Reference:
Definition:

Description:

ElevationBaseTypes

INSPIRE Data specification on Elevation [DS-D2.8.11.1]

Enumeration type which determines the elevation surface with regard to its relative
adherence to the Earth's bare surface.

EXAMPLE DTM and DSM.
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5.6 Application schema ElevationVectorElements

5.6.1 Description

5.6.1.1. Narrative description and UML Overview

Figure 207 UML class diagram: Overview of the ElevationVectorElements application schema

This application schema constitutes the elevation model for the vector spatial representation type.
























































































































































































































































































































































































































