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ISO 19144

Foreword

-2:2012(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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bted by the technical committees are circulated to the member bodies for voting. Public
rnational Standard requires approval by at least 75 % of the member bodies casting a vote.

s. ISO shall not be held responsible for identifying any or all such patent rights.

Technical Committee ISO/TC 211, Geographic information/Geomati€syunder a cooperative,
veen the two organizations.

19144 consists of the following parts, under the general title Geographic information — Classificat|
Part 1: Classification system structure

Part 2: Land Cover Meta Language (LCML)

main task of technical committees is to prepare International Standards. Draft InternationaL Standards

tion as an

ntion is drawn to the possibility that some of the elements of this document may. bé the subjgct of patent

19144-2 was prepared jointly by the Food and Agriculture Organization-of the United Nations (UNFAO)

agreement

on systems:
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Introduction

Efficientassessment of land cover and the ability to monitor change are fundamental to sustainable management
of natural resources, environmental protection, food security and successful humanitarian programmes. Such
information is also required to help towards raising levels of nutrition, improving agricultural productivity,
enhancing the lives of rural populations and contributing to sustainable growth of the world economy. However,

in the past, policy-makers and planners have not had access to reliable and comparable land cover data,
only for lower-income countries but also at the regional and global levels.

not

Access has been I|m|ted by two factors: Lack of mapplng actlvmes and lack of commonahty between systems

classificatign systems However it has not been possible to compare or to exchange |nformat|on betw
current sysfems.

The aim of this part of ISO 19144 is to enable the comparison of information from existing classification syst
in a meaningful way without replacing them. The aim is to complement the development of future classificg
systems thgt can offer more reliable collection methods for particular national or regionalpurposes by allo
them to be flescribed in a consistent manner.

A critical fgctor in implementing such global activities is the availability of a cemmon, umbrella land c
classificatign system structure. This then provides a reliable basis for interaction without replacing
increasing mumber of national, regional and global land cover mapping andmonitoring activities. This ena
comparisorfs of land cover classes to be made regardless of mapping scalge; land cover type, data colleg
method or geographic location.

Another critical factor is the availability of a common reference for land"cover classification systems. This pg
ISO 19144 provides a metalanguage expressed as a UML modelthat allows different land cover classificg
systems to pe described.

This part off ISO 19144 establishes a metalanguage for a'set of objects and rules (language) to describe
cover featufes based on physiognomy that can be part of different land cover legends (nomenclature).
provides a framework for comparing different systems ‘and nomenclatures such as Corine, Africover, Ande
(USGS), Glpbal Map and national systems withoutreplacing them. This is not a description of a nomenclg
nor is it a dgscription of a specific set of classes!.
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ERNATIONAL STANDARD ISO 19144-2:2012(E)

Geographic information — Classification systems —

Part 2:
Land Cover Meta Language (LCML)

2.1

Thr¢e conformance classes are identified in this part of ISQ.19144.

2.2

A la
sha

a)

b)

2.3

The
abs

a)
b)

<)

ny generic land cover classification system, but does not intend to replace those classification

Conformance

Classes

Conformance of a land cover classification'system

hd cover classification system, as defined in_aecordance with the LCML defined in this part of
| satisfy the conditions specified in the following abstract test suite:

ISO 19144-1 (Annex A) for general cgnformance of the classification system;

A.2.

Conformance of a register for the extension of the metalanguage

register defined in this’' part of ISO 19144 shall satisfy all of the conditions specified in t
ract test suites:

ISO 19135 farthe general register structure;
A.3.1 fof\the minimum register content;

A.3.2(for uniqueness of registered metaclass names;

amodel that
ts. This part
not specify
land cover
tion of data
systems.

ISO 19144,

e following

d)

2.4

ASA o 1 : i FETRRITY
A0 1O DdURWATU CUTMTTPAU DI,

Conformance of a comparison process of land cover classification systems

The process of comparison of two land cover classification systems shall be done by developing descriptions
of the two land cover classification systems, each in accordance with the abstract test suite in A.2, and then
identifying the differences in accordance with the abstract test suite in A.4.

3

Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced document
(including any amendments) applies.
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ISO 19109:2005, Geographic information — Rules for application schema

ISO/TS 191

03:2005, Geographic information — Conceptual schema language

ISO 19144-1:2009 Geographic information — Classification systems — Part 1: Classification system structure

ISO 19135:2005, Geographic information — Procedures for item registration

4 Terms, definitions, and abbreviations

41 Term

For the pur

NOTE )
classifiers in

411

initi
poses of this document, the following terms and definitions apply.

[he technical terms applying to plant physiognomy, and terms from other disciplines used to.establish
the classification scheme are not defined in this part of ISO 19144.

abstract test suite

abstract tes
[ISO 19105

41.2
classificat
abstract reg

[1SO 19144

41.3
classificat

t module specifying all the requirements to be satisfied for conformance
2000, 3.4]

on

resentation of real world phenomena using classifiers¢(4:1.4)

£1:2009, 4.1.4]

on system

system for @ssigning objects to classes

[1SO 19144

41.4
classifier
definition us

[ISO 19144

NOTE (

specific ruleg.

41.5
feature
abstraction

£1:2009, 4.1.5]

ed to assign objects to legend classes (4.1.11)
£1:2009, 4.1.6]

Llassifiers can be-algorithmically defined, or defined according to a set of classification system (4

of reéal world phenomena

[ISO 19101
EXAMPLE

ZUUZ, 4. T1]

the

1.3)

The phenomenon named “Eiffel Tower” can be classified with other similar phenomena into a feature type

named “tower”.

41.6
item class
set of items

[ISO 19135:

NOTE

with common properties

2005, 4.1.6]

Class is used in this context to refer to a set of instances, not the concept abstracted from that set of instances.
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41.7
land cover
observed (bio)physical cover on the Earth’s surface

[UN

FAO LCCS 2:2005]

NOTE Land cover is distinct from land use (4.1.9).

41.8
land cover metalanguage
logical general model used to describe land cover (4.1.7) features (4.1.5) from which more specific rules can

be
41.

land use

arr
pro

[UN

NOT
their
clas

EXA

surfaces such as a beach; a built-up area such as a pleasure park; woedlands etc.

41.

legénd

app)
[UN
4.

legénd class

clag
[1SQ

NOT
a‘le

41.

phyjsiognomy

gen

41.
reg
set

Fa LA 4 2\
A~ R} \“I‘.I.\J,

ngements, activities and inputs people undertake in a certain land cover (4.1.7) type to m
uce change

FAO LCCS 2:2005]
E The definition of land use in this way establishes a direct link betweendand cover and the actions
environment. Multiple land uses can coexist at the same location (e.g. forestrinand recreation), contrary

5es that are mutually exclusive.

MPLE “Recreation area” is a land use term that can be applicable to different land cover type

0

ication of a classification (4.1.2) in a specific area'using a defined mapping scale and specifi
FAO LCCS 2:2005]
1

s resultant from the application of @ classification (4.1.2) process
19144-1:2009, 4.1.16]

E In order to avoid confusion with respect to the term “class”, the result of a classification process \
gend class”. This use of(the term “class” is distinct from the term “class” as used in UML modelling.

2

cral appearance of an object or terrain, without reference to its underlying or scientific charact

3
ster
pf files containing identifiers assigned to items with descriptions of the associated items

pintain it or

of people in
to land cover

, €.g. sandy

C data set

ill be termed

pristics

[ISO 19135:2005, 4.1.9]

4114
registry
information system on which a register (4.1.13) is maintained

[ISO 19135:2005, 4.1.13]

4.2

Abbreviations

CEC Commission of the European Communities
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CORINE Coordination of Information on the Environment, EU

LCCS Land Cover Classification System

LCML Land Cover Meta Language

LC Prefix used to identify classes in the Land Cover Meta Language
TDS Total Dissolved Solids

UML Unified Modelling Language

UNEP United Nations Environment Programme

UNESCO United Nations Educational, Scientific and Cultural Organization
UNFAO United Nations Food and Agriculture Organization

UNFAO LCLCS UNFAO Land Cover Classification System

5 Notation

The conceptual schema specified in this part of ISO 19144 is described using the Unified Modelling Langyage
(UML), following the guidance of ISO/TS 19103.

Several mofdel elements used in this schema are defined in other ISQ. geographic information standards| By
convention within ISO/TC 211, names of UML classes, with the exception of basic data type classes, inclu¢le a
two letter pfefix that identifies the standard and the UML packagg’in which the class is defined. UML clagses
defined in this part of ISO 19144 have the two letter prefix of\LC. Examples in this part of ISO 19144 have
the two letter prefix EL. The classes in the meta model in-Annex B use the prefix LM. Table 1 lists the gther
standards gnd packages in which UML classes used in this part of ISO 19144 have been defined.

Table 1 — Sources of externally defined UML classes

Prefix Standard Package
CL 19144+ Classification System Structure
RE 19185 Procedures for registration

In accordarjce with the ISO/IEC Directives, Part 2, the decimal sign used in the body of the text in this part of
ISO 19144 |s a comma. However/in the UML models in figures, and in strings of Object Constraint Langyage
text taken fiom the model as\quoted in curly brackets ” {} ¢, the decimal sign used is a period.

6 Context

The purpoge of. this part of ISO 19144 is to define a common reference structure for the comparison |and
integration pf-data for any generic land cover classification system. The approach has been to define a ljand
Cover Meta Language (LCML) expressed as a UML model that allows different land cover classification
systems to be described. This approach provides a rigorous logical framework for the description of any land
cover classification system. This will improve the harmonization and integration of spatial data sets defined
using different land cover classifications and the legends or nomenclatures developed from these systems and
allow them to be compared and integrated.

This part of ISO 19144 defines a LCML for a land cover classification system?). It recognizes that there exist
a number of land cover classification systems and nomenclatures in a number of countries and regions, and
that these systems are well established and cannot be easily changed. In fact, portions of these systems are

1) The LCML is derived from the concepts in the land cover classification system (UNFAO LCCS version 3) established
by the Food and Agricultural Organization (FAO) of the United Nations [34]. [35]. The UNFAO LCCS classification system is
one particular classification system for land cover based on plant physiognomy and does not exclude other classification
systems being established for land cover for other purposes.

4 © 1S0 2012 — All rights reserved
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set in law in some nations with respect to land use legislation. For example, the definition of wetland is of great
importance in some nations because there is environmental legislation in many nations to protect wetlands.
Yet the definition of wetland varies between jurisdictions, and there is a need to be able to compare this and
other types of land cover object. A wide acceptance of an approach to handling the description of land cover
depends upon its flexibility to accommodate nomenclatures derived from different systems.

The approach taken in this part of ISO 19144 is to avoid specific limitations such as fixed value ranges for
attributes and the use of specific definitions for classifiers to increase the acceptability to the international
community. The LCML defined in this part of ISO 19144 avoids complex definitions, prefixed ranges of values
and specific detailed classification rules. It acts as a method to bring the land cover community together to
create a common understanding of land cover nomenclatures with the aim to produce global regional and
natipnal data sets able to be reconciled at different scales and detail level and geographic places.

Ond example of a land cover classification system is the UNFAO Land Cover Classification.Sysfem.[34] The
purpose of the UNFAO LCCS, which is standardized by the UNFAOQ, is to give to the interndtionall community

one
defi
orn
LCN
the

The
covi
stru
clas
and
can
use

The
crea
and
a sq

Lan
elern
elern
for

defi

possible system to classify land cover with a parametric approach that is compliant with the
hed in this part of ISO 19144. Other land cover classification systems can also he'defined by ot
ational bodies. The UNFAO LCCS is described as a set of classifiers and rule’s expressed in

IL. Any other national or multi-national land cover classification system can also be described
| CML. Examples of different national or regional classification systems-are given in C.10 to C.

LCML complies with the general structure for classification systems,defined in ISO 19144-1 ir

cture used to represent the classified data can be that of a diserete coverage as described in ISO
sifiers described in accordance with the LCML can be maintained in a register, compliant with
with ISO 19144-1; that is, the classes described using the)metalanguage defined in this part o
populate a register for classifiers as described in ISO #9144-1. Registration within this part of |
J in a very different way. It is used to allow for extension of the LCML.

LCML provides a general framework of rulescfrom which more exclusive conditions can bg
te specific classification systems. It is a language based on physiognomy and stratification o
abiotic materials. The system can be usedto specify any land cover feature anywhere in the

H cover metalanguage descriptor.objects are defined by a combination of a set of land cover me
hents. These land cover metalanguage-elements are divided in two categories: “basic me
hents”, the elements that canstitute the main physiognomic aspects of biotic and abiotic cover fe
iotic features trees, shrubs, herbaceous vegetation, and “metalanguage-element properties”
e the physiognomic/structural aspect of the basic objects.

Furiher definition of thie'tand cover classes can be achieved by adding the metalanguage-element cha

The
“LC
dire

characteristics are of two types: land cover element characteristics and land cover class cha
| ClassCharagcteristics” and “LC_ElementCharacteristics” are defined as optional descriptive e
Ctly relatéd to the physiognomic/structural characterization of the land cover metalanguage-ele

ElementCharacteristics” can be applied to a single basic metalanguage-element. “LC_ClassCha

rela
bas

e to.a'whole land cover class, defined as the combination of single or multiple strata of singlg

metamodel
her regional
erms of the
in terms of
5.

that a land

br classification system described in the LCML can be created¢so as to comply with 1ISO 19144-1. The

19123. The
ISO 19135
[ ISO 19144
50 19144 is

derived to
f both biotic
wvorld, using

t of independent diagnostic criteria that'allow correlation with existing classifications and legends.

alanguage-
alanguage-
atures, e.g.
that further

racteristics.
racteristics.
ements not
ment. “LC_
racteristics”
or multiple

c-hieta-elements. The definition of these characteristics in this part of ISO 19144 is infomative, not

normative, i.e. other sets of characteristics can be established and used with the LCML basic elements. These
characteristics do not in any way prescribe how a land cover classification system is to be established. When
used they can assist in better defining a land cover class and therefore make it easier to compare classes
between land cover classification systems.

The metalanguage generates mutually exclusive land cover classes, with specific rules to deal with the all
functional elements of the language (basic metalanguage-elements and properties) and the different strata.

All land covers can be accommodated in this highly flexible approach. The metalanguage can be used to
describe different land cover classification systems in terms of the same basic metalanguage-elements, thus
contributing towards data harmonization and standardization. Data defined using different nomenclatures can
be used together with or fused with other data described according to a classification scheme which is also
expressed in the metalanguage. By standardizing the principles and structure of a metalanguage, it is possible
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to interwork with other application areas or other nomenclatures within an application area. This is similar
to interworking between other geographic information systems that comply to the same feature cataloguing
methodology but use different feature catalogues, although in this case the concept of features are constrained
to that of a classification system that partitions the attribute space (range) of a discrete coverage. Different
nomenclatures, which are legends of classes defined in accordance with the LCML system, can be used within
multiple product specifications. Nomenclatures defined in accordance with the LCML are in compliance with
the general feature model defined in ISO 19109. This point is covered in more detail in Annex B.

7 Conceptual basis

7.1 Definition adopted for land cover

The commg@n integrated approach adopted in this part of ISO 19144 defines land cover as the observed
physical coyer on the earth’s surface. Land cover is considered to be a geographically explicit feature that o
disciplines [nay use as a geographical reference (e.g. for land use, climatic or ecological studies).

bio)
ther

7.2 LCML approach to class definition

721 LC

A given Ian’\l
that has beg
unique conj
(from differ
elements th

L basic principle

cover class in a land cover classification system is described bya land cover metalanguage ok
en formed by the combination of a set of independent land)cever metalanguage-elements. [The
bination of the metalanguage-elements describes the land cover class. Two land cover clagses
bnt land cover classification systems) can be comparéd-by looking at the list of metalangugge-
at are combined to describe each class.

ject

7.2.2 Lang cover classification system design criteria

Land cover
LC_Elemer
cover meta
descriptive

Due to the

All vegetate
the basic m
arrange the

The non-ve

The basic
and abiotic
“properties’
and vertica

classes shall be defined by a set of land cover metalanguage-elements as represented by the G
t and its subtypes. Further definition ef the land cover classes may be achieved by adding

anguage characteristics. “LC_ClassCharacteristic’ and “LC_ElementCharacteristic” are define
blements not directly related to the physiognomic/structural characterization of the land cover ob,

neterogeneity of land cover metalanguage objects, certain design criteria have been applied.

d classes are derived from-a consistent physiognomic structural conceptual approach that comb
etalanguage-elements-for growth form with their physiognomic properties Cover and Height
m in strata. At any-level specific characteristics can be added.

petated metaclasses have a specular approach.

elements\of ‘'each of the two class groups constitute the main physiognomic aspects of b
cover._features. For instance, for biotic classes, trees, shrubs, herbaceous vegetation etc.,
thatfurther define the physiognomic/structural aspect of the basic objects are mainly the horizqg

ass
and
i as
ect.

nes
and

otic
the
ntal
It of

arfrangement of the basic metalanguage-element cover and height. All these elements (or pa

them) can be arranged in one or more layers or strata.

Further definition of the land cover classes may be achieved by adding land cover characteristics. Land
cover characteristics are defined as descriptive elements not directly related to the physiognomic/structural
characterization of the class. Land cover element characteristics relate to the basic metalanguage-elementitself.
Land cover class characteristics relate to the whole final Land Cover metaclass, defined as the combination of
single or multiple strata of single or multiple basic meta-elements.

This results in a land cover class defined by specific rules that govern the place and the functional position of
all elements of the language as basic metalanguage-elements and their properties, (land cover characteristics)
and the different strata composition.
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7.2.3 General rules for classification

The factors governing the concepts of classification of Vegetated and Non-Vegetated metaclass groups are:

The

7.2,

The
glog
sub
clas
UM
elen

7.2,

Sev|
and
stra
layg

7.2.

The
obje
leve
met
clag
refin
bas
whi

p—tandcover metatanguage-eterments

p Packages

the definition of “appearance” or physiognomic aspect of the basic meta-elements LC_Vegetation and

LC_AbioticSurface
the definition of the layering or strata of vegetated and/or abiotic metaelements.

two main aspects are described in 7.2.4 to 7.2.6.

description of each of the land cover metalanguage-elements, the subtypes of LC_Elemeén,is
sary of land cover elements in Annex D. This description is informative in that it provides me
ypes of LC_Element, but it does not in any way provide definitions for classes in a.particula
sification system. The relationship between each of the land cover metalanguagés€lements is
L model in Clause 8. These are arranged by physiognomic aspect. The model atso'shows how th
hents may be combined to form strata and how these may be combined to form land cover me

b Layering

eral vegetated or non-vegetated basic metalanguage-elements may be combined to form a laye
these strata may be combined to form a metalanguage descriptor object. There is no limit to th
a and to the number of metalanguage-elements (vegetated and/or abiotic) forming the strata. (
rs can be further characterized by their temporal or vertical relationship.

UML model of each of the land cover metalanguage-elements is given in Clause 8. The md
cts are organized into several packages. Fhe package LC_LandCoverClassStructure descril]
| structure of the model. The packages*LC_Vegetation and LC_Abiotic define the basic |
blanguage objects for vegetation and hon-vegetation (abiotic) surfaces. The optional characte
s level and at the element level given in LC_ClassCharacteristics and LC_ElementCharacteri
e the metalanguage objects. The.metalanguage value types given in LC_ValueTypes define th

th may be used to extendthe’LCML. This is represented in Figure 1.

given in the
bning to the
land cover
given in the
b land cover
aclasses.

r or stratum
B number of
Dne or more

talanguage
es the high
C_Element
istics at the
stics further
e allowable

c numerical types with copstraints. The LC_Registers package includes the definition of the registers
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LC_LandCoverClassStructure

LC_Vegetation | LC_Abiotic

|
|
|
|
|
|
|
I |
| |
| \ - |
| |
| |
|

Vi 2N \i

LC_ElementCharacteristics | \ LC_ClassCharacteristics |

]
|
|
|
|
- \ /
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LC_Registers | LC_MetaValueTypes |

Figure 1 — LCML<packages

8 LCMLobjects

duction to LCML objects

The LCML i a metalanguage which may be used to describe a wide variety of land cover classification syste
The LCML pperates by describing each class in a land cover classification system in terms of a set of b
elements thiat when combined.déscribe each aspect of the land cover classification system class. That is, &
class in a land cover classificdtion system may be modelled using the basic element objects defined in
LCML. Thege elements dre all subtypes of the object LC_Element, so any particular land cover classificg
system clags can be described as a combination of a set of LC_Element subtype A+B+Q+Y etc. Two diffe
land cover ¢lassification system classes (from different land cover classification systems) can be compare
examining the LC>Element subtypes of which it is composed. If one class from one system is composed of,
example LQ Element subtype A+B+Q+Y and another of LC_Element subtype A+B+Y then one can deterr

ms.
asic
ach
the
tion
rent
d by

for
hine

that the diffi

liled

manner is important for establishing mappings so that data sets can be generated by the fusion of data from

different sources.

The LCML described in this part of ISO 19144 is one of many possible metalanguages. Any set of basic
elements that fully describe a topic area could be chosen as the basic vocabulary to establish a metalanguage.

Itis possible to establish other metalanguages based on different criteria. However, in order to do a compar

ison

and to integrate data from different land cover systems it is necessary to standardize one metalanguage. This

avoids the need to standardize classification systems.

8.2 Relation to ISO 19144-1 Classification system structure

The LCML metalanguage is used to describe a land cover classification system which is itself a UML mod
classes that is then used to generate a legend (or nomenclature).

el of
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A classification system consists of a set of Land Cover Classes?) that are established to exhaustively represent
a particular aspect of the reality. The totality or a subset of these classes may be selected to describe a
particular geographic area establishing a legend or nomenclature. A land cover classification system is
general in that its classification scheme classes do not address a specific geographic area or collection scale,
whereas a legend or nomenclature is established specifically for a geographic area. The relationship between
a classification system and legend is described in ISO 19144-1. There are two separate semantic levels of
abstraction involved. A legend (or nomenclature) is concrete in that it defines legend classes, instances of
which can exist within a particular geographic area. A classification system is a semantic level of abstraction
above a legend that characterizes the functional relationship of a set (finite or infinite) of possible classes and
defines their descriptive criteria. The LCML metalanguage is another semantic level of abstraction higher. The
met . o )

Thelinitial (root) class of the LCML is the LC_LandCoverClassificationSystemMetaLanguage object| This object
is composed of all the land cover elements used to describe the classes that make up a classificgtion system
as diven by LC_LandCoverClassificationSystem. LC_LandCoverClassificationSystemMétatangugdge object is
an aggregation of the land cover descriptor objects LC_LandCoverDescriptor. The LExLandCovegrDescriptor
objgct describes the LC_LandCoverClass, which is a subtype of CL_LegendClass'as defined in I$0 19144-1.
Thel LC_LandCoverDescriptor object is the link to the more general classification system i
ISO] 19144-1. An application schema for a land cover classification system~described in conformance with
this|part of ISO 19144 and established in conformance with ISO 19109 shaljinclude the classific
structures defined in ISO 19144-1.

8.3|] Composition of a LC_LandCover object

The| LC_LandCover objects are composed of classification_system elements LC_Element. Thede elements
may| be organized into strata (or layers) through the LC_Stratum object. Specific rules apply to the gomposition
of a|stratum and the relationship of elements in differept’stratum. The LC_Elements in a stratum fnay also be
organized so as to describe a horizontal pattern through the class LC_HorizontalPattern.

Thel LC_Element metalanguage object is an abstract UML class that is a generalization of a large¢ number of
subfypes. These subtypes form the basic elemients of the LCML metalanguage model. A classificajion system,
desgribed in terms of the metalanguage, consists of land cover classes formed as instantiations ¢f the LCML
metplanguage model subelements in yarious combinations.

Thelstructure of the LCML is represented in UML. The definitions of each of the land cover basic element classes,
the subtypes of LC_Element, are-contained in an associated glossary. The glossary is informative in that it is used
as g guide for matching class€s,in a land cover classification system with a set of descriptive elemepts from the
methlanguage, but it does/not dictate the definitions of the classes in any land cover classification $ystem. The
defipitions and their inhéritance and other relationships are also contained in a register. This makes the LCML
extgnsible since additienal basic elements may be defined as required. Registration is described in Clause 9.

2) The term class has several meanings in this part of ISO 19144. The UML modelling language uses the term class as
a construct in an object oriented programming or data modelling paradigm, as the template for an object. That is, a UML
class describes the properties associated with the instances of the class called objects. The term class is also used in this
part of ISO 19144 to represent a construct in a classification scheme. A classification scheme consists of a set of classes
subdividing the concepts within a given topic area. There is an unavoidable conflict with the terminology when a modelling
language such as UML is used to describe a classification scheme metalanguage such as the LCML. The term class is used
in normal practice in both modelling and classification and it is unreasonable for either modelling or classification to avoid the
term. Adjectives have been used in this document where possible to reduce this confusion, for example UML classes can be
called “UML classes” and classification scheme classes can be called “classification classes” or “legend classes”. At times
a UML class describes a classification class and it is possible to dispense with the adjective since both meanings of class
are equivalent in the context. The conflict results from the fact that there is a deep relationship between data modelling and
classification as used in other domains. There is a similar related potential conflict with the associated terms of attribute and
object. Adjectives have been used where possible, but at times it is necessary to derive the meaning from the context.

© 1S0O 2012 — All rights reserved 9


https://standardsiso.com/api/?name=7654ef09880f184d8f22508526a86c87

ISO 19144-2:2012(E)

8.4 Elements of the LCML metamodel

The schema specified in Clause 8 describes the structure of the LCML. The schema consists of the elements
defined in 8.5 to 8.28. The schema is specified in UML 2.03) in conformance with ISO/TS 19103. The schema
of the LCML register is described in 9.3.2.

8.5 High level structure

8.5.1 High level structure subtypes

The high —fevetr—structure—of—the—tCMt——comsists—of —the—Tetationstips—betweerm—the—.C _
LandCover(lassificationSystemMetalLanguage object and the aggregation of a setof LC_LandCoverDescriptor
objects. THe LC_LandCoverClassificationSystemMetalLanguage object is a description of a Jand cpver
classificatign system as represented by the class LC_LandCoverClassificationSystem. The individual LC
LandCoverDescriptor objects may be serialized to produce LC_LandCoverClass(s) which. eofrespongdl to
individual classes in a land cover classification system. LC_LandCoverClass is a subtype of GL_LegendClass
as defined in ISO 19144-1. This is represented in Figure 2.

«interface»

LC_LandCoverClassificationSystemMetaLanguage << _«_se;aEe: - LC_LandCoverClassificationSystem
{root}

L PR
+classificationSystem ’
+landCoverMetaLanguage <>

metaLanguageSystemCollection system Calgtion Issot19144-(:LCIESS|fu;a(t:|lon
ystems::CL_LegendClass
+landCovdrClassDescription 1.* +classjficationSystemClass 1.* Zr
dinterfacen . <~ —— —— L —— LC_LandCoverClass
LC_LandCoverDescriptor «serializew

Figure 2 — High level structure of the Land Cover Classification Model

8.5.2 Higl level structure classes

8.5.2.1 L({_LandCoverClassificationSystemMetaLanguage

The initial {root) class of the LCML is the LC_LandCoverClassificationSystemMetalLanguage object. [This
object is cdmposed of all thefand cover elements that when serialized describe the classes that make lip a
classificatign system as given by LC_LandCoverClassificationSystem.

The LEC LandCoverClassificationSystemMetaLanguage object has one relationghip
Metalangupge SystemCollection. LC_LandCoverClassificationSystemMetalLanguage is an aggregation of the
land cover pbjects LC_LandCoverDescriptor.

The diagram in Figure 2 shows that there is a parallel relationship between the descriptors that compose the
metalanguage and the land cover classes that compose a land cover classification system. The descriptors
are used to describe each class in a land cover classification system, and the whole metalanguage is used
to describe the whole classification system. The LC_LandCoverClass is a subtype of the more general CL_
LegendClass described in ISO 19144-1.

3) The UML model makes use of constructs available in UML 2.0. In particular the elements of the metalanguage are
described as interfaces. The Land Cover Classification System elements conform to the interface that the Land Cover Meta
Language model element establishes.
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8.5.2.2 LC_LandCoverClassificationSystem

The LC_LandCoverClassificationSystem metalanguage object is described by the components
LandCoverClassificationSystemMetaLanguage object. It corresponds to a land cover classificatio
consists of all the land cover classes in a land cover classification system.

of the LC_
n system. It

This object has the relationship systemCollection. It is an aggregation of LC_LandCoverClass objects. It is
also related to LC_LandCoverClassificationSystemMetalLanguage by the dependency relation that indicates a
LC_LandCoverClassificationSystem described by the serialization of the metalanguage objects that compose

the LC_LandCoverClassificationSystemMetalLanguage.

8.5.2.3 LC_LandCoverDescriptor

The

clagsification system. The LC_LandCover object is used to describe the LC_LandCoverClass.

Thig
Lan
rela
obje

class is an element in the aggregation in the metaLanguageSystemCollection velationship W
CoverClassificationSystemMetalLanguage object. It is also related to LC_LandCover by the ¢
ion which indicates that the LC_LandCoverClass is described by the serialization of the mq
cts that compose the LC_LandCoverDescriptor.

8.5.2.4 LC_LandCoverClass

The
objd
LC |
Lan

LC_LandCoverClass metalanguage object is the result)of/the serialization of the LC |

LandCoverClass is described by the serialization of the’metalanguage objects that compo
HCoverDescriptor. It corresponds to a single land coyéb class in a land cover classification sys

Thig

Thig object is a subtype of the class CL_Legend€lass as defined in ISO 19144-1; that is, it is a sq

of algeneral classification system Legend Class for the use of land cover.
8.6] Land Cover Meta Language object structure
8.6.1 Land Cover Meta Language object structure subtypes

The]meta language objectsstructure establishes the rules for the aggregation of occurrences of LC_H
the pbject LC_LandCovér;thatwhenrealized produces a classin aland cover classification system. G
of LIC_Element may_be)combined in layers using the stratumComposition relationship between |
and|LC_Stratum. The'relationship of the LC_Elements within a layer is given by the inSameStrataR
Sevgral types aof,felationships including a sequentialTemporalRelationship, a conditional relation
exclusive (X@R)'relationship may be described by the LC_ElementRelationInSameStratum assoc

object has a relationship systemCollection with.the object LC_LandCoverClassificationSystein.

LC_LandCoverDescriptor object is the metalanguage level template for a land cover class in § land cover

ith the LC_
ependency
talanguage

| LandCover

ct; that is, it is related to LC_LandCoverDescriptor by asdependency relationship that indicates that the

se the LC_
em.

ecialization

lement, into
ccurrences
C_Element
elationship.
Ehip and an
ation class.

Thefe maytie any number of strata. The relationship between the strata is given by the interStrataR
Severalitypes of relationships including a conditional relationship and an onTop relationship may b

Elemnents in a stratum may be built upon the same baseline or they may be indicated to be on toi

elationship.
described.
of another

stratum. This is represented in Figure 3.
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«interface»
LC_LandCoverDescriptor

LC_lInterStrataRelationship
metaLanguageElementComposition

1.* + presenceType: LC_StratumPresenceType [0..1]
+ onTop: LC_OnTopType [0..1]
«interface» /l
LC_HorizontalPattern /
/
+ patternType: CharacterString [0..1] / [winvariant»
+ patternCoverPercentage: LCiPermittedPercentageValue [0..1] // {An instance of LC_Stratum metalanguage object may not
+ patternOccurrence: LC_PermittedPercentageValue [0..1] // have an interStrataRelationship with itself}
2
i /
4 4
muItiIIayerComposition 1 / /’
o / ,/
i 1 // " | «invarianty
ABRE: e {If two or more LC_Elements in the stratum are regulated hyjan
LC_Stratum ‘

exclusive or temporal relationship the element of the stratim'With an
______ onTop relationship goes "on top" of all of the elements regulated by thg

exclusive or temporal relationship.}
’ 0.1 Feee

{sequence} ~~o

«invariant»

{If two or more LC_Elements are regutated by a "conditional"
relationship the LC_Element from, the.on top stratum goes "on top" of
the "fixed" element in the conditiorialrelationship.}

+ name: ChgracterString [0..1]

{Non-recursive} interStrataRelationship

strgtumComposition  |--—o_____
{100%} | T TTTTTTmeeee L
_____ «invariant»
{the sum of the cover.ofall the LC_Elements within one stratum can
not be more than 1.00%)
1.*
«interface» 1 LC_ElementRelationInSameStratum
et + presenCefype: LC_ElementPresenceType [0..1]
0.1 I-—1+ temporalType: LC_SequentialTemporalRelationshipType [0..1]
{ordered} + lengthOfTemporalRelationship: LC_PermittedPosRealRange [0..1]
<
N
inSameStrataRelationship \\ constraints
\\ {presence}
«codelist» \‘\
LC_StfatumPresenceType S
«invariants, AN
+ fixed {an LC_Element may have a sequentialTemporalRelationship only with
+ conditional the next'one in the ordered list of LC_LandCoverElements which belong
RIS to the same LC_Stratum}
«codelisty IR NN
LC_EldgmentPresenceType «codelisty
) Note: LC_StratumPresenceType, LC_OnTopType
+  fixed
v oexcusive | parsoA-—---- LC_ElementPresenceType and -
: ( LC_SequentialTemporalRelationshipType + baseline
+ conditional . , ‘ + previousE1
. . lists maybe extended through registration P
+ sequentialTemporalRelationship b - + previousE2
N/ /,/ + previousE3
) -7 1+ previousAll
«codelist» T, stratum1E1
LC_SequentialTemporalRelationshipType -7 + stratum1All
+ sequentialfameYear el + stratum2E 1
+ sequentialJtherYean /,/ +  stratum2All
-~ N
Note: Other relations such as previousE4 , previous E2-5, stratum3E4 etc. which are logical extensions of the predefined
relations in the enumerated value listin LC_OnTopType can be defined through registration by the user, but are not
predefined in the standard for simplicity and because such complex relations would be used infrequently.

Figure 3 — Land Cover Meta Language object structure
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8.6.2 Land Cover Meta Language object structure classes

8.6.2.1 LC_LandCoverDescriptor

The Land Cover Meta Language object structure establishes the rules for the aggregation of occurrences of
LC_Element, into the object LC_LandCoverDescriptor, that when serialized describe a class in a land cover
classification system. The LC_LandCoverDescriptor objects are composed of classification system elements
LC_Element. These elements may be organized into stratum (or layers) through the LC_Stratum object.
Specific rules apply to the composition of a stratum and the relationship of elements in different stratum.
The LC_Elements in a stratum may also be organized so as to describe a horizontal pattern through LC_

HorjzentalRattern-

Thig object has a composition relationship with the object LC_HorizontalPattern through
metaClassComposition.

8.6.2.2 LC_HorizontalPattern

The| LC_HorizontalPattern object allows the ordering of LC_Stratum objects consisting of single g
of UC_Elements, into one or more horizontal pattern(s). A horizontal pattérn may be used for

he relation

r groupings
a complex

Lanf Cover object composed by two or more distinct land cover features. taf will be handled as § “unicum™)

indgpendently from scale constraints. An example is the vegetation:formation called “tiger H
congists of a combination of patches of open shrubs and patches &f open grassland in a specifi
pattern. These two LC_Element objects are treated together as aneland cover object, independe
An ¢xample of tiger bush is given in C.2. Using the horizontal patfern construct a user can indicate
scale this object will be always a combination of these two LC\Element objects.

A horizontal pattern for an object is distinct from~{he combination of two LC_LandCoverDesc
ould otherwise be distinct but are combined because they cannot be distinguished at a given scale.

rately and are therefore combined into a combined-class A/B. At other scales these would be separa
riptor meta classes.

object LC_HorizontalPattern has three optional attributes: patternType, patternCoveragePerq
ernOccurrence. The permitted valges of the attribute patternType are described in free text in
ing. The permitted values of the attribute patternCoveragePercentage are described by the
_|PermittedPercentageValue. The permitted values of the attribute patternOccurrence are desc
e object LC_PermittedPercentageValue.

8.6.2.3 LC_Stratum

Indi
(or
ala

ayers). The LC-Stratum object represents a grouping of land cover elements (LC_Element
yer. This dayer can then be considered as the definition of a component of an LC_LandCove

ush” which
C horizontal
nt of scale.
that at any

iptor objects
-or example,
t be mapped
e land cover

entage and
a character
alue object
fibed by the

vidual or groups ofland cover elements (vegetated and/or non-vegetated) may be assembled into strata

that make
rDescriptor

and| herbs with different cover of the woo
in eachstrs ay-overtap-st
LC_Stratum

dy component of the vegetation types. The cover of t

and the layering construct are given in Annex C.

ct. Several’strata may be combined in an ordered sequence to model specific land cover class¢

s in certain
es, shrubs
e elements
5 use of the

The LC_Stratum object may be a component of the description of a land cover class in a land cover classification
system, and form a component of a legend class in a legend derived from that classification system.

This object has three relationships:

4
e))(ample, specimen, or thing”. See Shorter Oxford English Dictionary (SOED) 1993.

© 1SO 2012 — All rights reserved
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The term “unicum” in this context designates a heterogeneous set of land cover elements represented as a single unit. “A unique
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— lthasacomposition relationship stratumComposition with the object LC_Element. Any number of LC_Element
(Vegetated and/or non-vegetated) can be combined in a stratum. The only constraint on this relationship is
that {the sum of the cover of all the LC_Elements within one stratum cannot be more than 100 %)}.

— There is an optional interStrataRelationship relationship between separate instances of land cover class
components from the LC_Stratum object. The properties of this relation are given in the association class
LC_InterStrataRelationship.

The object LC_Stratum has the optional attribute name which may be used to describe the horizontal pattern.
The permitted value of the attribute name is in free text in a character string.

8.6.2.4 L(_InterStrataRelationship

The associgtion class LC_InterStrataRelationship defines the relationship between instances ©of\the |LC
Stratum object.

A constraint is that {An instance of LC_Stratum metalanguage object may not have an interStrataRelationghip
with itself}.

igtion class LC_InterStrataRelationship has two attributes: presenceType @and onTop. The permitted
values of the attribute presenceType are described by the code list LC_StratumPresenceType. The permitted

presenceType allows one to indicate whether a stratum is fixed (mandatory); that is, it is always
present in the composition of elements for an LC_LandCoverDescriptoranetalanguage object, or whetherit is
conditional { This allows one to model a situation where a certain stratum is permitted but not always presept in
the definition of an LC_LandCoverDescriptor metalanguage object; for example, in describing a type of foregted
area where|a stratum containing the object representing a tree(isfixed (mandatory) whereas one for a shrub
is conditionpl (optional). The presenceType of conditional is useful when describing a land cover classificgtion
system thaf| contains classes or legends based on ambiguous definitions or when one wants to indicate tHat a
further refinement of the land cover class is possible. The‘default value of the attribute presenceType is “fided”.

The onTop attribute indicates a relationship between-strata where one stratum is defined in reference to anojher.
For example three elements: trees, shrubs and:herbs might exist in separate stratum and all originate from
the same soil background. See C.3 for an example using three strata. By default, if the onTop relationship|flag
is not specified then all the strata within_an LC_LandCoverDescriptor metalanguage object have a common
background reference. That is, the default relationship is to the common baseline. It is necessary to dgfine
other valuep of the onTop relationshipyexplicitly. An example, a “roof tree garden”, could be expressed @s a
building forming the first stratum with the object tree forming the second stratum on top of the first stratum. [This
construct is| very useful to deseribe trees with epiphytes or lianas, boulders with lichen or mosses etc.

There are tyvo constraints-on/the onTop relationship:

— {If two|or more £E€Y Elements in the stratum are regulated by an exclusive or temporal relationship| the
element of the-stratum with an onTop relationship goes “on top” of all of the elements regulated by the
exclusiyve or temporal relationship.}, and

— {Iftwol —Eleme
stratum goes “on top” of the “fixed” element in the conditional relationship.}.

top

8.6.2.5 LC_Element

The LC_Element object is a generalization of a large number of subtypes. These subtypes form the basic
elements of the LCML metalanguage model. A classification system, described in terms of the metalanguage,
consists of land cover classes formed as serializations of the LCML metalanguage model LC_Element subtypes
in various combinations.

If the LC_Element object is used with no subtypes, it describes an area with no data.
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This object has two relationships:

It is an element in the ordered relationship stratumComposition with LC_Stratum.

There is an inSameStrataRelationship between separate instances of the LC_LandCoverElem
The elements in the same strata are regulated by four different relationship statuses: Fixed

ent objects.
, Exclusive,

Conditional and Sequential Temporal as described in LC_ElementPresenceType which is a code list for

the attribute presenceType in the association class LC_ElementRelationinSameStratum.

The constraint on the relationship stratumComposition is that {the sum of the cover of all the LC_Elements

with

The
only

8.6.

The
LC |

The
and

ElementPresenceType. The permitted values of the attribute temparal Fype are described by the

LC |
are

The
that]
Lan
seq

permitted but not always present in the definition-affan LC_Stratum and indirectly an LC_LandCove

met
but

The
defa
bety

The
des
For
“seq
8.24

Opt
amt

8.6.

in one stratum cannot be more than 100 %}.

constraintontheinSameStrataRelationshipisthat{anLC_ElementmayhaveasequentialTemporalf
with the next one in the ordered list of LC_LandCoverElements which belong to the same LC

.6 LC_ElementRelationlnSameStratum

association class LC_ElementRelationlnNSameStratum defines the relationship‘between insta
Element object.

association class LC_ElementRelationlnSameStratum has three attributes: presenceType, te
lengthOf TemporalRelationship. The permitted values of the attribute. presenceType are descr

SequentialTemporalRelationshipType. The permitted values of the attribute lengthOfTemporalf
defined by the value object LC_PermittedPosRealRange.

attribute presenceType allows one to indicate whether*an LC_Element in a stratum is fixed (
is, it is always present in the composition of elemiénts for an LC_Stratum and indirectly
HCoverDescriptor metalanguage object, or whether it is exclusive, conditional (optional) of
Lential temporal relationship exists. This allows one to model a situation where a certain LC|

blanguage object; that is it is optional, and_also the situation where one of two LC_Elements
hot both (exclusive OR - XOR).

attribute temporalType for the association class LC_ElementRelationlnSameStratum is opti
ult that there is no sequential temporal relation. This attribute allows one to indicate a temporal

attribute lengthOfTemporalRelationship in the association class LC_ElementRelationInS3
cribes the length of-the’ temporal relationship using a value object representing a positive

uentialOtherYean™value of the attribute temporalType the value is measured in years, see §
.2.6 for a degscription of LC_PermittedPosRealRange.

onality.is\useful when describing a land cover classification system that contains classes or legen
iguous-definitions or when one wants to indicate that a further refinement of the land cover class

veen LC_Elements. One element may exist at one time and another element at a different tim¢.

Relationship
| Stratum}.

nces of the

mporalType
bed by LC_
alue object
Relationship

mandatory);
for a LC_
whether a
| Element is
rDescriptor
s permitted

bnal and by
relationship

meStratum
real range.

“sequentialSameYear” value of the attribute temporalType the value is measured in months. For

.6.2.6. See

s based on
is possible.

2:7—t€-StratumPresenceType

The code list LC_StratumPresenceType contains a list of types of stratum relationships, see 8.6.2.4. This
list contains two types: fixed and conditional. This list may be extended through registration. The attribute
presenceType for the association class LC_InterStrataRelationship is optional and is by default the first value
of this enumeration, namely “fixed”. The presence types are:

fixed — The LC_Stratum is always present in the LC_HorizontalPattern and indirectly in the LC_
LandCoverDescriptor metalanguage object.

conditional — The LC_Stratum may exist in the LC_HorizontalPattern and indirectly in the LC_
LandCoverDescriptor metalanguage object, dependent upon the existence of another LC_Stratum.
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8.6.2.8 LC_ElementPresenceType

The code list LC_ElementPresenceType contains a list of types of element relationships, see 8.6.2.6. This list
contains four types: fixed, exclusive, conditional and sequential TemporalRelationship. This list may be extended
through registration. The attribute presenceType for the association class LC_ElementRelationinSameStratum
is optional and is by default the first value of this enumeration “fixed”. The presence types are:

— fixed — The LC_Element exists in the strata
— exclusive — One of two LC_Elements may exist in the stratum (XOR relationship)

— conditi
of anot

nce

— sequentialTemporalRelationship — Two LC _Elements may exist in a strata linked with a sequentialtemgoral
relationjship.

8.6.2.9 L(C_SequentialTemporalRelationshipType

The code list LC_SequentialTemporalRelationshipType contains a list of types of temporal relationships. [This
list containg two types: sequentialSameYear and sequentialOtherYear. This list“may be extended thrdugh
registration

8.6.2.10 LG_OnTopType

The code list LC_OnTopType contains a list of types of on-top relationships for the onTop attribute of the LC__
InterStrataRelationship association class, see 8.6.2.4. The onTop+elationship make use of a code list in ofder
to make it gossible to define as many values as one wants and(give them explicit meanings. This is the most
flexible appfoach to handling the onTop relation. This list contains nine types. This list may be extended thrdugh
registration| The attribute onTopType for the association ¢lass LC_ InterStrataRelationship is optional and is by
default the first value of this enumeration “baseline”. Thé on top relationship types are:

— baseline — Elements of a stratum are “on top™of the baseline, where the baseline is a reference surface
which torresponds to the surface of the-earth (or water) covered by the land cover features that|are
instantfations of the LC_LandCoverDescriptor metalanguage object. Baseline is the default value of the
relationjship onTop.

— previoysE1 — Elements of a stratum are “on top” of the first element (or set of elements regulated by an
exclusiyve, temporal or conditional relationship) of the previous stratum.

— previoysE2 — Elements of-a-stratum are “on top” of the second element (or set of elements regulated by an
exclusiyve, temporal or‘conditional relationship) of the previous stratum.

— previoysE3 — Elerents of a stratum are “on top” of the third element (or set of elements regulated by an
exclusiyve, temparal or conditional relationship) of the previous stratum.

— previoyskgT1+2'— Elements of a stratum are “on top” of the first to second elements of the previous strgtum
(Where either the first and /or secaond element may he a set of elements regi llated hy an exclusive temgoral

or conditional relationship).

— previousAll — Elements of a stratum are “on top” of all the elements of the previous stratum.

— stratum1E1 — Elements of a stratum are “on top” of the first element (or set of elements regulated by an
exclusive, temporal or conditional relationship) of the first stratum defined in the set of stratum which are
components of the LC_LandCoverDescriptor metalanguage object.

— stratum1All — Elements of a stratum are “on top” of all of the elements of the first stratum defined in the set
of stratum which are components of the LC_LandCoverDescriptor metalanguage object.

— stratum2E1 — Elements of a stratum are “on top” of the first element (or set of elements regulated by an
exclusive, temporal or conditional relationship) of the second stratum defined in the set of stratum which
are components of the LC_LandCoverDescriptor metalanguage object.

16 © 1S0 2012 — All rights reserved


https://standardsiso.com/api/?name=7654ef09880f184d8f22508526a86c87

ISO 19144-2:2012(E)

— stratum2All — Elements of a stratum are “on top” of all of the elements of the first stratum defined in the set
of stratum which are components of the LC_LandCoverDescriptor metalanguage object.

NOTE Other relations such as previousE4, previousE2-5, stratum3E4 etc. which are logical extensions of the
predefined relations can be defined through registration by the user, but are not predefined in this part of ISO 19144 for
simplicity and because such complex relations would be used infrequently.

8.7 LC_Element

8.7.1 LC_Element subtypes

The| LC_Element metalanguage object has two subtypes representing the two basic types of land cover. This
is rgpresented in Figure 4.

The| metalanguage operates by representing land cover classes in a land cover classification system in terms
of the subtypes of LC_Element or set of LC_Element(s), with associated attributes and charactefistics. That
is, g particular land cover class in a land cover classification system may be modelled by the mgtalanguage
objgcts in the LCML and compared with another land cover class in a different land)cover classificdtion system
by éxamining the relationship between the models of the two classes in the~metalanguage reprgsentations.
Forexample, a particular concept may have a detailed explicit class in one{and cover classificatior] system but
it mpy only be able to represent it by a more general class in another land*cover classification sygtem. In this
casg it would be easy to determine from the representations of the two tand cover classification systems in the
LCNIL that one class was a specialization of the other.

In ofder for the LCML to operate, it is necessary to have definitions for the elements in the metalanjguage. The
clagses in different land cover classification systems are madelled with respect to these definitiong and so the
metplanguage objects in the LCML cannot be vague. Dgfinitions of the subtypes of LC_Element pre given in
the plossary in Annex D. These are not prescriptive definitions and do not limit the definitions that mpay be used
in apy land cover classification system. They are a set of reference definitions for the LCML.

«interface»
LC_Element

[

«interface» «interface»
LC-Vegetation::LC_VegetationElement LC_Abiotic::LC_AbioticElement

LB

Figure 4 — Subtypes of LC_LandCoverElement

8.7.2_-.C Element classes

8.7.2.1 LC_VegetationElement

The LC_VegetationElement metalanguage object is a subtype of LC_Element and represents one of the basic
types of land cover that may be used in a land cover classification system. This metalanguage object, when
instantiated, allows the generation of a general land cover feature class in a land cover classification system
for all vegetation covered surfaces.

8.7.2.2 LC_AbioticElement

The LC_AbioticElement metalanguage object is a subtype of LC_Element and represents one of the basic
types of land cover that may be used in a land cover classification system. This metalanguage object, when

© 1S0O 2012 — All rights reserved 17


https://standardsiso.com/api/?name=7654ef09880f184d8f22508526a86c87

ISO 19144-2:2012(E)

instantiated, allows the generation of a general land cover feature class in a land cover classification system
for all abiotic surfaces.

8.8 LC_VegetationElement

8.8.1 LC_VegetationElement subtypes

TheLC_VegetationElementmetalanguage objectisasubtypeofLC_Element. lthasonesubtype:LC_GrowthForm
and has a relationship growthFormCharacteristics to a component LC_LandCoverElementCharacteristic. This
is represented in Figure 5.

LC_Element
«interface»
< LC_VegetationElement
growthFormCharacteristics
«interface»

LC_GrowthForm

+ height: LC_PermittedPosRealValue
+ cover: LC_PermjttedPercentageValue

<7

* *

LC_LandCoverElementCharacteristic

«interface»
LC_ElementCharacteristics:: |
LC_GrowthFormCharacteristic I\

Figure 5 — Subtypes of LC_VegetationElement

8.8.2 LC_|VegetationElement classes

8.8.2.1 LG¢_GrowthForm

The LC_GrowthForm metalanguage object is a subtype of LC_VegetationElement. It has two optipnal
attributes: height and cover/The permitted values of the attribute height are described by the value oljject
LC_PermittedPosRealValue. The permitted values of the attribute cover are described by the value object LC
PermittedPgercentagéValue. This metalanguage object, when instantiated, allows the generation of a general

land cover rature class in a land cover classification system for all growth form vegetation covered surfages.
8.8.22 L istic

The component LC_GrowthFormCharacteristic is related to the LC_VegetationElement metalanguage object
by the relation growthFormCharacteristics. The component LC_GrowthFormCharacteristic may be used to
refine the metalanguage object LC_VegetationElement or any of its subtypes to permit the generation of a
more specific land cover feature class in a land cover classification system.

8.9 LC_GrowthForm

8.9.1 LC_GrowthForm subtypes

The LC_GrowthForm metalanguage object is a subtype of LC_VegetationElement and has four subtypes: LC
WoodyGrowthForm, LC_HerbaceousGrowthForm, LC_LichenAndMoss and LC_Algae. This metalanguage
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object, when instantiated, allows the generation of a general land cover feature class in aland cover classification

system for all growth form vegetation covered surfaces. This is represented in Figure 6.

LC_VegetationElement

«interface»
LC_GrowthForm

i

«interface» «interface» «interfacey «interface»
LC_WoodyGrowthForm LC_HerbaceousGrowthForm LC_LichenAndMoss LC_Algae,

+ status: LC_AlgaeStajtus [0..1]

«codelisty

L'C_AlgaeStatup

+INfloating
#Y submerged

Figure 6 — Subtypes of LC_GrowthForm

8.9.2 LC_GrowthForm classes

8.9..1 LC_WoodyGrowthForm

ThelLC_WoodyGrowthForm metalanguage object is a subtype of LC_GrowthForm. This metalangyiage object,

whgn instantiated, allows the generation of a general land cover feature class in a land cover c
system for all vegetation covered surfaces where the cover is a woody growth form.

8.9.2.2 LC_HerbaceousGrowthForm

The| LC_HerbaceousGrowthForm metalanguage object is a subtype of LC_GrowthForm. This mq
objgct, when instantiated, allows the generation of a general land cover feature class in aland cover ¢
system for all vegetation covered,surfaces where the cover is a herbaceous growth form.

8.9..3 LC_LichenAndMoss

The| LC_LichenAndMess metalanguage object is a subtype of LC_GrowthForm. This metalangy
whgn instantiated;, allows the generation of a general land cover feature class in a land cover c
system for all vegetation covered surfaces where the cover is a lichen and/or moss.

8.9.2.4 LC. Algae

The]LC) Algae metalanguage object is a subtype of LC_GrowthForm. It has one optional attribute:

assification

talanguage
assification

age object,
assification

status. The

permitted values of the attribute status are described by the code list LC_AlgaeStatus. This metalanguage
object, when instantiated, allows the generation of a general land cover feature class in a land cover classification

system for all vegetation covered surfaces where the cover is algae.

8.9.2.5 LC_AlgaeStatus

The code list LC_AlgaeStatus contains a list of algae status. This list contains two types: floating and submerged.

This list may be extended through registration.
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8.10 LC_WoodyGrowthForm

8.10.1 LC_WoodyGrowthForm subtypes

The LC_WoodyGrowthForm metalanguage object is a subtype of LC_GrowthForm and has two subtypes: LC
Tree and LC_Shrub and two components LC_WoodylLeafType and LC_WoodylLeafPhenology. The relationship
leafType is to LC_WoodyLeafType and the relationship leafPhenology is to LC_WoodyLeafPhenology.

LC_WoodyGrowthLeafType is an association class on the component relationship between the class LC_
WoodyLeafType and LC_WoodyGrowthForm. LC_WoodyGrowthLeafPhenology is an association class on the
component relationship between the class | C_Woodyl eafPhenology and | C_WoodyGrowthForm

This metalahguage object, when instantiated, allows the generation of a general land cover feature class in.d [and
cover classification system for all woody growth form vegetation covered surfaces. This is representedin-Figure 7.

LC_GrowthForm

«interface» LC_WoodyGrowthLeafPhénology
LC_WoodyGrowthLeafType LC_WoodyGrowthForm =
+ percentage: LC_PermittedPercentageValue [0..1] + percentage: LC_PermittedPercentageValue [0..1]
T~a -
+ leafType + leafPhenology
«invariant» B «invariant» B
{ sum of all gercentage attributes { sum of all percentage attributes
for every «interface» «interface» for every
LC_WoodyGrowthLeafType link for LC_Tree LC_Shrub LC_WoodyGrowthLeafPhenology
a single LC_WoodyGrowthForm link for a single
must not be pore than 100%} LC_WoodyGrowthForm must not
be more than 100%}

T T

1 1

i i

1 0.” 0.* 1

«interface» «interface»
LC_WoodyLeafType LC_WoodyLeafPhenology
+ percentage: LC_PermittedPercentageValue [0..1] [ + percentage: LC_PermittedPercentageValue [0..1]
«interface» «intepfacen. «interface» «interface» «interface»
BC_BroadLeaf LC_NeedleLeaf LC_Aphillious LC_Evergreen LC_Deciduous
+ shape: JC_BroadlLeafShape [0..1] + starting: LC_PermittedPosRealValue [0..1]
4 + length: LC_PermittedPosRealValue [0..1]

«codelist» I
LC| BroadLeafShape

0 ¢

Figure 7 — Subtypes of LC_WoodyGrowthForm

8.10.2 LC_WoodyGrowthForm classes

8.10.2.1 LC_Tree

The LC_Tree metalanguage object is a subtype of LC_WoodyGrowthForm. It has a constraint on the height
attribute inherited from LC_GrowthForm of a certain threshold in height. This metalanguage object, when
instantiated, allows the generation of a land cover feature class in a land cover classification system for all tree
covered surfaces.

NOTE The height threshold is described in Annex D (informative).
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8.10.2.2 LC_Shrub

The LC_Shrub metalanguage object is a subtype of LC_WoodyGrowthForm. It has a constraint on the height
attribute inherited from LC_GrowthForm of a certain threshold in height. This metalanguage object, when
instantiated, allows the generation of a land cover feature class in a land cover classification system for all

shrub covered surfaces.

NOTE

The height threshold is described in Annex D (informative).

8.10.2.3 LC_WoodyLeafType

The
sub

component LC_WoodyLeafType is related to LC_WoodyGrowthForm by the relation leafType.
ypes: LC_NeedleLeaf, LC_Aphillious and LC_BroadLeaf. It has one optional attribute: perct

perinitted values of the attribute percentage are described by the value object LC _PermittedPercentag

the
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be U
land

8.1(

The
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The
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8.1(

The
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8.1(
LC |

LC |
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8.1(

constraint thatthe {itis required that the sum of all percentage attributes forevery LC_WoodyGrow
for a single LC_WoodyGrowthForm not be more than 100 %}. The component LC.WoodyLe
sed to refine the metalanguage object LC_WoodyGrowthForm to permit the generation of a m
cover feature class in a land cover classification system.

.2.4 LC_BroadLeaf

LC_BroadLeaf metalanguage object is a subtype of LC_Woodyl'eafType. It has one option
be. The permitted values of the attribute shape are described by the enumerated value
hdLeafShape. This sub-component may be used to refine thelmétalanguage object LC_Woody(
ermit the generation of a more specific land cover feature class in a land cover classification s

.2.5 LC_NeedleLeaf

LC_NeedleLeaf metalanguage object is a subtype of LC_WoodyLeafType. Attributes may be
ugh registration. This sub-component may be used to refine the metalanguage objectLC_Woody(
ermit the generation of a more specific land’cover feature class in a land cover classification s

.2.6 LC_Aphillious

LC_Aphillious metalanguage object is a subtype of LC_WoodyLeafType. Attributes may be
ugh registration. This sub-cémponentmay be used to refine the metalanguage objectLC_Woody(
ermit the generation of a‘'more specific land cover feature class in a land cover classification s

.2.7 LC_WoodyGrowthLeafType
\WoodyGrowthLeafType is an association class on the component relationship leafType betwe

WoodyLeaf\fype and LC_WoodyGrowthForm. It has one optional attribute: percentage. Th
es of the.attribute percentage are described by the value object LC_PermittedPercentageValy

.2,8 LC_WoodylLeafPhenology

It has three
bntage. The
eValue with
thLeafType
bf Type may
ore specific

al attribute:
object LC_
browthForm
stem.

established
browthForm
stem.

established
browthForm
stem.

bn the class
E permitted
e.

The component LC_WoodyLeafPhenology is related to WoodyGrowthForm by the relation leafPhenology. It has
two subtypes: LC_Deciduous and LC_Evergreen. It has one optional attribute: percentage. The permitted values
of the attribute percentage are described by the value object LC_PermittedPercentageValue with the constraint
that the {it is required that the sum of all percentage attributes for every LC_WoodyGrowthLeafPhenology link
for a single LC_WoodyGrowthForm not be more than 100 %}. The component LC_WoodyLeafPhenology may
be used to refine the metalanguage object LC_WoodyGrowthForm to permit the generation of a more specific
land cover feature class in a land cover classification system.

8.10.2.9 LC_Evergreen

The LC_Evergreen metalanguage object is a subtype of LC_WoodyLeafPhenology. Attributes may be
established through registration. This sub-component may be used to refine the metalanguage object LC_
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WoodyGrowthForm to permit the generation of a more specific land cover feature class in a land cover
classification system.

8.10.2.10

LC_Deciduous

The LC_Deciduous metalanguage object is a subtype of LC_WoodyLeafPhenology. It has two optional
attributes: starting and length. The permitted values of the attributes starting and length are described by the
value object LC_PermittedPosRealValue. This sub-component may be used to refine the metalanguage object
LC_WoodyGrowthForm to permit the generation of a more specific land cover feature class in a land cover
classification system.

8.10.2.11

LC_Woody
the class L(
permitted v

8.10.2.12

The code li
list is empty

LC_WoodyGrowthLeafPhenology

SrowthLeafPhenology is an association class on the componentrelationship leafPhenolegy betw
_WoodyLeafPhenology and LC_WoodyGrowthForm. It has one optional attribute: pereentage.
blues of the attribute percentage are described by the value object LC_PermittedRercentageVe

LC_BroadLeafShape Type

5t LC__BroadLeafShape contains a list of broadleaf arrangements. At\the metalanguage level
, but it may be populated through registration.

8.11 LC_HKerbaceousGrowthForm

8.11.1 LC_|

The LC_He
LC_Gramin
land cover
coveris a h

HerbaceousGrowthForm subtypes

rbaceousGrowthForm metalanguage object is a subtype of LC_GrowthForm. It has two subty
eae and LC_Forbs. This metalanguage object, when instantiated, allows the generation of a gen
feature class in a land cover classification system for all vegetation covered surfaces where
erbaceous growth form. This is representéd in Figure 8.
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LC_GrowthForm

«interface»
LC_HerbaceousGrowthForm

!

leafPhenology «interfacey «interface»

LC_Gramineae LC_Forbs

+ status: LC_ForbsStatus [0.¢
+ type: LC_ForbsLeafType [0..¥]

TY

«Invariant»

{sum of all percentage attributes

for every LC_HerbaceousLeafPhenology
link for the same

«interface»
LC_HerbaceousLeafPhenology

LC_HerbaceousGrowthForm + percentage: LC_PermittedRercentageValue [0..1]
must not be more than 100.0%} 7
I
«interface» «interfaced «interface»
LC_Annual LC_Biennijal LC_Perennial
«codelist» «codelist»
LC_ForbsStatus | LC_ForbsLeafType
+ rooted
+ nonrooted

N W

Figure 8.—Subtypes of LC_HerbaeceousGrowthForm

8.11.2 LC_HerbaceousGrowthForm classes

8.11.2.1 LC_Gramingae

The| LC_Gramineae metalanguage object is a subtype of LC_HerbaceousGrowthForm. This mgtalanguage
objdct, wheniinstantiated, allows the generation of a land cover feature class in a land cover classification

sys]im for.all'gramineae herbaceous growth form covered surfaces.
8.1 _

The LC_Forbs metalanguage object is a subtype of LC_HerbaceousGrowthForm. It has two optional attributes:
status and type. The permitted values of the attribute status are described by the enumerated values class
LC_ForbsStatus. The permitted values of the attribute type are described by the code list LC_ForbsLeafType.
This metalanguage object, when instantiated, allows the generation of a land cover feature class in a land
cover classification system for all forbs herbaceous growth form covered surfaces.

8.11.2.3 LC_HerbaceousLeafPhenology

The component LC_HerbaceouslLeafPhenology is related to LC_ WoodyGrowthForm by the relation
leafPhenology. It has three subtypes: LC_Annual, LC_Biennial and LC_Perennial. It has one optional
attribute: percentage. The permitted values of the attribute percentage are described by the value object LC__
PermittedPercentageValue with the constraint that the {it is required that the sum of all percentage attributes
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for every LC_HerbaceousLeafPhenology link for the same LC_HerbaceousGrowthForm not be more than
100.0 %}. The component LC_HerbaceousLeafPhenology may be used to refine the metalanguage object
LC_HerbaceousGrowthForm to permit the generation of a more specific land cover feature class in a land

cover class

ification system.

8.11.2.4 LC_Annual

The LC_Annual metalanguage object is a subcomponent of LC_HerbaceousLeafPhenology. Attributes may
be established through registration. This sub-component may be used to refine the metalanguage object LC_
HerbaceousGrowthForm to permit the generation of a more specific land cover feature class in a land cover

classification-system

8.11.2.5 L¢_Biennial

The LC_Bignnial metalanguage object is a subcomponent of LC_HerbaceouslLeafPhenology, Attributes
be established through registration. This sub-component may be used to refine the metalanguage object
Herbaceou$GrowthForm to permit the generation of a more specific land cover feature glass in a land ¢
classificatign system.

8.11.2.6 LG_Perennial

The LC_Pefennial metalanguage object is a subcomponent of LC_HerbaceQusLeafPhenology. Attributes

be establis
Herbaceou
classificatid

8.11.2.7 L(

The code |
floating. Th

8.11.2.8 L(

The code li
may be pop

8.12 LC_L

8.121 LC_

The LC_Lid
Lichen and
cover featu

ed through registration. This sub-component may be used te refine the metalanguage object
EGrowthForm to permit the generation of a more specific land cover feature class in a land ¢
n system.

} _ForbsLeafStatus

st LC_ForbsLeafStatus contains a list of leaf.types. This list contains two types: terrestrial
s list may be extended through registration-

f_ForbsLeafType

5t LC_ForbsLeafType contains.a list of leaf types. At the metalanguage level this list is empty, &
ulated through registration.

lichenAndMoss

| ichenAndMoss, subtypes

henAndMoss-metalanguage object is a subtype of LC_GrowthForm. It has two subtypes:
LC_Moss./This metalanguage object, when instantiated, allows the generation of a general
e class.in a land cover classification system for all vegetation covered surfaces where the cov

a lichen an<|i/or moss growth form. This is represented in Figure 9.
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LC_GrowthForm

«interface»
LC_LichenAndMoss

«interface»
LC_Moss

«interface»
LC_Lichen

Figure 9 — Subtypes of LC_LichenAndMoss
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8.12.2 LC_LichenAndMoss classes

8.12.2.1 LC_Lichen

The LC_Lichen metalanguage object is a subtype of LC_LichenAndMoss. This metalanguage object, when
instantiated, allows the generation of a land cover feature class in a land cover classification system for all
lichen covered surfaces.

8.12.2.2 LC_Moss

Th L C Meoca matalanacauanns ~Abhinat 10 o ot ~AF 1O 1 i nbhan AnANNMace Thic maatalaniiasna o eCt When
erEc—Mess—etalanguage—ebjeetis—a—subtype—of-Eo—HeherAnaMess—Fhis—metalanguage—epject,

instantiated, allows the generation of a land cover feature class in a land cover classification’ syfstem for all
mogs covered surfaces.

8.13 LC_AbioticElement

8.13.1 LC_AbioticElement subtypes

The|LC_AbioticElement metalanguage object is a subtype of LC_Element afd-has three subtypes representing
the [three basic types of abiotic surface land cover. The subtypes ate:“LC_ArtificialSurfaceEl¢ment, LC
NatyralSurfaceElement, and LC_WaterBodyAndAssociatedSurfaceElement. This is represented in Figure 10.

LC_Element |,

«interface» I
LC_AbioticElement I

X RN\

«interface» «interface» «interface»
LC_ArtificialSurfaceElement LC_NaturalSurfaceElement LC_WaterBodyAndAssociatedSurfaceElement
Vol + height: LC_PermittedRealValue

Figure 10 — Subtypes of LC_AbioticElement

8.13.2 LC_AbioticElement classes

8.13.2.1 LC_ArtificialSurfaceElement

The|LC_ ArdificialSurfaceElement metalanguage object is a subtype of LC_ AbioticElement. This mgtalanguage
objgct, when instantiated, allows the generation of a general land cover feature class in aland cover c|assification
systlem for all artificial surfaces that are built up and non-built up.

8.13.2.2 LC_NaturalSurfaceElement

The LC_NaturalSurfaceElement metalanguage object is a subtype of LC_ AbioticElement. This metalanguage
object, when instantiated, allows the generation of a general land cover feature class in aland cover classification
system for all natural surfaces.

8.13.2.3 LC_WaterBodyAndAssociatedSurfaceElement

The LC_WaterBodyAndAssociatedSurfaceElement metalanguage object is a subtype of LC_AbioticElement.
There is one attribute: height. The permitted values of height are defined by the value object LC
PermittedRealValue. This metalanguage object, when instantiated, allows the generation of a general land
cover feature class in a land cover classification system for all water body and associated surfaces.
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8.14 LC_ArtificialSurfaceElement

8.14.1 LC_ArtificialSurfaceElement subtypes

The LC_ArtificialSurfaceElement metalanguage object has two subtypes: LC_BuiltUpSurface and LC
NonBuiltUpSurface and a relationship with the component LC_ArtificialSurfaceCharacteristic. This is
represented in Figure 11.

LC_AbioticElement artificialSurface Characteristic

8.14.2 LC_

8.14.2.1 L(

The LC_Bu
object, whe

system for all built up surfaces.

8.14.2.2 L(

The LC_N
metalangus
cover class

8.14.2.3 L(

The compo
object by th
be used to
specific lan

«interface» K>
LC_ArtificialSurfaceElement
LC_LandCoverElementCharacteristic
«interface» [
LC_ElementCharacteristics::
LC_ArtificialSurfaceCharacteristic
«interface» «interface»

LC_BuiltUpSurface LC_NonBuiltUpSurface

Figure 11 — Subtypes of LC_ArtificialSurfaceElement

ArtificialSurface classes

b_BuiltUpSurface

[tUpSurface metalanguage object is a subtype of LC_ArtificialSurfaceElement. This metalangy
hinstantiated, allows the generation of a general land cover feature class in aland cover classifice

b NonBuiltUpSurface

pnBuiltUpSurface metalanguage object is a subtype of LC_ArtificialSurfaceElement.
ge object, when instaptiated, allows the generation of a general land cover feature class in a
fication system for all-hon-built up surfaces.

b_ArtificialSurfaceCharacteristic

nent LC_ArtificialSurfaceCharacteristic is related to the LC_ ArtificialSurfaceElement metalangu

age
tion

his
and

age

e relation artificialSurfaceCharacteristic. The component LC_ ArtificialSurfaceCharacteristic
refine(the metalanguage object LC_ArtificialSurfaceElement to permit the generation of a
] ‘cover feature class in a land cover classification system.

may

HIVOI'e

8.15 LC_NaturalSurfaceElement

8.15.1 LC_|

NaturalSurfaceElement subtypes

The LC_NaturalSurfaceElement metalanguage object has two subtypes: LC_RocksSurfaceElement and LC
SoilSandDepositsSurfaceElement. This is represented in Figure 12.
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LC_AbioticElement

«interface»
LC_NaturalSurfaceElement

«interface» «interface»
LC RocksSurfaceElement LC_SoilSandDepositsSurfaceElement
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Figure 12 — Subtypes of LC_NaturalSurfaceElement

.2 LC_NaturalSurfaceElement classes

.2.1 LC_RocksSurfaceElement

LC_RocksSurfaceElement metalanguage object is a subtype ‘of "LC_NaturalSurfaceElg
blanguage object, when instantiated, allows the generation of a,general land cover feature cla
br classification system for all rock natural surfaces.

.2.2 LC_SoilSandDepositsSurfaceElement
LC_SoilSandDepositsSurfaceElement metalanguageobject is a subtype of LC_NaturalSurfg

cover classification system for all unconsolidated sediment natural surfaces.

b LC_WaterBodyAndAssociatedSurfaceElement

LC_WaterBodyAndAssociatedSurfaceElement metalanguage object is a subtype of LC_ Abioti
four subtypes: LC_WaterBody, LC_Snow, LC_lce and LC_Permafrost and a relationship to two ¢
WaterAndAssociatedSurfaceCharacteristic and LC_PeriodicVariation. This is represented in H

ment. This
Ss in a land

ceElement.

metalanguage object, when instantiated, allows.the generation of a general land cover featule class in a

CElement. It
omponents
igure 13.
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«interface»
LC_PeriodicVariation

+ periodType: LC_PeriodVariationType [0..1]
+ persistencePeriod: LC_PermittedRangeValue [0..1] LC_AbioticElement
* zersigtt&tﬂceUg:s: TitmeSEO."” perodicVariation «interface»
v COBEIER: CETEERRITIE LC_WaterBodyAndAssociatedSurfaceElement
constraints 0.
{count periodType + persistence > 0} A
{count persistenceUnit = count persistencePeriod}
{LC_PeriodicVariationType defined}
«interface» «interface»
LC_Snow LC_Permafrost
+ height: LC_PermittedPosRealRange + permafrostType: LC_RefmafrostType
+ depth: LC_PermittedRosRealValue
«interface» «interface» I\
LC_WaterBody LC_lce i
+ dynamicy: LC_WaterBodyDynamics [0..1] + iceDynamics: LC_IceDynamics
+ position: |LC_WaterBodyPositions [0..1] + height: LC_PermittedPosRealValue
+ depth: LP_PermittedPosRealValue 7NN
«interface» «interface»
LC_Terréstriallce LC_Floatingice
«codelist» «codelist» «codelist» «code list»
LC_lcgDynamics LC_WaterBodyDynamics LC_WaterBodyPositions LC_PermafrostType

+ moving +  flowing + aboveSurface
+ standing + standihg + belowSurface

«code listy LC_LandCoverElementCharacteristic

LC_PeriodYyariationType cinterfaces»

+ atmosphyric LC_ElementCharacteristics:: waterBodyAndAssociatedSurfaceCharactefistic
+  dally i LC_WaterAndAssociatedSurfaceCharacteristic
+ tidal
+ seasonal

Figure 13 — Subtypes of LC_WaterBodyAndAssociatedSurfaces

8.16.2 LC_WaterBodyAndAssociatedSurfaceElement classes

8.16.2.1 LC_WaterBody

The LC_WaterBody metalanguage object is a subtype of LC_WaterBodyAndAssociatedSurfaceElement.
It has one attribute: depth and two optional attributes: dynamics and position. The permitted values of the
attribute depth are described by the value object LC_PermittedPosRealValue. Note that depth is negative
to height. The permitted values of the optional attribute dynamics are described by the enumerated value
object LC_WaterBodyDynamics. The permitted values of the optional attribute position are described by the
enumerated value object LC_WaterBodyPositions. Other attributes may be established through registration.
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It has a relationship to the component LC_PeriodicVariation. This metalanguage object, when instantiated,
allows the generation of a land cover feature class in a land cover classification system for all consolidated
water bodies.

8.16

.2.2 LC_Snow

The LC_Snow metalanguage object is a subtype of LC_WaterBodyAndAssociatedSurfaceElement. It has
one attribute: height. The permitted values of the attribute height are described by the value object LC__
PermittedPosRealValue Other attributes may be established through registration. This metalanguage object,
when instantiated, allows the generation of a land cover feature class in a land cover classification system for

all

now covered areas
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merated value object LC_IceDynamics. The permitted values of the attribute-height are desc

bration of a general land cover feature class in a land cover classification’ system for all ice cov

ne enumerated value object LC_PermafrostType. The permitted values of the attribute depth ar
he value object LC_PermittedPosRealValue Note that depth is negative to height. Other attribfites may be

.2.3 LC_lce

LC Ice metalanguage object is a subtype of LC_WaterBodyAndAssociatedSurfaceElen
attributes: iceDynamics and height. The permitted value of the attribute dynamicCs is descr

e object LC_PermittedPosRealValue Other attributes may be established thréugh registratior
ypes: LC_Terresteriallce, and LC_Floatinglce. This metalanguage object) when instantiated

LC_Permafrost metalanguage object is a subtype of LE_WaterBodyAndAssociatedSurfacd

two attributes: permafrostType and depth. The permittedvalue of the attribute permafrostType

blished through registration.

LC_Terrestriallce metalanguage objéct is a subtype of LC_Ice. Attributes may be establish

land cover classification system for terrestrial areas covered with ice.

LC_Floatinglce metalahguage object is a subtype of LC Ice. It has three subtypes: LC_S

Lire class in a land cover classification system for water bodies covered with ice.

code list LC_lceDynamics contains a list of construction status types. This list contains two ty
standing. This list may be extended through registration.

ent. It has
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ibed by the
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ered areas.

Element. It
s described
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stration. This metalanguage object, when instantiated, allows the generation of a land cover feature class

ealce, LC_

blce, and LC_Riverlce. This metalanguage object, when instantiated, allows the generation of & land cover

bes: moving

8.16.2.8 LC_WaterBodyDynamics

The code list LC_WaterBodyDynamics contains a list of construction status types. This list contains two types:
flowing and standing. This list may be extended through registration.

8.16.2.9 LC_WaterBodyPositions

The code list LC_WaterBodyPositions contains a list of construction status types. This list contains two types:

abo

veSurface and belowSurface. This list may be extended through registration.
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8.16.2.10

LC_PermafrostType

The code list LC_PermafrostType contains a list permafrost types. At the metalanguage level this list is empty,

but it may b

8.16.2.11

e populated through registration.

LC_PeriodicVariation

The LC_PeriodicVariation component is related to the LC_WaterBodyAndAssociatedSurfaceElement
metalanguage object by the relationship periodicVariation. It has four optional attributes: periodType,
persistencePeriod, persistenceUnits and description. The attribute periodType describes the type of variation

by use of t

he code list LC_PeriodVariationType. The attribute persistencePeriod describes the persist

nce

period as a
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generation
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8.17 LC_E

8.17.1 LC_
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system for all built up artificial surfaces. The LC_BuiltUpSurface metalanguage object has two subtypes:

LinearSurfg

time duration. A constraint exists requiring that persistencePeriod always be greater than .
rsistenceUnits describes the time units used for the persistence period. A constraint exists-tequ
bnce units be used if and only if a persistence period exists. The attribute description, prov
textual characterization of the persistence types. A constraint exists requiring that a-descrig
a persistence type from the code list has been chosen. The component LC PériodicVariz
d to refine the metalanguage object LC_WaterBodyAndAssociatedSurfaceEleément to permit
bf a more specific land cover feature class in a land cover classification system.

LC_PeriodicVariationType

t LC_PeriodicVariationType contains a list types of periodic variations. This list contains four ty
C, daily, tidal and seasonal. This list may be extended through<egistration.
LC_WaterAndAssociatedSurfacesCharacteristic
WaterAndAssociatedSurfacesCharacteristic = metalanguage  object is a  compo
to the LC_WaterBodyAndAssociatedSurfaceElement metalanguage ol
relation waterBodyAndAssociatedSurface Characteristic. The component
ssociatedSurfacesCharacteristic may be “used to refine the metalanguage object

AndAssociatedSurfaceElement to permit the generation of a more specific land cover feature ¢
ver classification system.

BuiltUpSurface

BuiltUpSurface subtypes

[tUpSurface metalafiguage object is a subtype of LC_ArtificialSurfaceElement. This metalangy
ninstantiated, allowsthe generation of a general land cover feature class in aland cover classifics
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LC_AtrtificialSurfaceElement

«interface»
LC_BuiltUpSurface

«interface» «interface»
LC_LinearSurface LC_NonLinearSurface

+ constructionMaterial: LC_ConstructionMaterial [0..1]

«interface» «interface»
LC_Road LC_Building
+ roadType: LC_RoadType [0..1] + height: LC_PermittedRealValue
+ cover: LC_PermittedPefcentageValue
«interface»
LC_Railway «interface»

) ) LC_OtherConstruction
+ railTypes: LC_RailwayType [0..1]

# Vheight: LC_PermittedRealValue
+ cover: LC_PermittedPercentageValue

«interface» |
LC_CommunicationsAndOther )
«interface»
+ otherTypes: LC_CommunicationsAndOtherType LC_OtherArtificialSurfage
«codelist» «codelist» «codelist» «codelist»
LC_RoadType LC_RailwayType N LC_CommunicationsAndOtherType LC_ConstructionMdterial

AN

The use of Road, Railway and CommunicationsAndOther may be described in the characteristics. The code lists are restricted to
purely physiognomic aspects.

r a4

Figure 14 — Subtypes of LC_BuiltUpSurface

8.17.2 LC_BuiltUpSurface classes

8.17.2.1 LC LinearSurface

Thel| L€) LinearSurface metalanguage object is a subtype of LC_BuiltUpSurface. It has three sulptypes: LC
Road, LC_Railway and LC_CommunicationsAndOther. This metalanguage object, when instaniiated, allows the
generation of a land cover feature class in a land cover classification system for all built up linear artificial surfaces.

NOTE These linear surface objects do not describe land use. In these cases a land use related name is used
to identify a particular physiognomic appearance of an artificial land cover. The “use aspect” of a road, a railway and
a communication and other linear feature may be described as a characteristic associated with these classes. The
enumerations associated with the subclasses are restricted to purely physiognomic aspects.

8.17.2.2 LC_NonLinearSurface
The LC_NonLinearSurface metalanguage object is a subtype of LC_BuiltUpSurface. It has three subtypes:

LC_Building, LC_OtherConstruction and LC_OtherArtificialSurface. The permitted values of the optional
attribute constructionMaterial are described by the code list LC_ConstructionMaterial. This metalanguage
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object, when instantiated, allows the generation of a land cover feature class in a land cover classification
system for all nonlinear built up artificial surfaces.

8.17.2.3 LC_Road

The LC_Road metalanguage object is a subtype of LC_LinearSurface. The permitted values of the optional
attribute type are described by the code list LC_RoadType. This metalanguage object, when instantiated, allows
the generation of a land cover feature class, in a land cover classification system, for land covered by a road.

NOTE

road, not its use as a road.

The name “road” is a land-use related name that is used here to represent the physiognomic appearance of a
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e are described by the code list LC_RailwayType. This metalanguage object, when instantiated, al

'he name “railway” is a land-use related name that is used here to represent the physiognomic appearan
its use as a railway.

b CommunicationsAndOther

mmunicationsAndOther metalanguage object is a subtype®fLC_LinearSurface. The perm
e optional attribute type are described by the code list LE_CommunicationsAndOtherType.

ge object, when instantiated, allows the generation of ‘@\Jand cover feature class, in a land ¢
n system, for land covered by a communication lines,(€lectrical transmission lines and other ty
ficial land cover.

[he name “CommunicationsAndOther” is a land-dse related name that is used here to represent
C appearance, not its use.

t Building

Iding metalanguage object is a subtype of LC_NonLinearSurface. It has two attributes: height
bermitted values of the attribuite* height are described by the value object LC_PermittedRealV|
mitted values of the attribute.cover are described by the value object LC_PermittedPercentageVe
hguage object, when instantiated, allows the generation of a land cover feature class, in a land c
h system, for land coyered by building or structure that has the physiognomic appearance of a builg

}_OtherConstruction

nerConstruction metalanguage object is a subtype of LC_NonLinearSurface. It has two attriby
covers-Fhe permitted values of the attribute height are described by the value object
bal\/alde and the permitted values of the attribute cover are described by the value object
brcentageValue. This metalanguage object, when instantiated, allows the generation of aland ¢

on of a land cover feature class, in a land cover classification system, for land covered by a railway.
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8.17.2.8 LC_OtherArtificialSurface

mic

The LC_OtherAtrtificialSurface metalanguage object is a subtype of LC_NonLinearSurface. This metalanguage
object, when instantiated, allows the generation of a land cover feature class, in a land cover classification

system, for

land covered by another artificial surface.

8.17.2.9 LC_RoadType

The code list LC_RoadType contains a list of road types. At the metalanguage level this list is empty, but it may
be populated through registration.
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8.17.2.10 LC_RailwayType

The code list LC_RailwayType contains a list of railway types. At the metalanguage level this list is empty, but
it may be populated through registration.

8.17.2.11 LC_CommunicationsAndOtherType

The code list LC_CommunicationsAndOtherType contains a list of other types. At the metalanguage level this
list is empty, but it may be populated through registration.

8.172-

The| code list LC_ConstructionMaterial contains a list of hardness states for constructiondmatefials. At the
metplanguage level this list is empty, but it may be populated through registration.

8.18 LC_NonBuiltUpSurface

8.18.1 LC_NonBuiltUpSurface subtypes

Thel LC_NonBuiltUpSurface metalanguage object is a subtype of “.C_ArtificialSurfaceElement. This
metplanguage object, when instantiated, allows the generation of a geqeral land cover feature class in a land
cover classification system for all non-built up artificial surfaces. The LC_NonBuiltUpSurface megtalanguage
objgct has two subtypes: LC_Deposit and LC_Extraction. This isyrepresented in Figure 15.

LC_ArtificialSurfaceElement

«interface®
LC_NonBuiltUpSurface

«intekfage» «interface»
LC_DumpSite LC_Extraction
+ typey”BDC DumpSiteType [0..1] + type: LC_ExtractionType [0..1]
«codelist» «codelist»
LC_DumpSiteType LC_ExtractionType
+ surface
+ substrate

Figure 15 — Subtypes of LC_NonBuiltUpSurface

8.18.2 LC_NonBuiltUpSurface classes

8.18.2.1 LC_DumpSite

The LC_DumpSite metalanguage object is a subtype of LC_NonBuiltUpSurface. The permitted values of the
optional attribute type are described by the code list LC_DumpSiteType. This metalanguage object, when
instantiated, allows the generation of a land cover feature class in a land cover classification system for all
deposit non-built up artificial surfaces.
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8.18.2.2 LC_Extraction

The LC_Extraction metalanguage object is a subtype of LC_NonBuiltUpSurface. It has one attribute: type. The
permitted values of the attribute fype are described by the code list LC_ExtractionType. This metalanguage
object, when instantiated, allows the generation of a land cover feature class in a land cover classification

system for all extraction non-built up artificial surfaces.

8.18.2.3 LC_DumpSiteType

The code list LC_DumpSiteType contains a list of types of dump sites or areas where different types of material

are dumped for an artificial non-built up artificial surface. At the metalanguage level this list is empty, but it may
be populatgd through registration.

8.18.2.4 L¢_ExtractionType

The code list LC_ExtractionType contains a list of types of extraction for an artificial non<built up artifjicial
surface. This list contains two types: surface and substrate. This list may be extended through registration).
8.19 LC_RocksSurfaceElement

8.19.1 LC_RocksSurface subtypes

The LC_RdcksSurface metalanguage object is a subtype of LC_NaturalSurfaceElement. This metalangyage
object, whep instantiated, allows the generation of a general land coverfeature class in aland cover classificgtion
system for fall consolidated natural surfaces. It has two subtypesi*LLC_BareRock and LC_Hardpan. Th[s is
represented in Figure 16.

LC_NaturalSurfaceElement

«interface»
LC_RocksSurfaceElement

-~

«interface»
LC_Hardpan

«interfacey
LC_BareRock

cover: LC_PermittedPercentageValue [0..1]

y o

type: LC_HardpanType [0..1]

«codelist»
LC_HardpanType

ironpan/laterite
petrocalcic
petrogypsic

Figure 16 — Subtypes of LC_RocksSurfaceElement

8.19.2 LC_RocksSurfaceElement classes

8.19.2.1 LC_BareRock

The LC_BareRock metalanguage object is a subtype of LC_RocksSurfaceElement. It has one optional
attribute: cover. The permitted values of the attribute cover are described by the value object LC
PermittedPercentageValue. This metalanguage object, when instantiated, allows the generation of a land
cover feature class in a land cover classification system for a bare rock natural surface.
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The LC_Hardpan metalanguage object is a subtype of LC_RocksSurfaceElement. It has one optional
attribute: type. The permitted values of the attribute fype are described by the code list LC_HardpanType. This
metalanguage object, when instantiated, allows the generation of a land cover feature class in a land cover
classification system for a hardpan natural surface.

8.19.2.3 LC_HardpanType

The code list LC_HardpanType contains a list of hardpan types. This list contains three types: ironpanllaterite,
petrocalcic and petrogypsic. This list may be extended through registration.
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) LC_SoilSandDepositsSurfaceElement

.1 LC_SoilSandDepositsSurfaceElement subtypes

LC_NaturalSurfaceElemént i

«interface»
LC_SoilSandDepositsSurfaceElement

A

S

LC_SoilSandDepositsSurfaceElement metalanguage objectis a subtype of LC (NaturalSurfaceElement. This
blanguage object, when instantiated, allows the generation of a general land cover feature class in
sification system for all specific types of natural surfaces. It has four subtypes: LC_CoarseMinera
BareSoil, LC_LooseAndShiftingSand and LC_Deposits. This is represented in Figure 17.

A land cover
Fragments,

«interface»
LC_CoarseMineralFragments

+  type:
+ cover: LC_PermittedPercentageValue 5

LC_CoarseMineralFragmentType [0..1]

|

«interface»
LC_LooseAndShiftingSand

A

«interface» «interface»
C. BareSoil LC_Deposits
+ macropatternCoversage: LC_PermittedRealValue [0..1]
+ type: LC_MacropatternType [0..1]
«interface» «interface» «interface»
LC_Dune LC_OrganicDeposits LC_InorganicDeposits
T COVEl. CC_PETTEdPeTCEmtaye Vatue {017 +type. LC_OrganicDeposiIype +__type. LC_InorganicDepositType
+ type: LC_DuneType [0..1]
«codelist» «codelist» «codelist» «codelisty «code list»

LC_CoarseMineralFragmentType

LC_MacropatternType

LC_DuneType

+
+
+

gravel
stone
boulder

+ gilgai
+ termiteMounds

+
+
+

barchan
parabolic
longitudinal

LC_InorganicDepositType

LC_OrganicDepositType

salt
soda
lime
gypsum

+ + o+ +

+ peat: LC_PeatType

«code list»
LC_PeatType

+ ombrotrophic
+ minerotrophic

Figure 17 — Subtypes of LC_SoilSandDepositsSurfaceElement
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8.20.2 LC_SoilSandDepositsSurfaceElement classes

8.20.2.1 LC_CoarseMineralFragments

The LC_CoarseMineralFragments metalanguage object is a subtype of LC_SoilSandDepositsSurfaceElement.
It has two attributes: cover and type. The permitted values of the attribute cover are described by the value
object LC_PermittedPercentageValue and the permitted values of the attribute type are described by the code
list LC_CoarseMineralFragmentType. This metalanguage object, when instantiated, allows the generation of a
land cover feature class in a land cover classification system for a coarse fragment consolidated natural surface.

8.20.2.2 LG—

The LC_BareSoil metalanguage object is a subtype of LC_SoilSandDepositsSurfaceElement It
two optional attributes: macropatternCoverage and type. The permitted values of the optional attri
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b _LooseAndShiftingSand

pseAndShiftingSand metalanguage object is a subtype of LC_SgilSandDepositsSurfaceEleme
ptype: LC_Dune. This metalanguage object, when instantiated, allows the generation of a gen
eature class in a land cover classification system for a logsée and shifting sand natural surfag
ptype: LC_Dune.

} Deposits

posits metalanguage object is a subtype of£C_SoilSandDepositsSurfaceElement. It has
C_OrganicDeposits and LC_InorganicDeposits. This metalanguage object, when instantia
eneration of a general land cover feature class in a land cover classification system for a depd
hce.

t Dune

ine metalanguage object;-is a subtype of LC_LooseAndShiftingSand. It has two opti
over and type. The permitted values of the attribute cover are described by the value object
brcentageValue. Thépermitted values of the attribute type are described by the code list
[his metalanguage-object, when instantiated, allows the generation of a land cover feature clas
I classification.system for a sand dune soil and sand deposit.

}__OrganicDeposits

janicDeposits metalanguage object is a subtype of LC_Deposits. It has one attribute: type.

permitted values of the attribute type are described by the code list LC_OrganicDepositType. This metalangy

has
bute
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ect,
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object, when Instantiated, allows the generation of a land cover feature class in a land cover classification
system for an organic soil and sand deposit.

8.20.2.7 LC_InorganicDeposits

The LC_lnorganicDeposits metalanguage object is a subtype of LC_Deposits. It has one attribute: type.
The permitted values of the attribute type are described by the code list LC InorganicDepositType. This
metalanguage object, when instantiated, allows the generation of a land cover feature class in a land cover
classification system for an inorganic soil and sand deposit.
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8.20.2.8 LC_CoarseMineralFragmentType

The code list LC_CoarseMineralFragmentType contains a list of fragment types. This list contains three types:
gravel, stone and boulder. This list may be extended through registration.

8.20.2.9 LC_MacropatternType

The code list LC_MacropatternType contains a list of macropattern types. This list contains two types: gilgai

and

8.2(

termiteMounds. This list may be extended through registration.
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It has five subtypes: LC_Climate, LC_LandForm, LC_GeographicalAspects, LC_TopographicalA

LC

code list LC_DuneType contains a list of dune types. This list contains three types: barchan; parabolic and

itudinal. This list may be extended through registration.

2.1 LC_InorganicDepositType

code list LC_InorganicDepositType contains a list of types of inorganic deposits. This list ¢
s: salt, soda, lime and gypsum. This list may be extended through registfation.

212 LC_OrganicDepositType

code list LC_OrganicDepositType contains a list of types of organic deposits. This list contains on
list may be extended through registration. The types of peat may be described by the code list L

.2.13 LC_PeatType

code list LC_PeatType contains a list of types of peat deposits. This list contains two types: on
minerothropic. This list may be extended through registration.

| LC_ClassCharacteristic

.1 LC_ClassCharacteristic subtypes

itional information may be (provided to further refine metalanguage objects within the LCML|
haracteristics. A class characteristic is a component aggregated to an entire LC_LandCove
blanguage object. An(CC:_LandCoverDescriptor metalanguage object is instantiated to a Le
in a land cover classification system and so the ClassCharacteristic is additional information
e class. The use'‘gficharacteristics in the LCML is optional.

component.LC~ ClassCharacteristic is related to LC_LandCoverDescriptor by the relation ch

SurfaceCharacteristic. This is represented in Figure 18.
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characteristic

«interface» <>
LC_LandCoverClassStructure:: +describedBy . .
LC_LandCoverDescriptor +describe | 0..

«interface»
—[> LC_LandCoverClassStructure::

LC_ClassCharacteristic
«interface»
LC_Climate
«codelist» «codelist»
LC_LandformType LC_RockType
«interface»
1 f‘_l andEorm.
+ type: YC_LandformType «codelist» «codelist»
LC_GeoType LC_RockAgeType
«interface» + beach
LC_GeographicalAspects + bay —
] + estuary
+ geoTyfde: LC_GeoType 5 SREE wcodelist»
LC_SoilType
«interface»
LC_TopographicalAspects «codelisty [
ser h
+ altitudd: LC_PermittedRealValue [0..1] LC_SlopeExposition .
+ slope: |LC_PermittedPercentageValue [0..1] «code_hst»
+ slopeEkposition: LC_SlopeExposition [0..1] @) He HeaeipTEe
A + waterErosionSheet
N cs <;c_odel|tst;>_ T + waterErosionRill
_SedimentationType ;
LC_SurfaceCharacteristic I \g;t:i;?éizggs ully
o + iceErosion

«interface» «interface»
LC_RdcksSurfaceCharacteristic LC_SoilSandDepositsSurfaceCharacteristic
+ rockType: LC_RockType [0..1] +\\so0ilType: LC_SoilType [0..1]

+ rockAgpType: LC_RockAgeType [0..1] + erosionType: LC_ErosionType [0..1]
I + sedimentationType: LC_SedimentationType [0..1]

Figure 18 — Subtypes of LC_ClassCharacteristic

8.21.2 LC_[lassCharacteristic classes

8.21.2.1 LG¢_Climate

The LC_Climate component1s a subtype of LC_ClassCharacteristic. Climate 15 the state, Inciuding a statistical
description, of the climate system. The different methods of describing climate are user defined. At the
metalanguage level this list is empty, but it may be populated through registration. This component may be used
to refine the LC_LandCoverDescriptor metalanguage object corresponding to an entire LC_LandCoverClass
with respect to climate to permit the generation of a more specific land cover feature class in a land cover
classification system.

8.21.2.2 LC_LandForm
The LC_LandForm component is a subtype of LC_ClassCharacteristic. It has one attribute: type. The permitted

values of the attribute type are described by the code list LC_LandFormType. This component may be used
to refine the LC_LandCoverDescriptor metalanguage object corresponding to an entire LC_LandCoverClass
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with respect to land form to permit the generation of a more specific land cover feature class in a land cover
classification system.

8.21.2.3 LC_GeographicalAspects

The LC_GeographicalAspects componentis a subtype of LC_ClassCharacteristic. It has one attribute: geoType.
The permitted values of the attribute geoType are described by the code list LC_GeoType. This component
may be used to refine the metalanguage object corresponding to an entire LC_LandCover class with respect
to the geographic aspect to permit the generation of a more specific land cover feature class in a land cover
classification system. The LC_GeographicAspect component describes the characteristics of a particular class

that have awell known geographictvpe that is not land cover spnecific
=4 J Ll J T L

8.21.2.4 LC_TopographicalAspects

Thel LC_TopographicalAspects component is a subtype of LC_ClassCharacteristic. Jtvhas three optional
attriputes: altitude, slope and slopeExposition. The permitted values of the attributealtitude are described by
the yalue object LC_PermittedRealValue. The permitted values of the attribute slopg are described py the value
objgct LC_PermittedPercentageValue. The permitted values of the attribute slepeExposition ar¢ described
by :Ee code list LC_SlopeExposition. This component may be used to refine the LC_LandCovegrDescriptor

metplanguage object corresponding to an entire LC_LandCoverClass with.fespect to topographicgl aspects to
perinit the generation of a more specific land cover feature class in a land cover classification sysfem.

8.21.2.5 LC_SurfaceCharacteristic

The| LC_SurfaceCharacteristic component is a subtype of LCy*ClassCharacteristic. It has two sulptypes: LC
RogksCharacteristic and LC_SoilSandDeposistsSurfaceCharacteristic.

8.21.2.6 LC_RocksSurfaceCharacteristic

The|LC_RocksSurfaceCharacteristic metalanguage object is a subtype of LC_SurfaceCharacteristic. It has two
optipnal attributes: rockType and rockAgeTypérThe permitted values of the attribute rockType are described by
the pode list LC_RockType. The permitted values of the attribute rockAgeType are described by the code list
LC_|RockAgeType. This component maybe used to refine the LC_LandCoverDescriptor metalanguage object
cor:rssponding to an entire LC_LandCoverClass with respect to rocks and hardpan surface chardcteristics to
perinit the generation of a more-Specific land cover feature class in a land cover classification system.

8.21.2.7 LC_SoilSandDepuositsSurfaceCharacteristic

ThelLC_SoilSandDepositsSurfaceCharacteristic metalanguage objectisasubtype of LC_SurfaceCharacteristic.
It has three optional)attributes: soilType, erosionType and sedimentationType. The permitted values of the
attripute soilType'are described by the code list LC_SoilType. The permitted values of the attribute ¢rosionType
are [described™ Py the code list LC_ErosionType. The permitted values of the attribute sedimgntationType
are |described by the code list LC_SedimentationType. This component may be used to refipe the LC
LandCaverDescriptor metalanguage object corresponding to an entire LC_LandCoverClass with respect to
uncpnsolidated surface characteristics to permit the generation of a more specific land cover featufe class in a
land cover classification system.

8.21.2.8 LC_LandformType

The code list LC_LandformType contains a list of landform types. At the metalanguage level this list is empty,
but it may be populated through registration.

8.21.2.9 LC_GeoType

The code list LC_GeoType contains a list of geographicalFacet types. This list contains four types: beach, bay,
estuary and shore. This list may be extended through registration.
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8.21.2.10

LC_SlopeExposition

The code list LC_SlopeExposition contains a description of the direction of exposition of a slope such as

“North”, “South”, “East” and “West”. At the metalanguage level this list is empty, but it may be populated through
registration.

8.21.2.11

LC_RockType

The code list LC_RockType contains a list of rock types. At the metalanguage level this list is empty, but it may
be populated through registration.

8.21.2.12

The code i
but it may b

8.21.2.13

The code li
be populatg

8.21.2.14

The code lis
waterErosiqg
registration

8.21.2.15

The code li
sediment a
registration

8.22 LC_I

8.22.1 LC |

Additional information may be provided to further refine the individual elements that are assembled to gene

an LC_Lan
element ch

characterisTi

generic clag

The compo
It has th

LC_RockAgeType

5t LC__RockAgeType contains a list of rock age types. At the metalanguage level this ljist,is en
e populated through registration.

LC_SoilType

5t LC__SoilType contains a list of soil types. At the metalanguage level this)list is empty, but it
d through registration.

LC_ErosionType

5t LC__ErosionType contains a list of erosion types. This list.contains five types: waterErosionSH
nRill, waterErosionGully, gravityErosion and iceErosion:> This list may be extended thrg

LC_SedimentationType

5t LC_SedimentationType contains a list of sedimentation types. Examples of such types are w
nd wind sediment. At the metalanguage level this list is empty, but it may be populated thrg

landCoverElementCharacteristic

| andCoverElementCharacteristic subtypes

iCoverDescriptorsmetalanguage object within the LCML by the use of Element Characteristics
racteristic is distinct from a class characteristic in that it applies to a specific LC_Element. Elen
cs may betapplied to specific elements or there may be general elements defined related to
bs LC_Element. The use of characteristics in the LCML is optional.

hent LC LandCoverElementCharacteristic is related to LC_Element by the relation character
e’ subtypes: LC_GrowthFormCharacteristic, LC_ArtificialSurfaceCharacteristic, and

pty,

may

eet,
ugh

ater
ugh

rate

An
nent
the

stic.
| C

WaterAndA

ssoclatedsurtaceCharacteristic. A constraint limits the application of a specific characteristic ta

either an element or a whole class. That is, the same characteristic cannot be applied at two level of the
metalanguage hierarchy at the same time. This is represented in Figure 19.
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«interface» characteristic
LC_LandCoverClassStructure::LC_Element [

0.*

«Invariant»
«interface» {An Element Characteristic may be a component
LC_LandCoverElementCharacteristic |- - of a class with the specific constraint that the
characteristic can only be attached to either an
A elementor a class}

«interface»
LC_GrowthFormCharacteristic

«interface»
LC_NaturalSurfaceCharacteristic

«interface» «interfaee»
LC ArtificialSurfaceCharacteristic LC_WaterAndAssociatedSurfaceCharacteristic

~

Figure 19 — Subtypes of LC_LandCoverElementCharacteristic

8.22.2 LC_LandCoverElementCharacteristic classes

8.22.2.1 LC_GrowthFormCharacteristic

The| LC_GrowthFormCharacteristic component is a subtype of LC_LandCoverElementCharacteristic. The
growth form characteristic allows certain_morphological features in common for a group of glants to be
spegified. This component may be used.forefine the metalanguage object corresponding to an LC_Element
objgct with respect to growth form to permit the generation of a more specific land cover feature clgss in a land
cover classification system.

8.22.2.2 LC_ArtificialSurfaceCharacteristic

Thel LC_ ArtificialSurfaceGharacteristic component is a subtype of LC_LandCoverElementCharacferistic. This
component may be Used to refine the metalanguage object corresponding to an LC_Element|object with
respect to an artificial)surface characteristic to permit the generation of a more specific land cover feature class
in alland cover classification system.

8.22.2.3 LC_ NaturalSurfaceCharacteristic

The| IL€) NaturalSurfaceCharacteristic component is a subtype of LC_LandCoverElementCharacteristic. This
component may be used to refine the metalanguage object corresponding to an LC_Element object with
respect to an natural surface characteristic to permit the generation of a more specific land cover feature class
in a land cover classification system. At the metalanguage level this class is empty but may be extended by
registration.

8.22.2.4 LC_WaterAndAssociatedSurfaceCharacteristic

The LC_WaterAndAssociatedSurfaceCharacteristic component is a subtype of LC
LandCoverElementCharacteristic. This component may be used to refine the metalanguage object
corresponding to an LC_Element object with respect to a water and associated surface characteristic to permit
the generation of a more specific land cover feature class in a land cover classification system.
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8.23 LC_GrowthFormCharacteristic

8.23.1 LC_GrowthFormCharacteristic subtypes

The LC_GrowthFormCharacteristic component is a subtype of LC_LandCoverElementCharacteristic. The
component LC_GrowthFormCharacteristic is related to the LC_VegetationElement metalanguage object by the
relation growthFormCharacteristics. This same relationship, of course, also applies to the metalanguage object
LC_GrowthForm which is a subtype of LC_VegetationElement. The component LC_GrowthFormCharacteristic
may be used to refine the metalanguage object LC_VegetationElement or any of its subtypes to permit the
generation of a more specific land cover feature class in a land cover classification system.

LC_GrowthFormCharacteristic has 12 subtypes: LC_FloristicAspect, LC_AllometricMeasurement;) LC
GrowthFormAge, LC TreeAreaManagementPractise, LC_BurntStatus, LC DeadStatus, LC_WaterSirgss,
LC_VegetafionDamage, LC_GrowthFormlliness, LC_Grazing, LC_Mowing and LC_VegetationAtrtifigiality. This
is represented in Figure 20.
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«interface»
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qIntertace»

LC_VegetationArtificiality

1]

LC_CultivatedAndManagedVegetation

Figure 20 — Subtypes of LC_GrowthFormCharacteristic

8.23.2 LC_GrowthFormCharacteristic classes

8.23.2.1 LC_FloristicAspects

The LC_FloristicAspects component is a subtype of LC_GrowthFormCharacteristic. It has one

optional

attribute: speciesName. The permitted values of the attribute speciesName are described by the code list
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LC_SpeciesName. The species name is derived from a single plant or the dominant or most frequent species
in a group of plants. This component may be used to refine the metalanguage object corresponding to an
LC_GrowthFormCharacteristic object with respect to its floristic aspect, to permit the generation of a more
specific land cover feature class in a land cover classification system.

8.23.2.2 LC_AllometricMeasurements

The LC_AllometricMeasurements component is a subtype of LC_GrowthFormCharacteristic. It has two
optional attributes: frunkDiameter and crownDiameter. The permitted values of the attribute trunkDiameter are
described by the value object LC PermlttedPosReaIVaIue The perm|tted values of the attribute crownD/ameter
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 cover feature class in a land cover classification system.

t_UnevenAge

evenAge component is a subtype of LC_GrowthFormCharacteristic. It has one optional attrib

The permitted values of-the" attribute percentage are described by the value object
brcentageValue. This attribute describes the percentage of each group of plants having the s
mponent may be used-to refine the metalanguage object corresponding to an LC_GrowthForm
espect to the age of a-specific vegetative layer, to permit the generation of a more specific
e class in a land covér classification system.
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tiopal\attribute: type. The permitted values of the attribute type are described by the codd
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permit the generation of a more specific land cover feature class in a land cover classification system.

8.23.2.7 LC_BurntStatus

, to

The LC_BurntStatus component is a subtype of LC_GrowthFormCharacteristic. It has one optional attribute:
percentage. The permitted values of the attribute percentage are described by the value object LC
PermittedPercentageValue. This attribute describes the percentage of each group of plants which have been
affected by fire to an extent that they are no longer able to regenerate. This component may be used to
refine the metalanguage object corresponding to an LC_GrowthFormCharacteristic object with respect to burnt
status, to permit the generation of a more specific land cover feature class in a land cover classification system.
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8.23.2.8 LC_DeadStatus

The LC_DeadStatus component is a subtype of LC_GrowthFormCharacteristic. It has one optional attribute:
percentage. The permitted values of the attribute percentage are described by the value object LC_
PermittedPercentageValue. This attribute describes the percentage of a growth form which has died. This
component may be used to refine the metalanguage object corresponding to an LC_GrowthFormCharacteristic
object with respect to dead status, to permit the generation of a more specific land cover feature class in a land
cover classification system.

8.23.2.9 LC_WaterStress

The
per
Per
coni
obje
cov

LC_ WaterStress component is a subtype of LC_ GrowthFormCharacteristic. It has @ne attribute:
entage. The permitted values of the attribute percentage are described by the value jobject LC
mittedPercentageValue. This attribute describes the percentage of plants that are water stressed. This
ponent may be used to refine the metalanguage object corresponding to an LC_GrowthFormCharacteristic
ct with respect to water stress, to permit the generation of a more specific land coyerfeature clgss in a land
br classification system.

8.23.2.10 LC_VegetationDamage

D attributes:
Fibed by the
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met’klanguage object corresponding to an LC_GrowthFormCharacteristic object with respect to w
permit the generation of a more specific land cover featurg, class in a land cover classification sys

LC VegetationDamage component is a subtype of LC_GrowthFormCharacteristic. It has twi
entage and optionally damageType. The permitted values of the‘attribute percentage are desc
e object LC_PermittedPercentageValue. The permitted values of'the attribute damageType arg described
e enumerated value object LC VegetationDamageType. “This component may be used t¢ refine the

a:Ear stress to
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8.23.2.11 LC_GrowthFormlliness
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LC_GrowthFormlliness component is a subtype of LC_GrowthFormCharacteristic. It has tw
entage and optionally type. The permittéd-values of the attribute percentage are described
ct LC_PermittedPercentageValue. The permitted values of the attribute type are described by
GrowthFormllinessType. This comparnent may be used to refine the metalanguage object correl

an UC_GrowthFormCharacteristic object with respect to growth form iliness, to permit the generatign of a more
spetific land cover feature class in‘a land cover classification system.

8.23.2.12 LC_Grazing

The| LC_Grazing componeént is a subtype of LC_GrowthFormCharacteristic. It has two attributes: iptensity and
optipnally animalType:“This component may be used to refine the metalanguage object correspgnding to an
LC |GrowthFormGCharacteristic object with respect to the grazing of a specific vegetative layer, t¢ permit the
gengration of-a, more specific land cover feature class in a land cover classification system.

8.23.2.143 LC_Mowing

Th LC_Muvvilly bUIIIIJUIIUIIt s au'utypc of LC_GluvvﬂlFunllCi raracteristic—is COMPOTTET t-rray be used to

refine the metalanguage object corresponding to an LC_GrowthFormCharacteristic object with respect to the
mowing of a specific vegetative layer, to permit the generation of a more specific land cover feature class in a
land cover classification system.

8.23.2.14 LC_VegetationArtificiality

The LC_VegetationArtificiality component is a subtype of LC_GrowthFormCharacteristic. It has two subtypes:
LC_NaturalOrSeminaturalVegetation and LC_CultivatedAndManagedVegetation. This component may be
used to refine the metalanguage object corresponding to an LC_GrowthFormCharacteristic object with respect
to the artificiality of a specific vegetative layer, to permit the generation of a more specific land cover feature
class in a land cover classification system.
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8.23.2.15 LC_NaturalOrSeminaturalVegetation

The LC_NaturalOrSeminaturalVegetation componentis a subtype of LC_VegetationArtificiality. This component
may be used to refine the metalanguage object corresponding to an LC_VegetationArtificiality object with
respect to the artificiality of a specific vegetative layer, to permit the generation of a more specific land cover
feature class in a land cover classification system.

8.23.2.16 LC_CultivatedAndManagedVegetation

The LC_CultivatedAndManagedVegetation component is a subtype of LC_VegetationArtificiality. This
component_m refine the metalan j rr ndin nlC_V ionAcrtificiality
object with fespect to the artificiality of a specific vegetative layer, to permit the generation of a more spefcific
land cover feature class in a land cover classification system.

8.23.2.17 LC_SpeciesName

The code ligt LC_SpeciesName contains a list of species names. At the metalanguage lgvel this list is empty,
but it may ble populated through registration.

8.23.2.18 LC_TreeAreaManagementPracticesType

The codeligtLC_TreeAreaManagementPracticesType contains a list of tree management practise types. This list
contains folir types: evenAgedManagement, clearcutting, seedTreeHarvesting and unevenAgedManagement.
This list maly be extended through registration.

8.23.2.19 LC_VegetationDamageType

The code ligt LC_VegetationDamageType allows a list of damage types to be described. At the metalangyage
level this lisf is empty, but it may be populated through registration.

8.23.2.20 LC_GrowthFormllinessType

The code list LC_GrowthFormllinessType allows' a list of growth form iliness types to be described. Afl the
metalangudge level this list is empty, but it may be populated through registration.

8.23.2.21 LC_GrazingAnimalType

The code list LC_GrazingAnimalType allows a list of growth form illness types to be described. At|the
metalangudge level this list issemipty, but it may be populated through registration.

8.24 LC_NameAttributionCriteria

8.24.1 LC_NameAttributionCriteria subtypes

The LC_NpmeAttributionCriteria metalanguage object is a component of LC FloristicAspect thrdugh
the relationship nameAttributionCriteria and has two subtypes: LC_SinglePlantSpecies and LC
GroupOfPlantSpecies. These two subtypes correspond to the two cases where a floristic name is derived from
a single plant species or a group of plant species. This component may be used to refine the metalanguage
object corresponding to an LC_FloristicAspect object with respect to species name to permit the generation of
a more specific land cover feature class in a land cover classification system. This is represented in Figure 21.
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Figure 21 — Subtypes of LC_NameAttributionCriteria

.2 LC_NameAttributionCriteria classes

.2.1 LC_SinglePlantSpecies

LC_SinglePlantSpecies component.metalanguage object is a subtype of LC_NameAttribu
It hais one optional attribute type. The permitted values of the attribute type are described by t

SinglePlantSpeciesType.

.2.2 LC_GroupOfPlantSpecies

LC_GroupOfPlantSpecies component metalanguage object is a subtype of LC_NameAttribu
It has one optional attribute: type. The permitted values of the attribute type are described by t
_|GroupOfPlantSpeciesType.

.2.3 LE=SinglePlantSpeciesType

8.24.2.4 LC_GroupOfPlantSpeciesType

tionCriteria.
ne code list

tionCriteria.
ne code list

The code list LC_GroupOfPlantSpeciesType contains a list of types of methods used for naming groups of
plants. This list contains two types: statisticallyDerivedPlantGroup and nonStatisticallyDerivedPlantGroup.
This list may be extended through registration.
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8.25 LC_CultivatedAndManagedVegetation

8.25.1 LC_CultivatedAndManagedVegetation subtypes

The LC_CultivatedAndManagedVegetation component is a subtype of LC_VegetationArtificiality. This
component may be used to refine the metalanguage object corresponding to an LC_VegetationAtrtificiality
object with respect to the artificiality of a specific vegetative layer to permit the generation of a more specific
land cover feature class in a land cover classification system.

CultivatedAndManagedVegetation has 11 subtypes: LC_UrbanPark, LC_CropYield, LC_Plantation,
LC_CropGrawingParameter, | C PlantSpreadingGeometry, | C WaterSupplyPeriod, | C FieldSize, 1C
MechanicalErosionControl, LC_PestControl, LC_CropFertilization and LC_Ploughing. This is represented
in Figure 22.
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Figure 22 — Subtypes of LC_CultivatedAndManagedVegetation
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8.25.2 LC_CultivatedAndManagedVegetation classes

8.25.2.1 LC_UrbanPark

The LC_UrbanPark component metalanguage object is a subtype of LC_CultivatedAndManagedVegetation.
This component may be used to refine the metalanguage object corresponding to an LC_
CultivatedAndManagedVegetation object, by indicating that it is an urban park, to permit the generation of a
more specific land cover feature class in a land cover classification system.

8.25.2.2 LC_CropYield

The LC_CrppYield component metalanguage object is a subtype of LC_CultivatedAndManagedVegétation.
It has one attribute: yield. The permitted values of the attribute yield are described by the value object LC
PermittedPpsRealValue. This component may be used to refine the metalanguage object corresponding tp an
LC_CultivatedAndManagedVegetation object to permit the generation of a more specific land,céver feature
class in a Ignd cover classification system.

8.25.2.3 L¢_Plantation

The LC_Pl3antation component metalanguage object is a subtype of LC_CultivatedAndManagedVegetatign. It
has two suptypes: LC_ForestPlantation and LC_OrchardAndOtherPlantation..This component may be {sed
to refine thg metalanguage object corresponding to an LC_CultivatedAndManagedVegetation object to pgrmit
the generatjon of a more specific land cover feature class in a land cover,elassification system.

8.25.2.4 LG_ForestPlantation

The LC_FarestPlantation component metalanguage object isia ‘subtype of LC_Plantation. This component
may be used to refine the metalanguage object corresponding to an LC_CultivatedAndManagedVegetdtion
object, by indicating that it is forest plantation, to permitttie generation of a more specific land cover fegture
class in a Ignd cover classification system.

8.25.2.5 LG_OrchardAndOtherPlantation

The LC_OrchardAndOtherPlantation eomponent metalanguage object is a subtype of LC _
Plantation. |This component may be ,used to refine the metalanguage object corresponding to an |LC
CultivatedAhdManagedVegetation object, by indicating that it is orchard or other plantation, to permit| the
generation pf a more specific land-eover feature class in a land cover classification system.

8.25.2.6 LG_CropGrowingParameter

_LCropGrowingParameter component metalanguage object is a subtype of |LC_
CultivatedAndManagedVegetation. It has three optional attributes: seedingTime, growinglLength |and
overlapGroping and-a component LC_OverlapGrowingToReferenceCrop. The permitted values of the attribute
afe described by the value object LC_PermittedPosIntegerValue. The permitted values of| the
attributes gfowingLength are described by the value object LC_PosintegerRange. The permitted values of the
attribute overlapGrowing are described by the value object LC_PermittedPercentageValue. This component
may be used to refine the metalanguage object corresponding to an LC_CultivatedAndManagedVegetation
object to permit the generation of a more specific land cover feature class in a land cover classification system.

8.25.2.7 LC_OverlapGrowingToReferenceCrop

The component LC_OverlapGrowingToReferenceCrop is related to LC_CropGrowingParameter class by
the relation overlapGrowing. It has one optional attribute: growingPeriodPercentage. The permitted values
of the attribute growingPeriodPercentage are described by the value object LC_PermittedPercentageValue.
The component LC_OverlapGrowingToReferenceCrop may be used to refine the metalanguage object LC_
CropGrowingParameter to permit the generation of a more specific land cover feature class in a land cover
classification system.
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8.25.2.8 LC_PlantSpreadingGeometry

The LC_PlantSpreadingGeometry metalanguage object is a subtype of LC_CultivatedAndManagedVegetation.
It has one optional attribute: type. The permitted values of the attribute type are described by the code list LC__
PlantSpreadingGeometryType. This component may be used to refine the metalanguage object corresponding
to an LC_CultivatedAndManagedVegetation object to permit the generation of a more specific land cover

feature class in a land cover classification system.
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C_CultivatedAndManagedVegetation object to permit the generation of a more specific land ¢
s in a land cover classification system.

2.1 LC_MechanicalErosionControl
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hanicalErosionControlType. This componient may be used to refine the metalanguage object co
n LC_CultivatedAndManagedVegetation object to permit the generation of a more specific
Lire class in a land cover classificationsystem.

212 LC_PestControl

LC_PestControl metalanguage object is a subtype of LC_CultivatedAndManagedVegetation
bnal attributes: frequency and type. The permitted values of the attribute frequency are desc

b list LC_ PestControlType. This component may be used to refine the metalanguage object co
n LC_CultivatedAndManagedVegetation object to permit the generation of a more specific
Lire class,in 'a land cover classification system.
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ation. It has

two optional attributes: frequency and type. The permitted values of the attribute frequency are described
by the value object LC_PermittedPosIntegerValue. The permitted values of the attribute type are described
by the code list LC_CropFertilizationType. This component may be used to refine the metalanguage object
corresponding to an LC_CultivatedAndManagedVegetation object to permit the generation of a more specific
land cover feature class in a land cover classification system.

8.25.2.14 LC_Ploughing

The LC_Ploughing metalanguage object is a subtype of LC_CultivatedAndManagedVegetation. It has two
optional attributes: frequency and type. The permitted values of the attribute frequency are described by the
value object LC_PermittedPosIntegerValue. The permitted values of the attribute type are described by the
code list LC_PloughingType. This component may be used to refine the metalanguage object corresponding to

© 1S0O 2012 — All rights reserved 51


https://standardsiso.com/api/?name=7654ef09880f184d8f22508526a86c87

ISO 19144-2:2012(E)

an LC_CultivatedAndManagedVegetation object to permit the generation of a more specific land cover feature
class in a land cover classification system.

8.25.2.15

LC_PlantSpreadingGeometryType

The code list LC_PlantSpreadingGeometryType contains a list of types of plant spreading geometry. This list
contains two types: regular and irregular. This list may be extended through registration.

8.25.2.16

The code lis

LC_IrrigationType
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8.26 LC_ArtificialSurfaceCharacteristic

8.26.1 LC_|
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component

is list may be extended through registration.

LC_MechanicalErosionControlType

st LC_MechanicalErosionControlType contains a list of mechanical erosion control types.
5 three types: contourPloughing, terracing and windBreak. This list may be extended thrg

LC_PestControlType

t LC_PestControlType contains a list of pest control types. This list contains two types: organic
his list may be extended through registration.

LC_CropFertilizationType

5t LC__CropFertilizationType contains a list of types*qf crop fertilization types. This list contains
nic and inorganic. This list may be extended throtigh registration.

LC_PloughingType

st LC_PloughingType contains a list of ploughing types. This list contains three types: mar
mal and mechanical. This list may be extended through registration.

ArtificialSurfaceCharacteristic subtypes

ificialSurfaceCharacteristic component is a subtype of LC_LandCoverElementCharacteristic.
LC_ ArtificialSurfaceCharacteristic is related to the LC_ArtificialSurfaceElement metalangy

object by t
Constructi

object LC_ ArtificialSurfaceElement to permit the generation of a more specific land cover feature class
land cover ¢lassification system. This is represented in Figure 23.
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Figure 23 — Subtypes of LC_ArtificialSurfaceCharacteristic
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LC_ConstructionStatus componentmetalanguage objectis a subtype of LC_ ArtificialSurfaceCh|
s two optional attributes: age and type. The permitted values of the attribute age are described
ct LC_PermittedPosRealValue. The permitted values of the attribute type are described by f{
ConstructionStatusType.(This component may be used to refine the metalanguage object correl
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LC_Use component is a subtype of LC_ArtificialSurfaceCharacteristic. The different ways o
are yser defined. Attributes may be established through registration. This component may
e the metalanguage object corresponding to an entire LC_ ArtificialSurfaceCharacteristic obje
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peneration of a more specific land cover feature class in a land cover classification system.

f describing
be used to
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8.26.2.3 LC_ArtificialSurfaceDamage

The LC_AtrtificialSurfaceDamage component is a subtype of LC_ArtificialSurfaceCharacteristic. It has two
attributes: percentage and optionally damageType. The permitted values of the attribute percentage are
described by the value object LC_PermittedPercentageValue. The permitted values of the attribute damageType
are described by the enumerated value object LC_ArtificialDamageType. This component may be used to refine
the metalanguage object corresponding to an LC_ ArtificialSurfaceCharacteristic object with respect to water
stress to permit the generation of a more specific land cover feature class in a land cover classification system.
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8.26.2.4 LC_ArtificialDamageType

The code list LC_ArtificialDamageType allows a list of damage types to be described. At the metalanguage
level this list is empty, but it may be populated through registration.

8.26.2.5 LC_ConstructionStatusType

The code list LC_ConstructionStatusType contains a list of types describing the status of construction. This
list contains three types: finished, in_progress and abandoned. This list may be extended through registration.

8.27 LC_
8.27.1 LC_WaterAndAssociatedSurfaceCharacteristic subtypes
The LC| WaterAndAssociatedSurfaceCharacteristic

LandCoverElementCharacteristic. ~The

object is a

component

is a
LC_WaterAndAssociatedSurfacesCharacteristic
component related to the LC_WaterBodyAndAssociatedSurfaceElement metalanguage ohject

of | C

subtype -
metalangyage

by the relation waterBodyAndAssociatedSurfaceCharacteristic. It has six subtypes: LC_Aquaculfure,

LC_Artificiglity,
component

LC_WaterSalinity,

LC_SnowCategory,

LC IceCategory and ALC/WaterChemistry.
LC_WaterAndAssociatedSurfaceCharacteristic may be used to refine“the metalanguage oljject

The

LC_WaterBodyAndAssociatedSurfaceElement to permit the generation of a more specific land cover fegture
class in a Ignd cover classification system. This is represented in Figure 24
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Figure 24 — Subtypes of LC_WaterAndAssociatedSurfaceCharacteristic
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8.27.2 LC_WaterAndAssociatedSurfaceCharacteristic classes

8.27.2.1 LC_Aquaculture

The LC_Aquaculture component metalanguage object is a subtype of LC_
WaterAndAssociatedSurfaceCharacteristic component. It has one optional attribute: type. The permitted values
of the attribute fype are described by the code list LC_AquacultureType. The component LC_Aquaculture
may be used to refine the metalanguage object LC_WaterBodyAndAssociatedSurfaceElement to permit the
generation of a more specific land cover feature class in a land cover classification system.

8.2F:22tCATtificiatity

Th LC_ Artificiality component metalanguage object is a subtype of LC_
WaterAndAssociatedSurfacesCharacteristic component. It has one optional attribute: -fype. The permitted
valdes of the attribute type are described by the code list LC_ArtificialityType. The component LC| Artificiality
may be used to refine the metalanguage object LC_WaterBodyAndAssociatedSurfaceElement t¢ permit the
gengration of a more specific land cover feature class in a land cover classification, System.

8.27.2.3 LC_WaterSalinity

Th LC_WaterSalinity component metalanguage object, is a subtype of LC_
WaterAndAssociatedSurfacesCharacteristic component. It has one optional attribute: type. The pernjitted values
of the attribute type are described by the code list LC_WaterSalinityType. The component LC_WaterSalinity
may be used to refine the metalanguage object LC_WaterBodyAndAssociatedSurfaceElement t¢ permit the
gengration of a more specific land cover feature class in a land cover classification system.

8.27.2.4 LC_SnowCategory

The LC_SnowCategory component metalanguage object is a subtype of LC_
WaterAndAssociatedSurfacesCharacteristic_component. It has one optional attribute: type. The permitted
valdes of the attribute type are described by the code list LC_SnowType. The component LC_Sn¢wCategory
may be used to refine the metalanguage(object LC_WaterBodyAndAssociatedSurfaceElement t¢ permit the
gengration of a more specific land covenfeature class in a land cover classification system.

8.27.2.5 LC_IceCategory

Th LC IceCategory component metalanguage object is a subtype of LC
WaterAndAssociatedSutfacesCharacteristic component. It has one optional attribute: type. The permitted
valyes of the attributelfype are described by the code list LC _IceType. The component LC_IceCategory may be
usefl to refine the metalanguage object LC_WaterBodyAndAssociatedSurfaceElement to permit thg generation
of almore specificiland cover feature class in a land cover classification system.

8.27.2.6 LC WaterChemistry

The| LC) WaterChemistry component is a subtype of LC_WaterAndAssociatedSurfacesCharactefistic. It has
one attribute: nutrientLevel. The permitted values of the attribute nutrientLevel are described by the value object
LC_NutrientLevel. This component may be used to refine the LC_WaterBodyAndAssociatedSurfaceElement
to permit the generation of a more specific land cover feature class in a land cover classification system.

8.27.2.7 LC_AquacultureType

The code list LC_AquacultureType contains a list of aquaculture types. At the metalanguage level this list is
empty, but it may be populated through registration.

8.27.2.8 LC_ArtificialityType

The code list LC_ArtificialityType contains a list of artificiality types. This list contains two types: natural and
artificial. The list may be extended through registration.
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8.27.2.9 LC_WaterSalinityType

The code list LC_WaterSalinityType contains a list of water salinity types. This list contains four types: fresh,
brackish, saline and brine. The list may be extended through registration.

8.27.2.10

LC_SnowType

The code list LC_SnowType contains a list of snow types. At the metalanguage level this list is empty, but it may
be populated through registration.

8.27.2.11 LClceType

The code ligt LC_IceType contains a list of ice types. At the metalanguage level this list is empty, butif ma
populated through registration.

8.27.2.12 LC_NutrientLevel

The code list LC_NutrientLevel contains a list of nutrient levels. This list contains three-types: oligotrof
mesotrophig and eutrophic. This list may be extended through registration.

8.28 LC_ValueObject permitted numeric values

8.28.1 LC_|ValueObiject general description

The LC_ValueObject is a metalanguage object that describes how permitted numeric values at the metalangu
level maybeinstantiated to the basic number types at the type level. The basic number types are defined in ISC
19103 and are required for implementation of this part of ISO 19144. The LC_ValueClass metalanguage of
is an abstrgct supertype of the three abstract metalanguage:value objects LC_PermittedRealValueType,

PermittedP

rcentageValueType and LC_PermittedintegerValueType. Each of these value objects has subty

that describe a number and a range. Each of the value objects is described by a constraint that characterizes
type of numierical entity that may be represented by.the value object. This is represented in Figure 25.

The LC_PermittedPosRealValue, LC_PermittedPercentageValue and LC_PermittedPosintegerValue obj
may be extended into a range, where the_ihherited attribute baseValue becomes the minimum value of
range and a new attribute maxValue desgribes the maximum value of the range.

These valug¢ objects are generators fer the actual value objects that will appear in instances of a classifica
system genferated using the LCML./The result of instantiating these objects are value classes taken fron
basic types|provided in ISO/TS\19103. The results of instantiating a classification system are objects that ¢
actual valugs. In the variousyexamples given in this part of ISO 19144, value objects have been instanti
from the mgtalanguage level'to the type level and then to the instance level, to produce real objects as nee
in an example.
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IS, «type»

«interface» < «instantiate» Numerics::Number
LC_ValueObject {root}

«interface» —B
LC_PermittedRealValue -
- L__{ value may be positive
+ value: Real or negative. Negative
values are depths and
positive values are

«interface»
LC_PermittedRealValueType

«interface»

LC_PermittedPosRealValue heion s
+ baseValue: Real
coTnstraimts B
{baseValue >= 0.0} A PermittedPosRealVa
- lug'maybe pxtended
«interface» into‘a’range], where the
LC_PermittedPosRealRange inWrited atkibute
» maiebhe: Red baseV alue [becomes
I [ the minimur value of
. the range apd a new
constraints )
| __| attribute mpxValue
{maxValue > baseValue} )
{baseValue >= 0.0} describes te
{maxValue >= 0.0} maximum vplue of the
S— range.
«interface»
| | «interface» LC_PermittédPercentageValue
LC_PermittedPercentageValueType
+ baseVdlye: Real
constraints
{basevalue >= 0.0} AN
{baseValue <= 100.0} A PermittefiPercentage
Value may|be
«interface» extended ipto a range,
LC_PermittedPercentageRange where the |nherited
attribute bdseV alue
+ maxValue: Real becomes the minimum
=~ value of thp range and
constraints a new attripute
{maxValue > baseValue} maxValue |describes the
{maxValue > 0.0} maximum jalue of the
{maxValue <= 100.0} range.
. «interface»
interface» <]—L LC_PermittedPosIntegerValue
LC_PermittedintegerValueType
) =4 + baseValue: Integer
constraints AN
{baseValue >= 0} A PermittefiPosInteger
Value may|be
«interface» extended ipto a range,
LC_PermittedPosIntegerRange where the |nherited
PE—— attribute bdseV alue
. 9 becomes the minimum
[~ 7| value of thp range and
constraints a new attripute
{maxValue > baseValue} maxValue |describes the
{maxValue >= 0} maximum falue of the
range.

Figure 25 — LC_ValueObject

8.28.2 LC_ValueObject types

8.28.2.1 LC_ValueObject

LCML defines a set of value objects at the metalanguage level that may be instantiated to generate basic
types in an application schema for a particular type of land cover data. That is, the value type metalanguage
objects provide constraints on the value ranges when instantiated into ISO/TS 19103 defined basicTypes.
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It has
Permittedin

three subtypes:

LC_PermittedRealValueType, LC_PermittedPercentageValueType,

tegerValueType.

8.28.2.2 Number

and LC_

Numberis a class from the ISO/TS 19103 basicTypes package to which the subtypes of LC_ValueObject may be
instantiated when describing a particular land cover classification system with the LCML metalanguage model.

8.28.2.3 LC_PermittedRealValueType

may be ins
ISO/TS 19
and indirec

8.28.2.4 L(
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antiated as a real number types using the Real type from the basic Primitive Types packag
03, with constraints. It has three subtypes: LC_PermittedRealValue, LC_PermittedPosRealV
ly LC_PermittedPosRealRange.

f_PermittedRealValue
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alue may be positive or negative. The sign convention is that/negative values are depths
les are heights.

b PermittedPosRealValue

rmittedPosRealValue metalanguage object is a‘subtype of LC_ PermittedRealValueType.
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package in [SO/TS 19103, with the constraint: {baseValue > = 0.0}.
8.28.2.6 LG_PermittedPosRealRange
The LC_P¢rmittedPosRealRange metalanguage object is a subtype of LC_ PermittedPosRealValue |and

indirectly off LC_PermittedRealValueType:it is a metalanguage object for a positive real number value rgnge

permitted i
and a new
maxValue n
package in

{maxValue > baseValue

the metalanguage. Therinherited attribute baseValue becomes the minimum value of the rg
ttribute maxValue deseribes the maximum value of the range, where the attributes baseValue
nay be instantiated as-a-pair of real number types using the Real type from the basic Primitive Ty
ISO/TS 19103, with the constraints:

nge
and
pes

and
baseV3lue~>'= 0.0
and
maxValue >=0.0}

8.28.2.7 LC_PermittedPercentageValueType

The LC_PermittedPercentageValueType metalanguage object is a subtype of LC ValueObject. It is a
metalanguage object for the various types of percentage values permitted in the metalanguage whose subtypes
may be instantiated as a real number types using the Real type from the basic Primitive Types package
in ISO/TS 19103, with constraints. It has two subtypes: LC_PermittedPercentageValueType, and indirectly
LC_PermittedPercentageRange.
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8.28.2.8 LC_PermittedPercentageValue

The LC_PermittedPercentageValue metalanguage object is a subtype of LC _PermittedPercentageValueType.
It is a metalanguage object for a positive integer number value permitted in the metalanguage where the
attribute baseValue may be instantiated as an integer number type using the Integer type from the basic
Primitive Types package in ISO/TS 19103, with the constraint:

{baseValue >= 0.0}

and

baseValue

8.28.2.9 LC_PermittedPercentageRange

The
indi
valy

of the range and a new attribute maxValue describes the maximum value of the fange, where th

bas

Prinmitive Types package in ISO/TS 19103, with the constraints:

8.28.2.10

The
met
be i
ISO|
Per

8.28.2.11

The
isa
bas
pac

8.28.2.12

The
indi

=100.0}.

LC_PermittedPercentageRange metalanguage object is a subtype of LC_PermittedPercentag
ectly of LC_PermittedPercentageValueType. It is a metalanguage object for a positive percent
e range permitted in the metalanguage. The inherited attribute baseValue becomes the min

bValue and maxValue may be instantiated as a pair of real number types.using the Real type frg

{maxValue > baseValue
and

maxValue >= 0 and maxValue <= 100.0}.

LC_PermittedintegerValueType

LC_PermittedintegerValueType metalanguage object is a subtype of LC_ValueObject. It is
class for the various integer number valués permitted in the metalanguage whose subtypes
hstantiated as an integer number type.using the Integer type from the basic Primitive Types
TS 19103, with constraints. It has twe’ subtypes: LC _PermittedPosIntegerValueType, and in
mittedPosIntegerRange.

LC_PermittedPosiIntegerValue

LC_PermittedPosIntegerValue metalanguage object is a subtype of LC_PermittedPosintegerV
metalanguage objectfor a positive integer number value permitted in the metalanguage where
bValue may be instantiated as a integer number type using the Integer type from the basic Prin
Kage in ISO/TSY9103, with the constraint: {baseValue > = 0}.

LC_PermittedPosintegerRange

eValue and

hge number

mum value
e attributes
m the basic

an abstract
which may
package in
lirectly LC_

alueType. It
he attribute
hitive Types

LC\PermittedPosIntegerRange metalanguage object is a subtype of LC_PermittedPoslinteg

rValue and
ectly of LC PermittedPosintegerValueType. It is a metalanguage object for a positive inteT;er number

value range permitted in the metalanguage. The inherited attribute baseValue becomes the minimum value
of the range and a new attribute maxValue describes the maximum value of the range, where the attributes
baseValue and maxValue may be instantiated as a pair of integer number types using the Integer type from the

bas

ic Primitive Types package in ISO/TS 19103, with the constraints:
{maxValue > baseValue
and

maxValue >= 0}.
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9 Extension of the LCML

9.1 Introduction

The LCML contains a set of fixed metalanguage elements that are the basic vocabulary for describing different
land cover classification systems. This vocabulary has to be stable in order for descriptions of different land
cover classification systems to be comparable. Therefore, the subtypes of the class LC_Element in the model
used to express the metalanguage, shall only be allowed to be changed by amendment of this part of ISO 19144.

This allows

for a route to extend the language that is well controlled by the standardization process.

simpler rou
elements. If

Additions nj
lists associ
Element, ng

This part of
a national b
user of this
using the el
two land co
part of ISO

The respon
which wish
national bo
of two land
ISO 19144,
been stand
classificatig

NOTE L
registerin IS
in Clause 9 ig
to the charaq

9.2 BacKk

Since one
classificatig
Any changs
They mayb

registration in conformance with the registration rules described in Clause 9. This previde
e to extend the descriptive aspects of the metalanguage without changing the basic metalangy
also permits the characteristics and associated code lists to be extended.

ay also be made to the subtypes of the class LC_Element or the components)\attributes or g
bted with these metalanguage objects by registration. This is addition tonthe subtypes of
t change.

ISO 19144 defines the structure of the register, not its contents. The contents may be establishe

bart of ISO 19144 could make a perfect description of their national land cover classification sys
ements defined in this part of ISO 19144 plus additional registered extensions. A comparison o
ver classification systems using the LCML would be basedon the common elements defined in
19144 and on a comparison of the additional extensions\nationally registered.

Sibility for a register to extend the LCML by registration rests with the national body or organizz
bs to extend the LCML. The national body or ofganization would setup their own register. O
Jies or organizations might also set up other €quivalent registers for their own use. A compar
cover classification systems using the common portion of the LCML, as defined in this pa
will only be to the level of detail addressed by the metalanguage objects and attributes that h
prdized. To do a comparison to a moresdetailed level will require an examination of the land ¢
n system in terms of the registered_items in one or both registers.

[he register described in Clausé:9'is different in purpose from the register described in 1ISO 19144-1.
D 19144-1 is used to record the legend classes produced from a land cover classification system. The reg

teristics.

ward compatibitity

pf the primary purposes of the LCML is to allow for comparison between different land ¢
n systemsit is important that any changes to the vocabulary of the metalanguage be well contro
shall\be backward compatible. None of the metalanguage objects may be deleted from the mg
e extended with additional UML attributes. If a subobject needs to be altered an additional subok

Py

ode
| C

d by

ody or other user of this part of ISO 19144 who would establish their.own instance of the registgr. A

tem
the
this

tion
ther
son
[t of
ave
bver

The
ister

at a different level. It is used.to manage any extensions to the metalanguage objects in the LCML or chapges

bver
led.
del.
ject
ated

may be defi

™

taranlacathat ohinet laavina tha Ald Ahiaat in Nlasns far hanloyard aamnatihility, 0o o Aaneas
CtoTre Pttt Oojeot ey migTie COpEC ot Pt e PatY T GO Pttty o e pres

object. This is in accordance with the procedures for registration as described in ISO 19135.

EXAMPLE If a code list is extended the old version of the code list is superseded with a new object containing the
complete new list. The old list remains in the register with an old identifier and date. In order for the comparative aspect of
the language to work the relationship between the new class and the deprecated class shall be described.

The maintenance of backward compatibility in the LCML is required both in the basic metalanguage elements
that are the subtypes of LC_Elements, which may only be changed by amendment to this part of ISO 19144,
and for changes to the metalanguage objects LC_ElementCharacteristic and LC_ClassCharacteristic which
may be done by registration.

The register shall contain a version number that shall be incremented with any change. Changes to the standard
by amendment shall be tracked by the version and amendment number of the standard.
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LCML register structure

9.3.1 Elements of the registers

The schema specified in Clause 9 describes the structure of a register for the extension and maintenance of
the properties of the LCML as expressed in the metalanguage objects LC_ElementCharacteristic and LC_
ClassCharacteristic and the extension only of LC_Element. The register for the LCML is a multipart register as
defined in ISO 19135:2005, 7.1.3 in which several item classes are registered. The item classes are:

a)

LC_ClassCharacteristicDescriptorltem—adescription of an additional orrevised subtype ofthe metalanguage

object | C ClassCharacteristic that provides general attributes to a land cover metalanguage o

ject.

b)

9.3.

The
The
LCN
LC

Ele

cor:ﬁsponding LC_ClassCharacteristicDescriptorClass,- k€ ElementCharacteristicDescriptorClag

LC_ElementCharacteristicDescriptorltem — a description of an additional or revised. 'sub
metalanguage object LC_ElementCharacteristic that provides particular attributes)te a
metalanguage element (a subtype of LC_Element).

LC_ElementDescriptorltem — a description of an additional subtype of LC_Element or any o
defined subtypes that allows for an additional refinement of an LC_Element’'subtype. The s
subtypes of LC_Element shall not be changed through registration, only.added to.

P Register schema

LCML register schema is derived from the register schema~in 1SO 19135 and is shown in
register schema is extended to include a subtype ef) RE_Register for a LCML re
ILRegister), a subtype of RE_Registeredltem corresponding to LC_ClassCharacteristicDes
ElementCharacteristicDescriptorltem and LC_ElementDescriptorltem and a subtype of RE

entDescriptorClass.

ype of the
land cover

[ its already
andardized

Figure 26.
pister (LC_
criptoritem,
| ItemClass
s and LC_
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1SO 19135:2005 Procedures for Registration::
RE_SubmittingOrganization

RE_RegisterOwner

1SO 19135:2005 Procedures for Registration::

1SO 19135:2005 Procedures for Registration::
RE_RegisterManager

+submitter 1.* +owner/(\ 1 +manager 1
Sponsorship Owngrship Management Reference

+register|1..*  +register|1..*  +register|1..*

L reai

1SO 19135:2005 Procedures for Registration:: register

RE_Register 1.

A +register | 1..*
Content +register | 1.* ContentDescription
| LC_LCMLRegister
+coptainedltem 1.* +containedltemClass 1.%

1."+describedltem

Categorization

+itemClass

1SO 19135:2005 Procedures for, Registration::

1SO 1913%:2005 Procedures for Registration::
RE_Registerltem

+ |1 1 0. A +successor
] il +predecessor  0..*
@ 3
= 0.*
a Modification
T
3
LC_ClassCharacteristicDescriptoritem

Soyrce | Linefage |

+ | LC_ElementCharacteristicDescriptoritem
& 4
o (3
@ =
=3 =
g g _|
g = LC_ElementDescriptoritem |
=3 E
=] —
w =
= @
< ©
S «
® 0. T\jyo.

1SO 19135:2005 Procedures for Registration::

+itemReference

+sourceCitation

1 RE_ltemClass

x

—I LC\ClassCharacteristicDescriptorClass

—I LC_ElementCharacteristicDescriptorClass

_I

LC_ElementDescriptorClass |

*

+citation 0..

1SO 19135:2005 Procedures for Registration::

RE_Reference 1.%

9.3.3 LCML register

9.3.3.1

Theclass L
which is det

62

LG_LCMLRegister

SourceReference

Figure 26 — LCML register schema showing added classes

L LCMLRegistér specifies information about the register itself. Itis a subclass of the class RE_Reg|ster
ined in ISO19135. It inherits 6 attributes from ISO 19135. This is illustrated in Figure 27. Two o
attributes are specialized below in 9.3.3.2 and 9.3.3.3. The other attributes are taken directly from ISO 19135

1 RE_ReferenceSource

the
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1ISO 19135:2005 Procedures for Registration::RE_Register

LC_LCMLRegister

::RE_Register
name: CharacterString
CUTTE MO uTIrdry. blldldblblollillg

9.3.

ISO
with

“Lamd Cover Meta Language Register”

9.3.

ISO
the
ofa

“Re
and

9.3.4 Registered Items

9.3.4.1 Registeredtem

The
has
are

The

uniformResourceldentifier: Cl_OnlineResource [1..%]
operatingLanguage: RE_Locale

version: RE_Version [0..1]

dateOfLastChange: Date [0..1]

+ + + + 4 +

Figure 27 — LCML Register

3.2 name

19135 specifies that the attribute name shall be a character stfing that is used to uniquely identi
in the set of registers maintained by the register owner. In the case the LCML register shall be

B.3 contentSummary

19135 specifies that the attribute contentSummary shall be a character string containing a general
burpose for which items in the register are made, including any limits to the scope of the register, a
bplications for which the items are intended. In this case the LCML register contentSummary shal

LC_ClassCharacteristic and the extension only of LC_Element”.

class RE_Régisterltem specifies elements of information to be recorded for each item held in
nine attributes and three associations. The attributes are taken directly from ISO 19135. The 3
fo three subtypes.

three subtypes to RE_Registeredliem are LC_ClassCharacteristicDescriptorl

fy a register
called:

statement of
nd the types
contain:

pister of LCML metalanguage objects used to extend the LCML metalanguage LC_ElementCharacteristic

b register. It
ssociations

em, LC

ElemeéntCharacteristicDescriptorltem and | C_ElementDescriptorltem. These subtypes take the[same form

and
a)
b)

c)

include the following attributes:
A definition of the registered LCML metalanguage object;

A description of any metalanguage object attributes to the LCML metalanguage object;

A reference to the parent class in the LCML metalanguage model (either from the standard or another
registered class) together with an indication of the type of relationship such as: subtype, component,

enumeration, code list;

A reference to any LCML metalanguage object which this metalanguage object supersedes (i.e. causes to

be deprecated).
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NOTE LC_Element objects may only be extended; that is, an instance of the registered item may be superseded only

by another in

stance that contains all of the information from the superseded registered item.

This is shown in Figure 28.

1ISO 19135:2005 Procedures for Registration::RE_Registeritem

itemIdentifier: Integer
name: CharacterString
/status: RE_ItemStatus
dateAccepted: Date [0..1]
dateAmended: Date [0..1]

+ + + 4+ o+

gefrttorr—CharacterString

description: CharacterString [0..1]

+ fieldOfApplication: Set<RE_FieldOfApplication> [0..1]

+ alternativeExpressions: Set<RE_AlternativeExpression> [0..1]

N

e

LC_ClassCharacteristicDescriptoritem

metalanguageObjectDescription: CharacterString
metalanguageObjectAttributes: CharacterString[0,.%]
referenceToParentClass: CharacterString
referenceToSupersededClass: CharacterStIingj‘(J..*]

+ + 4+ +

LC_ElementCharacteristicDescriptoritem

metalanguageObjectDescription:OhafacterString
metalanguageObjectAttributes\CharacterString[0..*]
referenceToParentClass: GhawacterString
referenceToSupersededClass: CharacterString[0..*]

Lva ]

+ + + +

LC.ElementDescriptoritem

metalanguage@bjectDescription: CharacterString
metalanguageObjectAttributes: CharacterString[0..*]
referenceJoParentClass: CharacterString
refereeeToSupersededClass: CharacterString

[ -

+ + + +

Figure 28 — Registered Item

9.3.4.2 nlme
The attribute name shall be thename of the registered LCML metalanguage object expressed as a charg

string. The
metalangus

Registered
ElementCh

name shall be‘aunique UML class name using the naming convention for classes in the L(
ge model.

class nameés used for the extension of subtypes of LC_Element, LC_ClassCharacteristic or
bracteristic objects shall be unique within the register.

cter
CML

C_

9.343 m

stalanguageObjectDescription

The attribute metalanguageObjectDescription shall be a description of the LCML metalanguage object
expressed as a character string.

9.3.4.4 metalanguageObjectAttributes

The optional attribute metalanguageObjectAttributes shall be a description of each of the attributes that form
part of the LCML metalanguage object described in the attribute metalanguageObjectDescription expressed
as a set of character strings.
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9.3.4.5 referenceToParentClass

The attribute referenceToParentClass shall be a character string that contains the name of the parent class
to which the registered metalanguage object related, (either from the standard or another registered class)
together with an indication of the type of relationship The reference is by object name using the UML object
name in the UML model of the LCML.

9.3.4.6 referenceToSupersededClass

The optional attribute referenceToSupersededClass shall be a character string or set of character strings
that contains the name of the object or objects to which the reqgister metalanguage object supersedes. The
reference is by object name using the UML object name in the UML model of the LCML.

9.3.p Item classes

9.3.5.1 LCML item classes

Thig registered item specifies information about what can be registered. The three.items that may bg registered
in the LCML register are represented as subclasses of RE_ItemClass. This.is illustrated in Figure p9.

1ISO 19135:2005 Procedures for Registration::RE_ItémClass

+ name: CharacterString
+ technicalStandard: CI_Citation
+ alternativeLanguages: Set<RE_Locale2

) %

LC_ClassCharacteristicDescriptorClass

NS

|| EC-ElementCharacteristicDescriptorClass

L LC_ElementDescriptorClass

Figure 29 — Classification Item Classes

9.3.5.2 LC_ClassCharacteristicDescriptorClass

Thig class inkerits three attributes: name, technicalStandard and alternativeLanguages.

For|the LCML register described in this part of ISO 19144 the attribute “name” shall contain th¢ text string
“LC|_MetalanguageCharacteristicDescriptorClass” to identify the registered item class. |

The attribute “technicalStandard” shall contain the following:

i) title: “ISO 19144-2, Geographic information — Classification systems — Part 2: Land Cover Meta
Language (LCML)”

i) alternateTitle: “ISO 19144-2"
i) date: “2012”
iv) otherCitationDetails: “ISO 19144-2:2012, 9.3”

The attribute “alternativeLanguages” is optional.
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9.3.56.3 LC_ElementCharacteristicDescriptorClass

This class inherits three attributes: name, technicalStandard and alternativeLanguages.

For the land cover classification system register described in this part of ISO 19144 the attribute “name” shall
contains the text string “LC_ElementCharacteristicDescriptorClass” to identify the registered class.

The attribute “technicalStandard” shall contain the following:

i)

title: “1SO 19144-2, Geographic information — Classification systems — Part 2: Land Cover Meta

Language (LCML)”

i)
ii)

iv)

alternateTitle: “ISO 19144-2”
date: “2012”
otherCitationDetails: “ISO 19144-2:2012, 9.3”

The attribufe “alternativeLanguages” is optional.

9.3.5.4 Ld
This class i

For the lang

contains thL

The attribu
i)
i)
iii)

iv)

b_ElementDescriptorClass

“technicalStandard” shall contain the following:

nherits three attributes: name, technicalStandard and alternativeLanguages.

cover classification system register described in this part of SO 19144 the attribute “name” ghall
text string “LC_ElementDescriptorClass” to identify the registered class.

title: “1SO 19144-2, Geographic information — Classification systems — Part 2: Land Cover Nleta

Language (LCML)”

alternateTitle: “ISO 19144-2"
date: “2012”
otherCitationDetails: “ISO 19144=2:2012, 9.3”

The attribufe “alternativeLanguages” is'optional.
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Annex A
(normative)

Abstract test suite

Introduction

This
The

normative annex presents the abstract test suite for evaluating conformance to this part.of
abstract test suite contains a test module for a Classification System (A.2), a test module fq

of npetaclasses for the extension of the LCML (A.3) and a test module for the comparison of twda

clag

A.2
a)

b)

A3

A3
a)

b)

c)

sification systems (A.4).

Conformance of a land cover classification system
Test Purpose: Verify that a land cover classification system may be described in terms of the

Test Method: Inspect the generated model of the land cover classification system by composin
metaclasses (LC_LandCoverDescriptor) for each class from the land cover classification systg
instantiating each class to form the land cover classification.system model. Each class in thq
classification system is to be expressed in terms of LC,_.Elements, LC_LandCoverElementCh
s) and LC_ClassCharacteristic(s) organized into LC_LandCoverDescriptor classes.

Reference: Clause 8, including the land cover high level class structure as defined in 8.5, and t
of the LC_Elements as defined in 8.7 including;all of the subtypes of LC_Element defined in
and the applicable characteristics as defined\in 8.21 — 8.28.

Test Type: Capability.

Conformance of a register for the extension of the metalanguage

1 Register content

Test Purpose: Verifythat the items in the register contain the minimum specified content.

Test Method: dnspect each of the entries in the register to ensure that they include all
information required by the RE_ Item class (from ISO 19135) together with the additional attrib
in the classes LC_ClassCharacteristicDescriptorltem, LC_ElementCharacteristicDescriptorltg
ElementDéscriptorltem as required in by Clause 9.

Reference: 9.3.4.

ISO 19144.
r a register
land cover

L CML.

h land cover
m and then

land cover
practeristic(

he definition
8.8 — 8.20,

lements of
tes defined
m and LC_

d)
A3
a)

b)

c)

d)

2

Test type: Capability.

Test case for uniqueness of registered metaclass names

Test purpose: Verify the uniqueness of name values used within the register for subtypes of LC_Element,

LC_ClassCharacteristic or LC_ElementCharacteristic classes.

Test method: For each item class in the register, check each item; no name shall appear more than once

where the item status is “valid”.
Reference: 9.3.4.2.

Test type: Capability.
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A.3.3 Test case for backward compatibility

a)

b)

c)

d)

A4 Co

a)

b)

68

Test purpose: Verify that any changes to the LC_Element, LC_ClassCharacteristic or

LC_

ElementCharacteristic classes do not generate an incompatibility with earlier versions of the registered or

standardized items.

Test method: For each new registered item verify that any class that it modifies or supersedes is marked

as invalid and that the new registered item references the superseded item.
Reference: 9.2 and ISO 19135.

Test type—Gapabitity-

Test Plirpose: Comparison of two land cover classification systems to identify the differences. This
enable|the development of a mapping between the two systems.

Test Method: Generate a model for each of the land cover classification systems by composing

cover metalanguage objects (LC_LandCoverDescriptor) for each class fromeaeh of the two land ¢
classification systems and then instantiating each class to form two separaté land cover classifica
systemis models. Each class in each of the two the land cover classification systems is to be expres
in terms of LC_Elements, LC_LandCoverElementCharacteristic(s)< and LC_ClassCharacterist
organized into LC_LandCoverDescriptor metalanguage objects indaceordance with the LCML. Exar
each gf the classes between each of the two land cover classification systems identifying which
identical because they have the same description using the<kCML metalanguage objects, which
generalizations or specializations of each other because they share the same root description using
LCML metalanguage objects, but one or the other classes uses additional metalanguage object descr
elemerjts or characteristics, and which ones are similar-because they share the many of the same L(
metalahguage object descriptor elements or charagteristics but differ on specific metalanguage ol
descrigtor elements or characteristics. From the Comparison generate a mapping between the two

cover dlassification systems.

Referepce: Clause 8, including the land cover high level class structure as defined in 8.3, and the defin
of the LC_Elements as defined in 8.4.including all of the subtypes of LC_Element defined in 8.5 to §
and the applicable characteristics astdefined in 8.17 to 8.24.

Test Tyjpe: Capability.

hformance of a comparison process of two land cover classification' systems

will

and
bver
tion
sed
c(s)
hine
are
are
the
ptor
CML
ject
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tion
16,
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Annex B
(informative)

The relationship of the LCML to the General Feature Model of ISO 19109

There currently exist in the world many different ways to describe land cover. Every description is a viewpoint
from a particular observer dependant on the objective, methodology and “language” used by the observer. The

inte
des

Eve
clag
clag

Acl
For

The
afe
deri
mod
the

Arg

Thig
are

thei
diffe

The)
cov

Criptive viewpoint to another.

Iy classification starts from a universe of discourse, which is the “world of interest”. To
sification system the universe of discourse is analysed according to a set of rules.”The resu
sification system or a feature data model to be used within an application schema:

pssification system is an exhaustive list of the land cover classes that describe the universe o
example the European Corine Land Cover System is an example of such.a classification syste

classification system can be used to create an Application Schema: The application schema
pture data model including the binding to its geometry and othef, properties. The feature data
ve directly from the classification system, or it may be a more. structured model such as a pa
el. It is also possible to directly derive the feature data model from the analysis by rule and th
Classification rule from the feature data model.

al data set is an instance of the application schema

classification system and related application sehema is unique to a particular point of view
many points of view that are all valid. There.isa need for comparing different classification s
[ associate application schemas. There is(also a need for integrating instances of data sets
rent systems.

br metalanguage. The metalanguage works at the classification system level. This is illustrated ix

Meta Language
Description (LCML)

Description of Classification System

Exhaustive list of classes
for a point of view

Universe of

Discourse Analysis (Classification System)

(Your World) by Rule Creation of Creation of
Application Classification
Schema System

Select list of classes or
parameterized list of

nt of this part of ISO 19144 is to establish an approach to compare descriptions and convert.ddta from one

establish a
t is either a

f discourse.
m.

consists of
model may
ameterized
bN generate

, and there
ystems and
roduced by

approach identified in this part of ISO 19144 is to describe different land cover systems using a common land

Figure B.1.

classes with attributes

(analogous to a Feature
Catalogue) as part of an
Application Schema, e.g.
with discrete coverage

v

Instance of a Data Set

Figure B.1 — Logical Framework

The core of the LCML is the composition of an LC_LandCoverDescriptor metalanguage object from a set of
LC_Element (s). The LCML provides a reference vocabulary of meta elements that is used to create a formal
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language for describing the land cover classes. Harmonization of different classification systems is achieved
on the basis of the LCML meta elements forming the classes and not on the basis of the classes themselves.

Figure B.2 shows the levels of abstraction. The LCML metalanguage is at the highest level of abstraction. The
instantiation of the metaclasses in the LCML is used to describe different classification systems.

The second level consists of all the different land cover classification systems expressing different points
of views from different disciplines or from different organizations within a discipline. A classification system
describes a dictionary of classifiers. ISO 19144-1 describes how these classifiers may be organized and how
they relate to a discrete coverage. Examples are legends derived from the UNFAO LCCS, the USGS Anderson
system, or the European Corine system.

At the third |evel are application schema used for a particular type or a series of data sets. Such an appli¢cdtion
schema negpds to be compliant with the rules for Application Schema as described in ISO 19109, At| the
application schema level the classes of the classification scheme correspond to features in the general fegture
model of ISP 19109, and the legend of classes corresponds to a feature catalogue. The set of.feature clagses
may be estpblished as a feature catalogue in conformance with ISO 19110. This is entirely.’consistent with
the use of features in all other types of application schemas for geographic information_including the use of

features to flescribe the components of a discrete coverage.
At the fourth level a specific set of data is an instance of the application schema.
AN
LandCoverMeta Language describing the common sub-
elements and their relations¢thatvmay be combined to create
. __--|any Land Cover Classification System. ISO 19144-2 is at this
LM_LandCoverMetaLanguage level. Q
I «instantiate» B
I A specific Land Cover Classification System that effectively
I establishesya'dictionary of classifiers that may be used to
LM_LandCoverClassificationSystem F - - - - create a\specific "System" (or Feature Concept Dictionary) for
— useindefining a specific Application Schema. ISO 19144-1
/I'\ addresses the organization of classifiers and their geometric
| «instantiate» representation using Discrete Coverage at this level of the
| hierachy.
|
LM_LandCoverApplicationSchema, |’ B
A ===—"""" An Application Schema, compliant with ISO 19109 Rules for
| <instantidte Application Schema, that defines the specific set of feature
| types used in the Feature Catalogue (Legend) for a Land
: Cover data set or series of data sets.
LM_ApplicationSchemalnstance L__
— N
A specific set of Land Cover data, compliant with the
Model showing the instantiation relationships Application Schema.
betyeen the LCML\Metalanguage and the
ClagsificationsSystem and an Application
Schema.

Figure B'2— Levels of abstraction in the relationship of the LCMLto an Application Schema

The reason for these multiple levels of extraction is to solve the underlying interoperability problems related
to the use of different definitions for features in different application schemas and classification systems. It is
not sufficient to simply define a single application schema or classification system to address all land cover
applications because it is impossible for all nations or user communities to agree upon one common point of
view. A realistic way to achieve interoperability is to look at the elements that make up the definition at the meta
level. Decomposition of a semantic concept into its constituent elements is a common alalytical technique to
establish an ontology. Classes with shared elements may be compared even though the name of the class in
different classification systems may be different.
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Annex C
(informative)

Examples

Descriptive examples

examples are of two types. The first set of examples C.2 to C.11 relate the definition of spec
cover classes using the LCML. This illustrates the flexibility of the LCML to handle many dif
nd cover.

second set of examples C.12 to CA6rare selected from some of the widely used land cover ¢
ms. This illustrates that these Jand cover classification systems can be represented using
a few classes have been shown although in some cases the complete representation of thg
sification system in the LCMD has been done separately and is available.

E For the examples in this Annex the class names begin with the two letter code EL to distinguish th

assification
nadequate.
at are used

instance of

gystem. The
| That is, the

detail. The
00 complex
he resultant
back to the
hd describe
LCML. This

fic selected
erent types

assification
the LCML.
land cover

em from any

r classes in the ISO/TG211 harmonized model and avoid any inadvertent clashes with names that may lbe generated
, because such

mple.

and West Afrlca Flgure C1 shows an example of tiger bush in an obllque view from a plane (on the left) and
from a satellite image [lkonos] (on the right). This may be treated as one land cover type with two horizontal
patterns open shrub patches and open grassland in distinct patterns.
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a) Oblique view %

4\
b) Satelfite image

Figure C.t}\%xample of Tiger Bush

The model |illustrated in Figure C.2 s a class EL_TigerBush composed of elements that correspond to
instances of the metalanguage objec m LCML. The class EL_TigerBush could be a class in a particular jand
cover classification system or in a@gend Class in a particular legend for a specific data set or data set sefies.

The class HL_TigerBush is ag'aaance of LC_LandCoverClass and is composed of two separate instancgs of
EL_TigerBysh:LC_Horizo attern.

The first instance ?t_TigerBush:LC_HorizontaIPattern has the attribute patternType = elongdted,
patternCovgrageP: tage = the range 15,0; 25,0 %, and patternOccurrence = 100 %. This instande of
EL_TigerBysh: orizontalPattern is composed of EL_TigerBush:LC_Stratum. This is an instantiation of

the LC_Stratum etalanguage object with the name Vegetatlon shrub patches for the stratum. ThIS |nstc nce
of EL_TigerBash:

conditional relatlonshlp ThIS is not shown in the model because Fixed is the default value for the attrlbute and
absence of the attribute implies the default value. It also has the attribute onTop = Baseline, meaning that the
element is with respect to the base level of the stratum, not on top of any other stratum. This is not shown in the
model because Baseline is the default value for the attribute and absence of the attribute implies the default
value. EL_TigerBush:LC_Stratum (vegetation) is composed of EL_TigerBush:LC_Shrub with the attributes
presenceType = Fixed, (as its default value, which is therefore not shown in the model) and cover = the range
4,0 % 10 20,0 %. EL_TigerBush:LC_Shrub is composed of EL_TigerBush:LC_NaturalOrSeminaturalVegetation
which is a growth form characteristic further refining the class EL_TigerBush:LC_Shrub.

The second instance of EL_TigerBush:LC _HorizontalPattern has the attribute patternCoveragePercentage =
the range 75,0; 85,0 %, and patternOccurrence = 100 %. This instance of EL_TigerBush:LC_HorizontalPattern
is composed of EL_TigerBush:LC_Stratum which has the attribute name equals Vegetation — open grassland
and has the attribute presenceType = Fixed, and the attribute onTop = Baseline, (as the default values,
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which are therefore not shown in the model). EL_TigerBush:LC_Stratum is composed of EL_TigerBush:LC _
HerbaceousGrowthForm with the attributes presenceType = Fixed (as its default value, which is therefore not
shown in the model), and cover = the range 15,0 % to 40,0 %. EL_TigerBush:LC_HerbaceousGrowthForm is
composed of EL_TigerBush:LC_NaturalOrSeminaturalVegetation which is a growth form characteristic further
refining the class EL_TigerBush:LC_HerbaceousGrowthForm. This is shown in Figure C.2.

«instance»
EL TigerBush : B
LC LandCoverClass attribute Instances
- patternType = elongated
’ - patternCoveragePercentage = 15.0;25.0 %

«instance»

Et—TigerBush~tCHorizontatPattern

L «instance» attribute instance

| __| - patternOccurrence = 100 %

EL TigerBush :LC Stratum [~ ~~~~~~"""""" - name = vegetation - shrub‘pafches
«instance» | | attribute Instance,
EL TigerBush :LC Shrub - cover=4.0; 2000 %

«instance»
EL TigerBush :

LC_NaturalOrSeminaturalVegetation

«instance» attribute instance
EL TigerBush :LC HorizontalPattern @ [~—————————-—<——— - patternCoveragePercentage =75.0}; 85.0 %
- patternOccurrence = 100.0 %
«instance» B
EL TigerBush :LC_Stratum attribute instance

- name = vegetation - open grassland
«instance» N

EL TigerBush:~\"  L__________ ) )
LC HerbaceousGrowthForm attribute instance

— - cover = 15.0;40.0 %
«instance»

EL TigerBush :
LC_NaturalOrSeminaturalVegetation

AN

Figure-C.2 — Example of Tiger Bush class element composition

C.3 Example-2’'— Vegetation in three strata in a Tree and Shrub Savannah

Thig example.describes the formation of a land cover class using different layers derived from instantiation
of the basic land cover element metalanguage objects belonging to the Vegetation group in te LCML. A
Savpnnah'is composed by three separate layers of Trees, Shrubs and Herbs with different cover of the woody
conjponent types. The first layer is composed by herbs. The second and third layers are compoded by trees
and shrubs of different height and cover (see Figure C.3).

Figure C.3 — Example of a Tree and Shrub Savannah in three strata
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The model illustrated in Figure C.4 shows a class EL_Savannah:LC_LandCoverClass composed of elements
that correspond to instances of the metalanguage objects from LCML. The class EL_Savannah:LC
LandCoverClass has been built up with a layer of herbaceous growth, a layer of trees with open cover (50 to
100 %) and a layer of shrubs with open cover (4 to 15 %).

«instance»
EL_Savannah :
LC_LandCoverClass

«instance»

EL_Savannah :LC HorizontalPattern

-. «instance» attribute instance
EL_Savannah :LC_Stratum - name = vegetation - herbs
L AT | ___] attribute Instance
EL_Savannah :LC_HerbaceousGrowthForm - cover = 50.0: 100.0 %
«instance»

EL_Savannah :
LC NaturalOrSeminaturalVegetation

«instance» attributeSinstance
] EL Savannah:LC Stratum [~~~ """ TTTT77 - namie =)vegetation - trees
L A Enees attribute Instances
EL_Savannah :LC Tree 77 - cover = 4.0; 15.0 %
RN - leafPhenology = woodyGrowthLeafPhenology
- leafTy = d thLeafT
cinstancey eafType = woodyGrowthLeafType
EL_Savannah :

LC NaturalOrSeminaturalVegetation

~

deaneEs E attribute instance.
— EL Savannah:LC Stratum (  ~~~~""""" """ - name = vegetation - shrubs
L (instance» | _| attribute Instances
EL/Savannah :LC_Shrub - cover=4.0;15.0 %
= - leafPhenology = woodyGrowthLeafPhenology
T - - leafType = woodyGrowthLeafType
«instance»
EL_Savannah :

LC NaturalOrSeminaturalVegetation

Figure<C:4'— Example of a Tree and Shrub Savannah class element composition

C.4 Example 3 — Vegetation in one stratum — Herbs and Dwarf Shrubs

This example describes two vegetation elements within one stratum. Herbs compete for space with Dwarf
Shrubs. The whole form a single stratum were the sum of the cover of both elements is not more than 100 %.
See Figure C.5.

Figure C.5 — Example of Herbs and Dwarf Shrubs in one stratum

The modelillustrated in Figure C.6 shows a class EL_DwarfShrubs:LC_LandCoverClass composed of elements
that correspond to instances of the metalanguage objects from LCML. The class EL_DwarfShrubs:LC
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LandCoverClass has been built up with a layer of herbaceous growth with cover (70 to 90 %) and a layer of
shrubs with open cover (10 to 30 %) and height (0,2 to 0,5 m).

«instance»
EL_DwarfShrubs :
LC_LandCoverClass

t

«instance»

EL_DwarfShrubs :LC_HorizontalPattern

C.5

Thig
grag

«instance»

EC_DwarfShrubs -LC_Stratum

attribute instance
- name = vegetation - shrubs

¢

EL_DwarfShrubs :LC_Shrub

«instance»

attribute Instances
- cover =10.0 ;30.0 %
- height = 0.2 ; 0.5 (meter)

L

«instance»
EL_DwarfShrubs :
LC NaturalOrSeminaturalVegetation

- leafPhenology = woodyGrowthLeafPhenology
- leafType = woodyGrowthLeafType

«instance»
EL_DwarfShrubs :LC_Stratum

Figure C.6 — Example of Herbs and Dwarf Shrubs class element composition

L

LC_HerbaceousGrowthForm

«instance»
EL_DwarfShrubs :

«instance»
EL_DwarfShrubs :
LC NaturalOrSeminaturalVegetation

Example 4 — Boulders with Moss in a Grassland

example illustrates thex'on Top” relationship. It describes boulders with moss on top of the bqg
sland. Three stratums are defined. The first stratum contains the herbaceous growth form co
to grassland. The second contain boulders. The third contains moss and includes an “onTop” re

strafjum before it, the /stratum containing the boulders (see Figure C.7).

—— U
A‘/\‘ K

e

Figure C.7 — Example of Boulders with Moss in a Grassland

AN
attribute instance
- name = vegetation - herbaceous growth
AN
attribute instances
-cover=70.0;90.0 %
- leafPhenology =
herbaceousGrowthLeafPhenology
ulders, in a
responding
ation to the

The model illustrated in Figure C.8 shows a class EL_BouldersWithMoss:LC LandCoverClass composed
of elements that correspond to instances of the metalanguage objects from LCML. The class EL_
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BouldersWithMoss:LC _LandCoverClass has been built up with a layer of herbaceous growth and a layer of abiotic
surface cover course fragments (Boulders) and a layer of moss with the “onTop” relation to the layer of boulders.

NOTE The relationship interStrataRelationship (see 8.6.2.4) is navigable in only one direction and is 1 to 0..1 (one to
one optional). This means that the association class may be implemented as an attribute on the instantiated class. This is
what is shown in these examples.

«instance»
EL_BouldersWithMoss :
LC_LandCoverClass

At
Hrstente

EL_BouldersWithMoss :LC_HorizontalPattern

AN
’ attribute instance
«instance»  pFoo—————————— - name = vegetation - herbaceous growth
EL_BouldersWithMoss :LC Stratum —
AN
t «instance» attribute Instance
EL BouldersWithMoss: [~~~ 7777777] - leafPhenology = herbaceousLeafPhenology
LC_HerbaceousGrowthForm O

«instance»

EL_BouldersWithMoss :
LC NaturalOrSeminaturalVegetation

AN
«instance» atiribute instance
EL BouldersWithMoss :LC Stratum | - | = name = abiotic element - course fragments
«instance»
EL BouldersWithMoss : RS- . . AN
LC_CoarseFragments \ attribute instance
e - type = boulder
«instance» N
EL BouldersWithMoss :LC Stratum [ attribute instances
- name = vegetation - moss
-onTop = previousE1
«insiah¢e»

EL_BouldersWithMoss :LC Moss

~7F

«instance»
EL_BouldersWithMoss :
LC NaturalOrSeminaturalVegetation

Figyre C.8.—=Example of Boulders with Moss in a Grassland class element composition

C.6 Example 5 — Mixed Elements in two strata for a Mangrove Swamp

This example describes a Mangrove Swamp that consists of two separate layers, one of vegetation and the
other of water. The combination of these two layers with vegetated and abiotic elements further described by
their characteristics illustrates a type of “flooded or regularly flooded vegetation” without the use of complex
definitions (see Figure C.9).
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Figure C.9 — Example of a Mangrove Swamp in two strata

«instance»

EL_Mangrove :
LC_LandCoverClass

model illustrated in Figure C.10 shows a class EL_Mangrove:LC_LandCover
elements that correspond to instances of the metalanguage objects from LCML. T
HCoverClass has been built up with a layer of trees and a water body Iayer.

'

ass cd
ass EL_M4

O
S
N\

5\

mposed of
ngrove:LC_

«instance» QQ
EL_Mangrove :LC_HorizontalPattern Q
N AN
«instance» ‘\0’ attribute instance
EL_Mangrove :LC Stratum [ . @ ““““ - name = vegetation - mangrove trees
N\
L A A
«instance» o= [ | attribute Instances
—Q—ﬁﬂ Mangrove :LC - leafPhenology = woodyGrowthLeafPhenology
@) - leafType = woodyGrowthLeafType
~
t}#ﬂance»
angrove :
LC NattQprSem|naturaIVegetat|on B
* attribute instance
cin w»‘ _________________ - name = abiotic surface cover - tidal sfyamp
EL Mang(SQ:Lc Stratum
A~ 4 B
O attribute Instances
*% «instance» | __| - periodicVariation = tidal
D EL_Mangrove :LC_ WaterBody - position = aboveSurface
?*E L «instance» ) AN
EL_Mangrove :LC_WaterSalinity ~| attribute Instance
- type = brackish

Figure C.10 — Example of a Mangrove Swamp class element composition

C.7 Example 6 — Building with Roof Garden

This example illustrates a more complex “on Top” relationship. It describes a building with a rooftop garden. All

of the vegetation layers

are “onTop” of the building.

The model illustrated in Figure C.11 shows a class EL_BuildingWithRoofGarden:LC_LandCoverClass
composed of elements that correspond to instances of the metalanguage objects from LCML. The class EL

BuildingWithRoofGarden:LC_LandCoverClass has been built up with the first layer representing the abiotic
surface element building. A second layer of herbaceous growth is then defined with the “onTop” relation to the
abiotic surface layer containing the building. This puts the herbaceous growth form on top of the building. The
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third layer and fourth layer are of trees. Each of these are also on top of the building. For simplicity no attributes
have been defined to characterize the elements in this example.

«instance»
EL_BuildingWithRoofGarden :
LC LandCoverClass

t «instance»

EL_BuildingWithRoofGarden :LC_HorizontalPattern

¢ AN

AR attribute instance
EL_BuildingWithRoofGarden :LC_Stratum | | SUETT S EL I BTN S A e
__«instance» attribute instances
EL BulldlngW|t!1R.oofGarden H | - name = garden plants
LC Building I | -onTop = previousE1
I ™S
i
«instance» :
EL BuildingWithRoofGarden :LC _Stratum [ attribute instance
-4 - leafPhenology. S-herbaceousLeafPhenology.
I
i %
«instance» :
EL_BuildingWithRoofGarden : | ______!
LC_HerbaceousGrowthForm attribufetinstances
- name = trees
""| ~enTop = previousE1
«instance» _____: >
EL_BuildingWithRoofGarden :LC_Stratum
attribute instances
cinstance - leafPhenology = woodyGrowthLeafPhenology
EL BuildingWithRoofGarden : " | PRI = TRt Caliae
LC Tree i
inst attribute instances
«instance» a8\ | ] - T S SRS

EL BuildingWithRoofGarden :LC _Stratum

v

-onTop = previousE1

(instance»
EL BuildingWithRoofGarden: [————————- attribute instances
LC_Shrub - leafPhenology = woodyGrowthLeafPhenology

—S 7

- leafType = woodyGrowthLeafType

Figure C.11 <<Example of Building with Roof Garden class element composition

C.8 Example 7 — Boreal and Hemi-boreal Forest

This example describes a boreal and hemi-boreal forest system where the tree layer is in two different heights.
The trees are in two parts, the overstorey trees, the understorey trees, and a separate shrub layer and forbs
layer. The example shows two layers of natural trees. In this example there is intentionally no height, cover or
Leaf type/leaf phenology attribution in order to remain very general. A third layer of shrubs and a fourth layer
of forbs are described. An addition element describing the climatic area could have been added but is not
included in the example for simplicity.

The model illustrated in Figure C.12 shows a class EL_BorealAndHemiborealForest:LC_LandCoverClass
composed of elements that correspond to instances of the metalanguage objects from LCML. The class EL_
BorealAndHemiborealForest:LC_LandCoverClass has been built up with four vegetation layers consisting of
two layers of trees, a layer of shrubs and a layer of forbs. This example has been kept very simple and no
attributes have been used to characterize the trees, shrubs or forbs.
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«instance»
EL_BorealAndHemiborealForest :
LC LandCoverClass

L «instance»

EL_BorealAndHemiborealForest :LC_HorizontalPattern

«instance»
EL_BorealAndHemiborealForest :LC_Stratum

? «instance»

——EL _BorealAndHemiborealForest :
LC Tree

«instance»
EL_BorealAndHemiborealForest :
LC NaturalOrSeminaturalVegetation

LR

«instance»
EL_BorealAndHemiborealForest :LC_Stratum

' «instance» ‘
EL_BorealAndHemiborealForest:

LC Tree

' «instance»
EL\BorealAndHemiborealForest :

LIC) NaturalOrSeminaturalVegetation

o

winstance»
EL_BorealAndHemiborealForest :LC_Stratum

=
' «instance»

EL_BorealAndHemiborealForest :
LC_Shrub

«instance»

EL_BorealAndHemiborealForest :
LC NaturalOrSeminaturalVegetation

«instance»
EL_BorealAndHemiborealForest :LC_Stratum

' «instance»

EL_BorealAndHemiborealForest :
LC Forbs

? «instance»

] EL_BorealAndHemiborealForest :
LC NaturalOrSeminaturalVegetation

Figure C.12 — Example of a Boreal and Hemi-boreal Forest in four strata class element composition

C.9 Example 8 — Vegetation in multiple strata for a Hagemarklandscape

A Hagemarklandscape (“Garden-field-landscape”) is either a forest that is intensively used as a pasture or
a pasture with a large number of scattered trees. The use as pasture has changed the ground vegetation
considerably. Bush and shrub is usually absent and the grasses and herbs now consist of those species
that benefit from grazing and can resist the trampling of the animals. Most branches on the trees have been
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removed (by the grazing animals) from the lower part of the stems of the trees. The vegetation type therefore
has an appearance looking like a kind of park landscape (see Figure C.13).

NOTE

The model jllustrated in Figure C.14 shows a.class EL_Hagemarklandscape:LC_LandCoverClass compd
of elements that correspond to ins&

Hagemarklandscape:LC_LandCove

grazed in the lower branches (|nt @ of grazing 10 to 30 %) and a layer of grass intensely grazed (inter

of grazing 710 to 90 %).

80

T ) 3. 33,“: 5}‘

~
hed

-

5

N

FPhoto: © Yngve Rekdal, Norwegian Forest and Le@géape Institute, used with permission.
O

Figure C.13 — Exa of a Hagemarklandscape

)

s of the metalanguage objects from LCML. The class
s has been built up with a layer of trees with open cover (20 to 4

sed
L
D %)
sity
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«instance»
EL_Hagemarklandscape :
LC_LandCoverClass

L «instance»

EL_Hagemarklandscape :LC HorizontalPattern

’ «instance» attribute instance
EL_Hagremarklandscape :LC_Stratum [~~~ "~ - name = vegetation - trees
? «inStance» attribitg lnctancg B
EC H kland :LC_Ti
agemarklandscape ree ~cover = 10.0 : 50.0%

«instance»

EL_Hagemarklandscape :
LC NaturalOrSeminaturalVegetation

«instance» attribute Instance
EL_Hagemarklandscape :LC_Grazing [~~~ -/ntensity = 1020 ;30.0%
«instance» | attribute instance
EL Hagemarklandscape :LC Stratum - name = pasture

-
! ) N
«instance» B

EL_Hagemarklandscape :LC_HerbaceousGrowthForm [ 7 attribute Instance
’ PR\ - cover = the range 70.0 ; 100.0 %

«instance»
EL_Hagemarklandscape':
LC NaturalOrSeminaturalVegetation

NS

«iggBncen attribute Instance
EL_H k :L i I
agemarklandscape :LC Grazing - intensity = 70.0 : 90.0%

FRre - )

Figure C.14 — Example of a Hagemarklandscape class element composition

C.10 Example 9 — Bare Field planted with Wheat Same Year

Thig example illustrates’a temporal relationship. It describes bare fields that are planted with wheat] That is, for
parf of the year the_fields are bare and for part of the year they are covered by wheat. This is descfibed by the
use|of a sequential temporal relationship between the two elements Bare Soil and Graminae vegefation that is
chafacterized\as Cultivated and Managed Vegetation with a Floristic Aspect Species “Wheat”.

The| model illustrated in Figure C.15 shows a class EL_BareFieldsPlantedWithWheat:LC _Land[CoverClass
conjpased of elements that correspond to instances of the metalanguage objects from LCML| The class
EL_BareFieldsPlantedWithWheat:LC_LandCoverClass has been built up with one Stratum that has two
elements EL_BareSoil and EL_Graminae. The metalanguage instance EL_Graminae is characterized by EL
CultivatedAndManagedVegetation and by EL_FloristicAspect with EL_FloristicAspectSpecis (Wheat).

NOTE The relationship interStrataRelationship (see 8.6.2.6) is navigable in only one direction and is 1 to 0..1 (one to
one optional). This means that the association class may be implemented as an attribute on the instantiated class. This is
what is shown in these examples.
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«instance»
EL_BareFealdsPlantedWithWheat :
LC LandCoverClass

«instance» AN

EL_BareFieldsPlantedWithWheat :LC_HorizontalPattern attribute instance

___ - name = bare soil sequentially with wheat
«instance» B

EL_BareFieldsPlantedWithWheat :LC_Stratum .
attribute Instances

’ - presenceType = TemporalSequence,
«instance» [ ____] - sequentialTemporalRelationshipLength = 3.0 ;
EL BareFieldsPlantedWithWheat :LC_BareSoil 20 (montns)

- sequentialTemporalRelationshipType =
SequentialSameYear

«instance»
EL BareFieldsPlantedWithWheat :LC Gramineae[ ~~_ N B
attribute Instances
- presenceType = TemporalSegquence,
«instance» - leafPhenology =
EL_BareFieldsPlantedWithWheat : HerbaceousGrowthLeafPhenology
LC CultivatedAndManagedVegetation =

«instance»
EL_BareFieldsPlantedWithWheat :
LC_FloristicAspects

Ly 2

| «instance»
EL_BareFieldsPlantedWithWheat :

LC SinglePlantSpecies

W

Figure Cl15 — Example of a Bare Field planted with Wheat Same Year class element compositign

C.11 Example 10 — Greenhouse

This examp|e shows an area which is covered by a greenhouse building. The LCML does not explicitly include
an attribute|for identifying a building as-being of type “greenhouse”. The attribute type and the attribute value
greenhousg are added by the user of the LCML as part of the specific land cover classification system bging
used. This attribute and attribute yalue may be added as a one time instance or recorded in a register so|that
it can be repsed within the land(eVer classification system described using the LCML.

The model fllustrated in Figure C.16 shows that one layer is used; composed by the LCML element Building.
The LCML [element Building has three properties: Construction Material (Light Material), Cover (from 80 to
100 %) and|Height (from 4,0 to 8,0 m).

The metalapguag@e-instance EL_Building is characterized by EL_Use. The LCML metalanguage object |L.C
Use allows the user to establish different ways of describing use and allows attributes to be established thrqugh

reg|strat|0n ln-this nv:\mpln the attribute hj/pn and the attribute value grnonhnnen are established

Note that the extension of the LCML through the addition of attributes and attribute values allows for any land
cover construct to be described; however, if an extension is used in the description the extension may not map to
a different land cover classification system that does not support through registration the same extension. That
is, if a second land cover classification system does not support the concept of “greenhouse” the information
would translate to an undefined building type, which is the best semantic match which could be achieved.
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«instance»
EL_Greenhouse :LC _LandCoverClass

«instance»

EL_Greenhouse :LC_HorizontalPattern

attribute instance
«instance» - constructionMaterial = Light Material
EL Greenhouse :LC Building ~ [~~~ "~ ~~7~ - cover = 80.0 ;100.0 %
- height = 4.0 ; 8.0 meters
«instance» B
EL_Greenhouse :LC_Use | attribute instance
- type = Greenhouse
AN
The LCML does not explicitly include an attribute for identifying a building as being of type "greenhouse". The attributé type and the attrjpute value
greenhouse are added by the user of the LCML as part of a specific land cover classification system. Registration\may be used to recorfl these
eftensions.

Figure C.16 — Example of Greenhouse (with a user defined attribute and value)

C.12 Example 11 — Example CORINE class 311-Broad-leaved Forests

Thig example is a translation of a class from the CORINE land cover classification system. The CORINE

desgription is “vegetation formation composed principally of trees (cover more than 30%), includin
bush under storeys, where broad-leaved species predominate”.

The| model illustrated in Figure C.17 shows thattwo layers are used. The first one composed b
element Tree (with a characteristic Natural or'Seminatural). The LCML element Tree has two prop€
(from 30 to 100 %) and Broad-leaved withcthe percentage of cover from 75 to 100 % to correctly fg
congept of predominant broad-leaved species. The second layer is composed by the LCML ele
(with a characteristic Natural or Seminatural). While the first layer is always present (“Fixed”) the
can|exist or not (“Conditional”).

j shrub and

the LCML
rties: Cover
rmulate the
ment Shrub
second one
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«instance»
EL_Broad-leavedForest :

LC_LandCoverClass

t

«instance»

EL_Broad-leavedForest :LC_HorizontalPattern

EL_Broad-leavedForest :LC_Stratum

«instance»

attribute instance
- name = vegetation - trees

«instance»

attributg Instancg

EL Broad-leavedForest :LC_Tree

- cover = 30.0 ;100.0%

«instance»
EL_Broad-leavedForest :
LC Broadleaved

attribute Instance
- percentage = 75.0;100.0%

«instance»
EL_Broad-leavedForest :
LC NaturalOrSeminaturalVegetation

EL_Broad-leavedForest :LC_Stratum

«instance»

attribute instances
- name = shrup
- presenceType” = Conditional .

i

«instance»
EL_Broad-leavedForest :LC_Shrub

C.13 Example 12 — Example CORINE class 111 Continuous Urban Area (s)

il

Flgure C.17 — Example of CORINE Broad-leaved Forest class element composition

«instance»
EL_Broad-leavedForest :
LC NaturalOrSeminaturalVegetation

™~

R —4

7 S S

This example is a translation of a ¢lass from the CORINE land cover classification system. The CORINE
description Js “most of the land is covered by structures and the transport network. Building, roads and artifidially
surfaced arpas cover more than80% of the total surface”.

The model |llustrated in Eigure C.18 shows that two horizontal patterns have been applied one with the LEML
element Ngn Linear Surface and the other with the LCML element Linear Surface. The use of two Horizqntal
Patterns implies thatthis combination of non linear and linear elements is for a “unicum” that will be expregsed
in the samg way atanhy scale used.
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«instance»
EL_UrbanFabric :
LC_LandCoverClass

¢

«instance»
EL_UrbanFabric :LC_HorizontalPattern

«instance» attribute instance Ij

EL UrbanFabric :LC_Stratum - name = abiotic element - buildings

? «instance»

ELC_UrbanFabric :LC_NonLinearSurface

«instance»
EL_UrbanFabric :LC_HorizontalPattern

«instance» | ]
attribute instance

EL_UrbanFabric :LC_Stratum
- name = abiotic element - transportatioh network

elements
«instance» <7

EL_UrbanFabric :LC_LinearSurface

Figure C.18 — Example of CORINE Continuous Urban Area class element composifiion

C.14 Example 13 — Example CORINE class 244 Agro-Forestry Area (s)

Thig example is a translation of a class from the“CORINE land cover classification system. The CORINE
desgription is “annual crops or grazing land under the wooded cover of forest species”.

The| model illustrated in Figure C.19 shows that two layers are used. The first one composed by either the
LCNIL element Herbaceous Vegetation-'(with an extra characteristic Cultivated which comeq from LC_
GrowthFormCharacteristic) or the LCML element Herbaceous Vegetation (with an extra characteristic Grazing
whi¢h comes from LC_GrowthForm€haracteristic). The second one composed by the LCML element Tree. The
cover of the trees is not indicated.in'the CORINE class description; however it has been interpreted in thg translation
as g rather open layer (cover between 5 to 30 %). In LCML the user can avoid to specify the property|Cover.
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«instance»

EL_Agroforestry :
LC_LandCoverClass

?

«instance»

EL Agroforestry :LC HorizontalPattern

«instance»

EL Agroforestry :LC Stratum

¢

«instance»

EL _Agroforestry :LC HerbaceousGrowthForm

«instance»

EL_Agroforestry :
LC CultivatedAndManagedVegetation

attribute instance

- name = herbaceous vegetation
attribiite Inctancaoc

- presenceType = Exclusive

- leafPhenology =

herbaceousGrowthLeafPhenology

«instance»

EL Agroforestry :LC HerbaceousGrowthForm

«instance»

EL_Agroforestry :
LC CultivatedAndManagedVegetation

attribute Instances
- presenceType =
- leafPhenology =
herbaceousGrowthl-eafPhenology

Exclusive

«instance»
EL_Agroforestry :LC_Grazing

EL_Agroforestry :LC_Stratum

«instance»

[ S N

attribute instance
- name = trees

Y

«instance»
EL_Agroforestry :LC Tree

C.15 Ex

~—y
«instance»

EL¢Agroforestry :
LC NaturalOrSeminaturalVegetation

attribute Instances
- leafPhenology = woodyGrowthLeafPhenology
- leafType = woodyGrowthLeafType

—a -

Higure C.19 — Example’of CORINE Agro-Forestry Area class element composition

mple 14 = Example Evergreen Forest Land (Anderson)

This example is @\translation of a class from the Anderson (USGS) land cover classification system.

Anderson deseription is “evergreen forest land includes all forested areas in which the trees are predoming
remain green throughout the year. Both coniferous and broadleaved evergreens are include

those whic

The
ntly

d in

this category”.

The model illustrated in Figure C.20 shows that one layer is used composed by the LCML element Tree (with
an extra characteristic Natural) is used. The LCML element Tree has two properties: Cover (from 30 to 100 %)

and Evergreen.
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