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Foreword

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 w

ork.

ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
different types of ISO document should be noted. This document was drafted in accordance with

editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws

attention to the possibility that the implementation of this document may~involve the

are
the
the
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of (a) patemt(s). ISO takes no position concerning the evidence, validity or applicability of any claimed

patent righ
notice of (3
cautioned

ts in respect thereof. As of the date of publication of this document, ISO had not rece
) patent(s) which may be required to implement this document. However, implementers
that this may not represent the latest information, which may be obtained from the pa
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such pate
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the World
WWW.iS0.0

o

ailable at www.iso.org/patents. ISO shall not be held responsible for identifying any o
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hame used in this document is information given for the‘convenience of users and does
hn endorsement.

planation of the voluntary nature of standard$,~the meaning of ISO specific terms
s related to conformity assessment, as well as information about ISO's adherenc
Trade Organization (WTO) principles in“the Technical Barriers to Trade (TBT),
g /iso/foreword.html.
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/ienna Agreement), and in ¢olaboration with the Food and Agriculture Organization of
jons (UN FAO).

] edition cancels andtéeplaces the first edition (ISO 19144-2:2012), which has been technid

hanges are as, follows:

bvision of 1SO 19144-2:2012 has divided the original International Standard into additi
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4-1)
)

to the LC_Element level with the addition of the new attribute, density.

Variou

s changes have been made to certain types and classes (see Annex E).

manner and UML and textual errors in the previous model have been corrected.

1) Under preparation. Stage at the time of publication: ISO/PWI 19144-4:2023.
2) Under preparation. Stage at the time of publication: ISO/AWI TS 19144-3:2023.
vi © IS0 2023 - All rights rese
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— A new Annex E has been added describing the changes to ISO 19144-2:2012 in more detail and
addressing backward compatibility.

Alist of all parts in the ISO 19144 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Efficient assessment of Land Cover and the ability to monitor change are fundamental to the
sustainable management of natural resources, environmental protection, food security and successful
humanitarian programmes. Such information is also required to help with raising levels of nutrition,
improving agricultural productivity, enhancing the lives of rural populations and contributing to the
sustainable growth of the world economy. However, in the past, policymakers and planners have not
had access to reliable and comparable Land Cover data, both for lower-income countries and sometimes
also at the regional and global levels.

Access haq been limited by two factors: lack of mapping activities and lack of commonality between
systems. The solution has been to carry out separate regional mapping projects using nationdl or
regional Land Cover classification systems. However, it has been difficult to compare or to)jexchgnge
information between current systems.

The aim of this document is to enable the comparison of information from existing classificafion
systems inl a meaningful way without replacing them. The aim is to complement(the development of
future claspification systems that can offer more reliable collection methods for particular nationdl or
regional pyrposes by allowing them to be described in a consistent manner.

A critical factor in implementing such global activities is the availabilityef an international standard
for the dogumentation of Land Cover classification systems. This then provides a reliable basis| for
interaction] without replacing the increasing number of nationakl,tégional and global Land C¢ver
mapping dnd monitoring activities. This enables comparisons:»of Land Cover classes to be mjade
regardless|of mapping scale, Land Cover type, data collection method or geographic location.

Another crfitical factor is the availability of a common referénce for Land Cover classification systgms.
This documhent provides a metalanguage expressed as a\UML model that allows different Land Cover
classificatipn systems to be described.

This docurpent establishes a metalanguage for axset of objects and rules (language) to describe Liand
Cover features based on physiognomy that can-be part of different Land Cover Legends (nomenclatyre).
ides a framework for comparing different systems and nomenclatures such as COR|NE,
Africover, Anderson (USGS), Global Map and national systems, without replacing them. This is npt a
descriptior of a nomenclature, nor is it.adescription of a specific set of classes.

An additiopal part of the ISO 19144 series (ISO/TS 19144-3)3) addresses Land Use aspects. Land Us¢ by
human actjvity is different from Land Cover. Land Cover is based on the physiognomic aspects of| the
plants and|other elements covering the observed surface of the Earth. Land Use identifies the hugnan
activities, quch as agriculture) mining or other actions taken by humans to modify the Earth cover. jand
use is primarily defined in terms of human economic functions which result in a series of diffefent
human activities. In ‘this context, Land Cover defines biophysical Earth objects on which hujnan
activities tpke place./The two types of classifications are closely related and in some Classificafion
Systems thley are,sometimes mixed. The Land Use Metalanguage described in ISO 19144-3 can be ysed
alone to simply.describe Land Use, or it can be combined with the Land Cover Metalanguage to be gable
to describe ificati ' s

Another part of the ISO 19144 series (ISO 19144-4)% is intended to include a description of the
registration and implementation aspects for Land Cover Land Use Classification. This allows code
lists and other details used in the Land Cover and Land Use systems to be registered. Code lists allow
attribute values and other characteristics to be open-ended and registration allows these elements to
be defined.

EXAMPLE Soil types can make use of the UN FAO soil classification list of soil types,[43] or the more recent
World Reference Base for Soil Resources,[29 or the USDA soil taxonomy[©9] or the European Soils Bureau legend.
[19]

3) Under preparation. Stage at the time of publication: [SO/AWI TS 19144-3:2023.
4) Under preparation. Stage at the time of publication: ISO/PWI 19144-4:2023.
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Appropriate references to externally managed lists or lists established particularly for the

[SO 19144

series can be registered. In addition, whole classification systems described using the Land Cover or
Land Use parts of the ISO 19144 series (i.e. this document and ISO 19144-3) can be registered.

This document is a joint International Standard with the UN Food and Agriculture Organization.
Permission has been granted to ISO by the UN FAO to make a derived work based on any material

developed or copyright UN FAO.

In this document UML attributes names are given in italics.

In accordance with the ISO/IEC Directives, Part 2, 2018, Rules for the structure and drafting of

Intdrmational standards, in International standards the decimal sign 1S a comma on the 1N
the|General Conference on Weights and Measures (Conférence Générale des Poids et Mes
meg¢ting in 2003 passed unanimously the following resolution:

“Thie decimal marker shall be either a point on the line or a comma on the line.”
r

In practice, the choice between these alternatives depends on customary use-in‘the language
In the technical areas of geodesy and geographic information it is customary for the dec
alwpys to be used, for all languages. That practice is used throughout this) document.

. However,
ires) at its

concerned.
imal point

© IS0 2023 - All rights reserved
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Geographic information — Classification systems —

Part 2:

Land Cover Meta Language (LCML)

1

Thi
allo
doc
refe

Sys
2

Thd
con
und

ISO
ISO
ISO
ISO

3

3.1

For

apply.

ISO

Scope

5 document specifies a Land Cover Meta Language (LCML) expressed as a UME,meta
ws different Land Cover classification systems to be described based on physioghomic as
ument recognizes that a number of Land Cover classification systems exist. [lt’provides
rence structure for the comparison and integration of data for any generic).and Cover clg
em, but does not intend to replace those classification systems.

Normative references

following documents are referred to in the text in such _dmway that some or all of th
Stitutes requirements of this document. For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

19109, Geographic information — Rules for application schema
19103, Geographic information — Conceptual schema language
19123-1, Geographic information — Schemafor coverage geometry and functions Part 1: Fu

19144-1, Geographic information — Classification systems — Part 1: Classification system |

Terms, definitions and abbreviated terms

Terms and definitions

the purposes of this;document, the terms and definitions given in ISO 19144-1 and th

and IEC maintain terminology databases for use in standardization at the following addj

[SO Onlihe browsing platform: available at https://www.iso.org/obp

[EC\Electropedia: available at https://www.electropedia.org/

model that
pects. This
a common
issification

Pir content
pplies. For
[s) applies.

hdamentals

tructure

e following

esses:

NOTE 1

The technical terms applying to plant physiognomy, and terms from other disciplines used

the classifiers in the classification system are not defined in this document.

NOTE 2

to establish

The term "class" is used in the ISO 19144 series to represent a construct in a classification system.

However, the term has several meanings in other contexts, including in the UML modelling language. Where
possible, attributes or other identifiers are needed to distinguish between the various use of the term "class".

3.1.

abs

1
tract test suite

ATS
set of conformance classes that define tests for all requirements of a specification

Note 1 to entry: Evidence of conformance to all or part of a standard, awarded for passing one or more of the
conformance test classes specified in that standard.

©IS
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[SOURCE: ISO 19105:2022, 3.3]

3.1.2

area of incidence

substratum area entirely topped by the entire Land Cover Meta Language (LCML) basic element itself
or by its canopy effect

3.1.3
area of pertinence
area where a specific Land Cover Meta Language (LCML) element extends

3.1.4
characterijstic
<classification> distinguishing qualitive attribute of a metalanguage basic element

3.1.5
class
<UML> deqcription of a set of objects that share the same attributes, operations, methods, relationsHips,
and semantics

[SOURCE: ISO 19103:2015, 4.7]

3.1.6
class
<classification> result of a classification process as part of a classification system which subdiv}des
concepts within a given topic area

3.1.7
cover
<classification> area of incidence of a Land Cover Meta Language (LCML) basic element over|the
substratum in the area of pertinence of the basic elemient

3.1.8
element pprtioning
<classification> percent value of the area af pertinence of a single Land Cover Meta Language (LCML)
basic element when two or more LCML basic elements are considered in the same stratum

Note 1 to enfry: The sum of the whole portioning values for all elements considered within a stratum must alWays
be equal to [L0O0 %.

Note 2 to enftry: Element portioning is distinct from strata portioning.
3.19
grid
<coveragey coveriiig of a multi-dimensional region using quadrilateral shapes (in the 2D case) or their
n-dimensignal generation (in the nD case) with no overlaps and gaps

[SOURCE: [[S©19123-1:2023, 3.1.28, modified — Notes 1 and 2 have been removed.]

3.1.10
land cover
observed (bio)physical cover on the Earth’s surface

Note 1 to entry: Land cover is distinct from land use.

[SOURCE: UN FAO, 2005, LCCS — Land Cover Classification System — Classification concepts and user
manual]l44]

2 © IS0 2023 - All rights reserved
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11

land cover metalanguage
LCML
logical general model used to describe the characteristics of land cover features used as classifiers and

the

3.1.

more specific rules that constitute a particular classification system

12

land use
arrangements, activities and inputs people undertake in a certain land cover type to maintain it or
produce change

EXAMPLE “Recreation area” is a land use term that can be applicable to different land cover typ4d
surfaces such as a beach; a built-up area such as a pleasure park; woodlands; etc.

Not¢ 1 to entry: The definition of land use in this way establishes a direct link between land-covér ang
of ppople in their environment. Multiple land uses can coexist at the same location (e.g. forestry and
confrary to land cover classes that are mutually exclusive.

[SOURCE: UN FAO. 2005, LCCS — Land Cover Classification System — Classification concept

ma

3.1
poi
coll

[SO

3.1

phy
<cld
scidg

3.1

property
ssification> distinguishing additional physiognomic attribute of a metalanguage basic element

<cld

31

strqta portioning

<cl4
whd

(pr

Not
can
ima

Not

ual]l#4]

13
ht cloud
pction of data points in 3D space

URCE: ISO/TS 19130-2:2014, 4.51]

14
siognomy

ntific characteristics

15

16

ssification > percent value expressing the portion by which a stratum comprises a part o
re the aggregate of multiple related strata is constrained so that the sum of all of the rel
jected in orthogonal plane) equals 100 %

e 1 to entry: Fhis‘allows the expression of situations where elements that are obscured by oth
ot be seenysfor example, the inability to see beneath the tree canopy in views from some type
bery.

e 2 to entry: Strata portioning is distinct from element portioning.

s, e.g. sandy

the actions
recreation),

s and user

ssification> general appearance of an objectior terrain, without reference to its undlerlying or

the whole,
hted strata

er elements
b of satellite

3.1

17

triangulated irregular network

TIN

tessellation composed of triangles

[SOURCE: ISO 19123-1:2023, 3.1.50]

©IS

02023 - All rights reserved


https://standardsiso.com/api/?name=b385a40c71626cf43ca095d1329ed718

ISO 19144-2:2023(E)

3.2 Abbreviated terms

CEC
CORINE
LCCS
TDS

UML

Commission of the European Communities
Coordination of Information on the Environment (EU)
Land Cover Classification System

total dissolved solids

unified modeling language

UN FAO
UN FAO LC
XML

XSD

4 Confc

4.1 Conf

Conformarj
9.2 and 9.3
conforman

4.2 Conl

Two confo
classificati
systems.

4.3 Conl

Requirem|
shall consi
metalangul

United Nations Food and Agriculture Organization

CS UN FAO Land Cover Classification System
Extensible Markup Language
XML Schema

rmance

'ormance requirements and testing

ce to this document consists of alignment with the requirements established in 4.2, 4.3,

ce to these requirements.

formance classes

Fmance classes are identified in this_ document, one for the description of a Land C¢

'ormance class 1 — DeScription of a Land Cover classification system

5t of a set of UML classes with associated attributes that correspond to instantiations of]

the mechapism described\in Clause 9.

NOTE ]
System and
1SO 19109 is

Application Schema and the relation to the ISO geographic information General Feature Mod
described in Annex B.

. The abstract test suite given in Annex A describes the applicable methodology for test

bn system and the other for the comparison between two or more Land Cover classificat

4.4,
ng

—-

ver
on

—e

ent 1: The description) of Legends or Land Cover Application Schema using this docunpent

the

age classes described in Clause 8 or the extended metalanguage classes described through

'he levels{of instantiation between the Land Cover Meta Language and a Land Cover Classification

bl of

4.4 Conf

‘lormance class 2 — Comparison of Land Cover classification systems

Requirement 2: The process of comparison of two Land Cover classification systems shall be
performed by developing descriptions of the two Land Cover classification systems, each in accordance
with Requirement 1, and then identifying the differences on a class-by-class basis. This can be repeated
for more than two Land Cover classification systems under comparison.

NOTE

The level of detail of the comparison is dependent on the use case.

5 Notation

The conceptual schema specified in this document is described using Unified Modeling Language
(UML), in accordance with ISO 19103.

4

© IS0 2023 - All rights reserved
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Several model elements used in this schema are defined in other ISO geographic information standards,
in particular ISO 19123-1 and ISO 19103. By convention within ISO/TC 211, names of UML classes, with
the exception of basic data type classes, include a three-letter prefix that identifies the International
Standard and the UML package in which the UML class is defined. UML classes defined in this document
have the three-letter prefix of “LC_". Examples in this document have the three-letter prefix “EL_".
The classes in the meta model in Annex B use the prefix “LM_". Table 1 lists the other International
Standards and packages in which UML classes used in this document have been defined.

Table 1 — Sources of externally defined UML classes

Dwefi* IHteFHatieHal S‘taﬂda"" R
T Tt

The
tha
and
Cov
ISO

Thd
des

The
wit
clag
tor
ino
givg
as (
lang
dat
ass
bot
the
isr
thid
clag
tim
bot
dee

The
Adj

ackage

Classification system
structure

CL ISO 19144-1

Ccv ISO 19123-1 Coverage geometry

stereotype <<metalanguage>> is used throughout this document to identify“metalangu
compose the LC_LandCoverClassDescriptor. As illustrated in 8.5.1, LC (landCoverClasy
its components are at a higher level of abstraction than the LC_LandCoverClass that f¢
er Classification System, which are at the Application Schema level. A Legend as d¢
19144-1 is the simplest type of Application Schema.

stereotype <<metalanguage>> applies to a class whoselinstances are other classg
cribed by the metalanguage class.

hge objects
Descriptor
rm a Land
scribed in

s that are

term "class" is an English word with a dictionary definition. However, it also has sever

ML is used to describe a classification’system metalanguage such as the LCML. The UMI
ruage uses the term "class" (<UMLz;23.1.5) as a construct in an object-oriented progr
h modelling paradigm, as the template for an object. That is, a UML class describes the
bciated with the instances of the class called objects. The term "class" is used in normal
n modelling and classification, and it is unreasonable for either modelling or classificati
term. The term “Item Class” is also used in the process of registration, identifying th
boistered. This term oceurs in other parts of the ISO 19144 series. Adjectives have be
document where possible to reduce this confusion. For example, UML classes can be ¢
ses” and classification system classes can be called “classification classes” or “legend
bs, a UML class deScribes a classification class and it is possible to dispense with the adjg
h meanings 6f “class" are equivalent in the context. The conflict results from the fact tha
p relationship between data modelling and classification as used in other domains.

re is\a-similar related potential conflict with the associated terms of "attribute" ar
botives have been used where possible, but at times it is necessary to derive the meanir

con

meanings

hin the ISO 19144 series, dependent upon context, Classification is a process and the fesults of a
sification processis a “class”. The term "class" (sclassification>; 3.1.6) is used in the ISO 19144 series
bpresent a construct in a classification systemsHowever, the term "class" has several othef meanings
ther contexts. A classification system consi§ts of a set of classes subdividing the concepjts within a
n topic area. There is an unavoidable conflict with the terminology when a modelling language such

modelling
hmming or
properties
practice in
bn to avoid
b item that
en used in
hlled “UML
Classes”. At
ctive since
t there is a

d "object".
g from the

et Other terms where theore is 9 natential for confusion are the terms “clement” “c
VY PO+ = o t )

bmponent”,

“characteristic” and especially “attribute”. The use of these terms is potentially confusing as they have
different meanings in different contexts. These terms come from different places and all that can be
controlled is their usage in the ISO 19144 series. Care is taken to use adjectives with these terms to help
to clarify their meaning.

6 Context

The purpose of this document is to define a common reference structure for the description and
comparison of Legends or Application Schema for any generic Land Cover classification system. The
approach has been to define an 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
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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 document defines an LCML for a Land Cover classification system. It recognizes that a number of
Land Cover classification systems and nomenclatures exist 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 set in law in some nations with respect to Land Use legislation. 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
descriptio i ibili i
different systems.

the
FAO
and
ach

NOTE he LCML is derived from the concepts in the Land Cover Classification System establiShed by
Food and Agricultural Organization (FAQO) of the United Nations (UN FAO LCCS version 3).[431[44hTHe UN
LCCS classiffication system is one particular classification system for land cover based on plant physiognomy
does not ex¢lude other classification systems being established for land cover for other purposés. The appr

taken in thi

specific de{lr;itions for classifiers to increase the acceptability to the international community. The LCML def

in this doc

It acts as a
Cover noms¢
different sc

EXAMPLE

System.[43]

community
the metamd
regional or
terms of thg
in terms of {

The LCML
that a Lan
ISO 19144-
described

in a regist
in this doa
ISO 19144+
extension

There are :
by the use
then the rg
can be incl

e of
ned

ent avoids complex definitions, prefixed ranges of values and specific detailed classification riiles.
method to bring the Land Cover community together to create a commen understanding of JJand
nclatures with the aim of producing global, regional and national data sets able to be reconcildd at
les, levels of detail and geographic locations.

s document is to avoid specific limitations such as fixed value ranges for attributes and the us

conforms to the general structure fer’classification systems defined in ISO 19144-
l Cover classification system described in the LCML can be created so as to conform
1. The structure used to represent-the classified data can be that of a discrete coveragp as
n ISO 19123-1. The classifiers described in accordance with the LCML can be maintained
br, compliant with ISO 19144+4, i.e. the classes described using the metalanguage defined
ument can populate a register of classification systems. The register structure definefl in
4 can also be used to_define code lists and additional metalanguage elements that allow for
fthe LCML.

n number of codeTists defined in this document that have been left empty. They can be filled
pof registratign‘as defined in ISO 19144-4. However, if they are not populated by registration
ference to the code list can be considered as a character string attribute where a text string
1ded.

The LCML

provides a general framework of rules from which more exclusive conditions can be derjved

to create specific classification systems. It is a language based on physiognomy and stratification of joth
biotic and abiotic materials. The system can be used to specify any Land Cover feature anywhere in the
world, using a set of independent diagnostic criteria that allow correlation with existing classifications
and Legends.

Land Cover metalanguage descriptor objects are defined by a combination of a set of Land Cover
metalanguage-elements. These Land Cover metalanguage-elements are divided into two categories:

a)

basic metalanguage-elements, the elements that constitute the main physiognomic aspects of biotic
and abiotic cover features, for example, for biotic features trees, shrubs, herbaceous vegetation;

b) metalanguage-element properties, that further define the physiognomic/structural aspect of the

basic metalanguage-elements.
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Further definition of the Land Cover classes can be achieved by adding the metalanguage-element
characteristics. The characteristics are of two types: Land Cover element characteristics and Land
Cover class characteristics. “LC_ClassCharacteristics” and “LC_ElementCharacteristics” are defined
as optional descriptive elements not directly related to the physiognomic/structural characterization
of the Land Cover metalanguage-element. “LC_ElementCharacteristics” can be applied to a single
basic metalanguage-element. “LC_ClassCharacteristics” relate to a whole Land Cover class, defined
as the combination of single or multiple strata of single or multiple basic metalanguage-elements.
The definition of these characteristics in this document is informative, not normative, i.e. other sets
of characteristics can be established and used with the LCML basic metalanguage-elements. These
characteristics do not in any way prescribe how a Land Cover classification system is to be established.
Wh Fo compare
clag

an-cad thaovucan accict i bttt dafinin g T S d Coavunwoalace andtbharaforn s o 3 Ao cing
CH S ea ey Caa sSSP e e e S amahtrcover trasSanttnetrerorenareTeeaster

ses between Land Cover classification systems.

Thd
wit
diff]

metalanguage generates mutually exclusive Land Cover classes, with specific' rules
h the functional elements of the language (basic metalanguage-elements and properti
erent strata.

for dealing
s) and the

NO'
flor
can

1b with two
asurements

E It is valid to apply the same characteristic to an element several timesFor example, a shr
stic aspects characteristics (each one with a single species name) and two-sets of allometric me
be applied as two characteristics of a single element. This is allowed in the.UML model.

All be used to
b-elements,

b different

and covers can be accommodated in this highly flexible approach: The metalanguage carn
desftribe different Land Cover classification systems in terms of the same basic metalanguage
thuf contributing towards data harmonization and standardization. Data defined usin
nomenclatures can be used together with or fused with other data described according to a clgssification
system which is also expressed in the metalanguage. Birstandardizing the principles and sfructure of
a metalanguage, it is possible to interwork with other@pplication areas or other nomenclatyres within
an gpplication area. This is similar to interworking between other geographic information systems that
conform to the same feature cataloguing methodology but use different feature cataloguep, although
in this case the concept of features are constraifned to that of a classification system that paftitions the
attijibute 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.
Norphenclatures defined in accordance-with the LCML conform to the general feature mode] defined in
1S0|19109. This point is covered in more detail in Annex B.

»]

7 |[Conceptual basis

7.1 Definition adgpted for Land Cover

The

phy
tha

common integrated approach adopted in this document defines Land Cover as the obs
sical coveryon the Earth’s surface. Land cover is considered to be a geographically expl
other disciplines can use as a geographical reference (e.g. for Land Use, climatic o

brved (bio)
cit feature
ecological

studlies).

7.2

Geometric aspects of classification

A classification system subdivides any geographic area into smaller units that have a unique type. As
identified in ISO 19144-1, the result is represented as a “discrete coverage”. Coverages are defined in
accordance with ISO 19123-1. One type of geometry used to represent a classification system is as a
discrete coverage composed of a set of polygons. Each polygon would correspond to a coverage function
element, discrete in its range and each such element would carry an attribute of type corresponding
to a classification system class. When polygon geometry is used, each polygon geometry element
would correspond to a single classification class type. This is by far the simplest and most common
approach since each geometry element represents a pure (single concept) classification system
element. However, there are other possible coverage geometries including point clouds, curves, grids
and Triangular Irregular Networks (TINs). A grid or other tessellation of space can be used to define
the coverage geometry elements. A discrete coverage element can contain a mixture of one or more
classification system elements which need to be identified and distinguished. This approach is useful for
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geostatistics, but it makes the data difficult to use in other ways. It also has an advantage in describing
change between one classified data set and another. Structures such as a “data-cube” can be used. In
addition, continuous coverages can be used together with discrete coverages so that some continuously
varying attributes can be carried in a data set in parallel with classified data. The use of alternate
geometries including grids and continuous coverages can be used when comparing, integrating and
fusing classified data from multiple sources. The metalanguage defined in this document addresses the
meaning of independent Land Cover metalanguage-elements and not the geometry used to represent

instances.

7.3 Relationship to Land Use

Land Use a
Use is defir
land. Ther¢
Use classif
Land Use

determine
of Land Us

7.4 LCML approach to class definition

74.1 LC

Agiven Lay
object that
Cover met
Land Cove
compared

Land cover

objects cam contain attributes, but these attributes are at the metalanguage level and are there

templates

of instanti
types, such
the descrip

7.4.2 La

Land cove
the UML d
achieved 1
ElementCh
structural

Due to the

lidresses the “arrangements and activities that people undertake with respect to land;. I
ed with respect to different types of human activities that maintain or produce chafge'to
b is a clear relationship between Land Cover and Land Use, in fact many existing older L
cations are based on Land Cover information. However, the two are well separated conce
s determined by the human activities over certain periods of time, while<Land Covg
l at one moment, including temporal aspects. This document addresses Land Cover. Asp
e and the relationship between Land Cover and Land Use are addressed in ISO/TS 19144

ML basic principle

d Cover classin a Land Cover classification system is described by a Land Cover metalangy
has been formed by the combination of a set of pure (single concept) independent L
hlanguage-elements. The unique combination of(the metalanguage-elements describes
' class. Two Land Cover classes (from different Land Cover classification systems) caf
by looking at the list of metalanguage-elements that are combined to describe each class

metalanguage objects are pure in that they represent single concepts. These metalangy

for the description of attributes atthe Legend or Application Schema level one or two le
htion below the metalanguage. ‘The metalanguage object attributes can also include ¢

as a Percentage Value type.‘These attributes are not a value itself, but rather a template
tion of an attribute at a lawegr level of instantiation.

hd cover classification system design criteria

- classes are defined by a set of Land Cover metalanguage-elements as represented
lass LC_Element and its subtypes. Further definition of the Land Cover classes can
y adding Trand Cover metalanguage characteristics. “LC_ClassCharacteristic” and °
aracteristic” are defined as descriptive elements not directly related to the physiognorn
characterization of the Land Cover object.

and
the
and
pts.
ris
bcts
3.

age
and
the
1 be

age
fore
vels
lata

for

heterogeneity of Land Cover metalanguage objects, certain design criteria have been appl

ied.

All vegetated classes are derived from a consistent physiognomic structural conceptual approach that
combines the basic metalanguage-elements for growth form with their physiognomic properties and
arranges them in strata. At any level, specific characteristics can be added.

The non-vegetated metaclasses also use the same physiognomic approach related to the specular
properties of the surface material.

The basic elements of each of the two Land Cover class groups constitute the main physiognomic
aspects of biotic and abiotic cover features. For instance, for biotic classes (trees, shrubs, herbaceous
vegetation etc.), the “properties” that further define the physiognomic/structural aspect of the basic
objects are mainly the horizontal and vertical arrangement of the basic metalanguage-element cover
and height. All of these elements (or part of them) can be arranged in one or more layers or strata.
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Further definition of the Land Cover classes can 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-element itself. 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.

7.4]3 General rules for classification
The factors governing the concepts of classification of Vegetated and Non-Vegetated' metaclass groups
are

the definition of appearance or physiognomic aspect of the basic meta-elements LC_Vegg¢tation and

LC_AbioticSurface;

the definition of the layering or strata of vegetated and/or abioticanetaelements.

The two main aspects are described in 7.4.4 to 7.4.5.

7.4/4 Land cover metalanguage-elements

and Cover.
b list of the

The
Phy

fundamental structure of LCML addresses the physiognomic/structural aspects of L
siognomy relates to the physical appearance of thé elements. This is exemplified by th¢

bas
str
hor
pro
(LC
of t

The
int
med
ap
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the

7.4

Sev

c elements (LC_Element) that are further characterized by specific attributes called prop
Ictural aspect includes both the horizontal and the vertical disposition of the basic ele
zontal disposition of any basic elements (LC-Element) is described by the attribute covel
perty of the LC_Element. The vertical aspect is described by the use of the structural obj
| Stratum). A horizontal pattern is amechanism to describe a complex Land Cover object
vo or more distinct Land Cover features together.

description of each of the Land Cover metalanguage-elements, the subtypes of LC_Elemg

he glossary of Land Cover-&lements in Annex D. This description is informative in that
ining to the subtypes of L€_Element, but it does not in any way provide definitions fol
brticular Land Coversclassification system. The relationship between each of the L
alanguage-elements.is given in the UML model in Clause 8. These are arranged by phj
bct. The model alsp shows how the Land Cover elements can be combined to form stra
be can be combined to form Land Cover metaclasses.

5 Layering

bral vegetated or abiotic (non-vegetated) basic metalanguage-elements can be combin|

ala

is no Timit to the number of strata and to the number of metalanguage-elements (vege

erties. The
ments. The
' which is a
bct “strata”
composed

nt, is given
it provides

classes in
and Cover
Fsiognomic
a and how

ed to form
ject. There

jeéror stratum and these strata can be combined to form a metalanguage descriptor ob

tated and/

or abiotic) forming the strata. One or more layers can be further characterized by their temporal or
vertical relationship.

7.4.

6 Packages

The UML model of each of the Land Cover metalanguage-elements is given in Clause 8. The metalanguage
objects are organized into several packages. The package LC_LandCoverClassStructure describes
the high-level structure of the model. The packages LC_Vegetation and LC_Abiotic define the basic
LC_Element metalanguage objects for vegetation and non-vegetation (abiotic) surfaces. The optional
characteristics at the UML class level and at the element level given in LC_ClassCharacteristics and
LC_ElementCharacteristics further refine the metalanguage objects. The metalanguage value types
given in LC_ValueObjectTypes define the allowable basic numerical types with constraints. These value
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objects represent templates for the description of attributes with specific data types at lower levels of
instantiation and do not take on values at the metalanguage level. This is represented in Figure 1.

LC_LandCoverClassStructure|

- N ~~ o —
_ ' N N T——_
-7 N T
- N -4
L~ N\ !
LC_Vegetation | LC_Abiotic | ;
|
|
(
} |
¥ = _- - |
\ = ~ ~ _ -~ - |
\ ><” J'
\ _ - = ~ ~ -
\\J _ - ~ - - —~
Z= =S Z=
LC_Elemen tCharacteristics| : LC_ClassCharacteristics l'
|
|
|
| N7
N | 7/
N N | /
NN | > 7
N ' 4

N AR

LC_ValueObjectTypes |

Figure’l — LCML packages

8 LCMILobjects

8.1 Overview of LCML.0bjects

The LCML |s a metalanguage which can be used to describe a wide variety of Land Cover classificafion
systems. The LCML\operates by describing each Land Cover class in a Land Cover classification system
in terms df a sef\of basic elements that, when combined, describe each aspect of the Land Cgver
classificatipn’/system class. That is, each Land Cover class in a Land Cover classification system [can
be modelldd using the basic element objects defined in the LCML. These elements are all subtypéds of
the object LC_Element, so any particular Land Cover classification system class can be described as a
combination of a set of LC_Element subtype A + B + Q + Y, etc. Two different Land Cover classification
system classes (from different Land Cover classification systems) can be compared by examining the
LC_Element subtypes of which it is composed. If one classification class from one system is composed of
LC_Element subtype A + B + Q and another of LC_Element subtype A + B + Y then it can be determined
that the difference is the “Q” element. Being able to compare Land Cover classification systems in this
detailed 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 document 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. It
is possible to establish other metalanguages based on different criteria. However, in order to perform a
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comparison 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

The LCML metalanguage is used to describe a Land Cover classification system which is itself a UML
model of classes that is then used to generate a Legend (or nomenclature).

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 can be selected to

des

cribe anarticulargegoranhicareaestahlishingal ecendaornomenclature Aland Covercl
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em is general in that its classes do not address a specific geographic area or collection sca
gend or nomenclature is established specifically for a geographic area. The relationship,
sification system and Legend is described in ISO 19144-1. There are two separate seman
fraction involved. A Legend (or nomenclature) is concrete in that it defines Legend classes
Vhich can exist within a particular geographic area. A classification system'is a semar]
fraction above a Legend that characterizes the functional relationshipcefta set (finite
ossible classes and defines their descriptive criteria. The LCML metalanguage is anothg
1 of abstraction higher with respect to a classification system. The metalanguage pr
lcture so that a classification system can be described.

initial (root) UML class of the LCML model is the LC_LandCoverClassificationSystemMet]

make up a classification system as given by“{LC_LandCoverClassificationSy]
dCoverClassificationSystemMetaLanguage object is ahaggregation of the Land Cover
cts, LC_LandCoverClassDescriptor. The LC_LandCoverClassDescriptor object des
[LandCoverClass, which is a subtype of CL_LegendClass as defined in ISO 19144-]
dCoverClassDescriptor object is the link to the more general classification system st

h this document and established in conformance with ISO 19109 includes the classificat
Ictures defined in ISO 19144-1.

Composition of a LC_LandCover object

LC_LandCover objects are:‘composed of classification system elements, LC_Elem
hents can be organized into strata (or layers) through the LC_Stratum object. Specific
he composition of a stratum and the relationship of elements in different stratum. The L
stratum can also be-erganized so as to describe a horizontal pattern through the UM
izontalPattern.

LC_Elementmeétalanguage object is an abstract UML class that is a generalization of a laj
ibtypes. These subtypes form the basic elements of the LCML metalanguage model. A clg
em, deseribed in terms of the metalanguage, consists of Land Cover classes formed as ins
he LCMHE metalanguage model sub-elements in various combinations.

Th

e, whereas
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ct. This object is composed of all the Land Cover_ é€lements used to describe the classes

stem. LC_
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19144-1. An Application Schema for a LandZCover classification system described in conformance

ion system

ent. These
Fules apply
[_Elements
. class LC_

ge number
issification
tantiations

structure of the I.CMIL is represented in UMI. The definitions of each of the l.and

over basic

element classes, the subtypes of LC_Element, are contained in an associated glossary. The glossary is
informative in that it is used as a guide for matching classes in a Land Cover classification system with a
set of descriptive elements from the metalanguage, but it does not dictate the definitions of the classes
in any Land Cover classification system. The definitions and their inheritance and other relationships
are also contained in a register. This makes the LCML extensible since additional basic elements can be
defined as required. Registration is described in ISO 19144-4.
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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 2.0 in accordance with ISO 19103.

NOTE

The UML model makes use of constructs available in UML 2.0. In particular, the elements of the

metalanguage are described using the <<metalanguage>> stereotype which is a particular type of interface
at a higher level of instantiation. The Land Cover Classification System elements conform to the metalanguage
interface that the Land Cover Meta Language model element establishes.

8.5 High level structure
8.5.1 High level structure subtypes
The hightlevel structure of the LCML consists of the relationships betweens the [LC_
LandCover(ClassificationSystemMetaLanguage object and the aggregation of @@“*set of [LC_
LandCover(ClassDescriptor objects. The LC_LandCoverClassificationSystemMetaLangyage
object is al description of a Land Cover classification system as represented b¥xthe UML class [LC_
LandCover(ClassificationSystem. The individual LC_LandCoverClassDescriptor 6bjects can be serialjzed
to produce|LC_LandCoverClass(s) which correspond to individual classes in-aLand Cover classificafion
system. L(¢_LandCoverClass is a subtype of CL_LegendClass as defined in ISO 19144-1. Thif is
represented in Figure 2.

«metalanguage» +descriptor +describedBy

LC_LandC¢verClassificationSystemMetaLanguage |« — — — — — ——————— LC_LandCoverClassificationSystem
{rOOt} syst;flfle)réaslcl:i(:;ion
+landCoverNletaLanguage >
+classificationSystem!
AttributeType
metaLanguaggSystemCollection systemCollection ISO 19144-1 Edition 1::CL_LegendClas
+landCover(lassDescription 1.% +classificationSystemClass | 1 _* Z(
«metalanguage» +descriptor +describedBy LC_LandCoverClass
LC_LandCoverClassDescriptor =T A NNl -
elassDescription

Figure 2 — High level structure of the Land Cover Classification model
8.5.2 High level structure classes
8.5.2.1 IC_LandCovercClassificationSystemMetaLanguage
The LC_L3ndCoverClassificationSystemMetalLanguage object is composed of all the Land Cgver
elements thateywhen serialized, describe the classes that make up a classification system as given by
LC_LandCdvérClassificationSystem.
The LC_LandCoverClassificationSystemMetaLanguage object has one relationship,

MetaLanguageSystemCollection. LC_LandCoverClassificationSystemMetaLanguage is an aggregation of
the Land Cover objects, LC_LandCoverClassDescriptor.

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 classification 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.
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8.5.2.2 LC_LandCoverClassificationSystem

The LC_LandCoverClassificationSystem object is described by the components of the LC_
LandCoverClassificationSystemMetalLanguage object. It corresponds to a Land Cover classification
system. It consists of all the Land Cover classes in a Land Cover classification system.

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

objects that compose the LC_LandCoverClassificationSystemMetaLanguage.

8.5
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2.3 LC_LandCoverClassDescriptor

LC_LandCoverClassDescriptor object is the metalanguage level abstraction for & Land
Land Cover classification system. The LC_LandCoverClassDescriptor object is used to d
[LandCoverClass.

5 UML class is an element in the aggregation in the metaLanguageSystemEollection relatid
LC_LandCoverClassificationSystemMetaLanguage object. It is also related to LC_LandC
endency relation which indicates that the LC_LandCoverClass is described by the seri
metalanguage objects that compose the LC_LandClassCoverDesg¢riptor.

2.4 LC_LandCoverClass

LC_LandCoverClass metalanguage object is the result of the serialization of the LC|
ct,i.e.itis related to LC_LandCoverClassDescriptor by-a dependency relationship that ing
LC_LandCoverClass is described by the serialization of the metalanguage objects that cq
[LandCoverClassDescriptor. It corresponds to assingle Land Cover class in a Land Cover cl{
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Thip object has a relationship systemCollection with the object LC_LandCoverClassificationSystem.

Thi
spe

5 object is a subtype of the UML:dlass CL_LegendClass as defined in ISO 19144-1; thd
rialization of a general classification system CL_LegendClass for the use of Land Cover.

tis, itis a

8.6 Land Cover Meta Language object structure

8.6]1 Land Cover Meta Language object structure subtypes

Theg meta language 0bject structure establishes the rules for the aggregation of occurremces of LC_
Elefnent, into the ebject LC_LandCoverClassDescriptor, that when realized produces a clgssification
clagsina Land Cover classification system or Application Schema at alower level of instantiatipn than the
metalanguage! Occurrences of LC_Element can be combined in layers using the multiStrataQomposition
reldtionship between LC_Element and LC_Stratum. The relationship of the LC_Elements within a
laygr s glven by the sequentIaITemporalRelatlonshlp Several types of relatlonshlps can bg described

relatlonshlp between the strata is given by the mterStrataRelatlonshlp Several types of relatlonshlps
including a conditional relationship and an onTop relationship can be described. Elements in a stratum
can be built upon the same baseline or they can be indicated to be on top of another stratum. This
allows the description of the vertical relation between strata. The default value for the LC_OnTopType
is baseline. The multiStrataComposition relationship allows for the construction of horizontal patterns.
The relation class LC_PlanarStrataComposition provides the attribute strataPortioning which expresses
the portion by which the stratum comprises a part of the whole. This is represented in Figure 3.

The code lists that support the following Land Cover Meta Language object structures are described in
Figure 4:

LC_ElementHorizontalSpreadingType,
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LC_ElementPresenceType,
LC_StratumPresenceType,
LC_SequentialTemporalRelationshipType, and
LC_OnTopType.

These code lists may be extended through registration. For the LC_OnTopType code list, other relations
(e.g. previousE4, previousE2-5, stratum3E4, etc.) which are logical extensions of the predefined
relations in the enumerated value list in LC_OnTopType can be defined through registration. However,

th 'S dafs Ao oo £ £ £ o3 1: o3t d 1 L 1 1o
ese are 1yet PTreatTIICt T S O CTUIIICTIC TOT T CAaSUTTS UT STITPTICTC Y alta ot Cau St SuCiTr COTHPTCAT CTAT ons

would be used infrequently.
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«metalanguage» «invariant» AN
LC_LandCoverClassDescriptor {aggregateSum <= 100% : aggregateSum <= 100% - The aggregate of|
multiple related strata
+composedOf 0 may be constrained so that the sum of all of the elements
metalanguageElerhentComposition composing the related strata (projected in orthogonal plane) equals
* 100%.}
+composedBy 1.
«metalanguage»
LC_HorizontalPattern !
+ patternType: CharacterString [0..1] LC_PlanarStrataComposition
+ patternCoverPercentage: LC_PermittedPercentageRange [0..1] o )
+ patternOccurrence: LC_PermittedPercentageRange [0..1] + strataPortioning: LC_PermittedPercentageRange [0..1]
0 _______ — constraints
+ecomposedOf === -~ {aggregateSum <= 100%}
multiStrat; _Co_m;osition
1.
+composedBy {ordered}
«metalanguage» *stratumOver LC_InterStrataRelationshfp

LC_Stratum

+ onTop: LC_OnTopType [0..1] = bpseline

+ |name: CharacterString [0..1]

+ |presenceType: LC_StratumPresenceType [0.1] =fixed | [ =777 pRlistraints
{nonRecursive}
+composedOf +stratumUnder 0..1 {Ol’lTOp}
{sequence} interStrataRelationship {conditionalRelation}

«invariant» AN
{non-recursive : nonRecursive - An instance of LC_Stratum metalanguage object many not have'an ~ |----- 4
interStrataRelationship with itself directly or indirectly through a circular reference.}

«invariant» AN
{on top exclusive or temporal : onTop - If two or more LC_Elements in the stratwmn are regulated by a exclusive or
temporal relationship the element of the stratum with an onTop relationship'goes "on top" of all of the elements
regulated by the exclusive or temporal relationship.}

«invariant» AN
{on top or fixed element : conditionalRelation - If two or more LC_Eléments are regulated by a "conditional”
relationship the LC_Element from the on top stratum goes "on top" of the "fixed" element in the conditional
relationship.}

stratumComposition {sum <= 100%} «invariant» o
"""""""""""" {Sum <= 100% : sum <= 100% - The sum of the cover of all the LC_Elements Within on

Stratum can not be more than 100%}

+composedBy | 1.*

«metalanguage» LC_ElementRelationInSameStratump
LC_Element
. +before + temporalType: LC_SequentialTemporalRelationshigType [0..1]
1 presenceType: LC_ElementPresenceType/[0..1] = fixed + lengthOfTemporalRelationship: LC_PermittedPosR¢alRange [0..1]
+ elementPortioning: LC_PermittedPercéntageRange [0..1] = -
'7]\ constraints
+element +aftelI\, sequential TemporalRelationship {aggr‘_&gatesum <=100%}
horizonta|Arrangement {ordered} {relationOnlyToNextOrderedElement}
+afrangement

«metalanguage» \
LC_ElementHorizontalArrangement «invariant»
{aggregateSum <= 100% : aggregateSum <= 100% - The
sum of all the LC_Elements within one strata can not lje
more than 100%.}

cover: LC_PermittédPercentageRange [0..1]

density: LE_RermittedPosRealValue [0..1]

densityUtiitOfMeasure: UomArea [0..1]

elementHorizontalSpreading: LC_ElementHorizontalSpreadingType [0..1]

T

qinvariant»
{relationOnlyToNextOrderedElement : relationOnlyToNextOrderedElement - An LC_Element may have a sequentialTemporalRelationship only wit
the next one in the ordered list of LC_LandCoverElements which belong to the same LC_Stratum.}

Figure 3 — Land Cover Meta Language object structure
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«codelist» «codelist» «codelist» «codelist»
LC_ElementHorizontalSpreadingType LC_ElementPresenceType LC_StratumPresenceType LC_OnTopType
+ unevenlySpread + fixed + fixed + baseline
+ regularRowsGeneral + exclusive + optional + previousE1l
+ regularRowsSingleElement + conditionalTemporal + conditional + previousE2
+ regularRowMultipleElement + precluded ; + previousE3
+ clusters " e _.--"1+ previousAll
+ other \ ! e + stratum1E1l

: | ! T + stratum1All
' + stratum2E1
PTTmmmmTmmmmommmmmmmmmmmmm o Note: These code lists maybe extended through registratior\%I +  stratum2All

«codelist».

LC_Sequentia

TemporalRelationshipType

N sequenqal pameYear Note: Other relations such as previousE4 previous E2-5, stratum3E4etc. which are logical
+ sequentialDtherYear . ) : . o !
extensions of the predefined relations in the enumerated value list in LC_OnTopType'cdn be defihed
through registration by the user, but are not predefined in the standard for simpli€ity and becaupe
such complex relations would be used infrequently.
Figure 4 — Code lists that support the Land Cover Meta Language object'structure
8.6.2 Lapd Cover Meta Language object structure classes
8.6.2.1 IiC_LandCoverClassDescriptor
The Land (Jover Meta Language object structure establishes the rules for the aggregation of occurrences

of LC_Element, into the object LC_LandCoverClassDescriptor. An LC_LandCoverClassDescrij

object is ¢
into stratu
stratum arj
be organiz
additional

This object
metaLangy

NOTE '

combinatiof of the occurrences of the'censtituent elements.

8.6.2.2 1

The LC_Hdg
groupings
when a cor

For instan

bmposed of classification system elements LC.Element. These elements can be organi
m (or layers) through the LC_Stratum object\Specific rules apply to the composition
d the relationship of elements in different.§tratum. The LC_Elements in a stratum can
ed so as to describe a horizontal pattern through LC_HorizontalPattern. Annex F prov
pxplanation of the vertical and horizontal characterization of Land Cover features.

has a composition relationship-with the object LC_HorizontalPattern through the rela
lageElementComposition.

'he "aggregation" referred totin this subclause is a UML strong aggregation (composition) which

C_HorizontalPattern

rizontalPattern/object allows the ordering of LC_Stratum objects, consisting of singl
pf LC_Elements, into one or more horizontal pattern(s). The horizontal pattern can be y
hplex deScpiption of particular Land Cover features is needed.

Ce, this is the case when a land feature is composed by two or more distinct Land Cqg

htor
zed
pf a
hlso
des

fion

isa

e Or

sed

ver

aspects th:

itlishandled or percived as a “unicum” independently from scale constraints.

NOTE 1

The term “unicum” in this context designates a heterogeneous set of Land Cover elements represented

as a single unit. This is used where the given Land Cover type makes sense only if the distinct Land Cover features
are treated together. For example, "polders” in the Netherlands or "dehesas" in Spain and "montado"” in Portugal.
The main component in both cases, is the grass, but this grass will not exist if the dykes on the former or the trees
in the later case are not present/accounted for.

An additional use is the detailed descripation of the vertical/horizontal relationship of the basic
elements constituting a specific Land Cover feature.
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The LC_HorizontalPattern object permits the expression of relationships such as “grass under trees” by
developing horizontal patterns that include the composition of two or more strata that have a vertical
relationship.[131(35] This vertical relationship can be described by the relation interStrataRelationship.

NOTE 2  This structure is based on the tegon concept developed by the Joint Research Centre of the European
Commission and used in applications, such as the European Union Common Agricultural Policy.

An example is shown in Figure 5 and Figure 6 where there are two strata, one containing trees and one
containing grass. The strata representing grass can be organized into two portions, one representing
grass under trees and the other grass that is not under the trees. The description of vertical relationship
is important for applications such as agricultural crop monitoring.

In Higure 5 each stratum is independent from each other, therefore the cover percentage

fromn the other strata. The tree cover is 20 % in one stratum and the grass is 100 % in her stratum.

-

Wi

N\
Figure 5 — Example of '&%&pendent strata
o)
In Higure 6 a vertical relationship can be expr;g&between elements in different strata. The tree cover

is 2P % in one stratum and the grass under try
under trees 80 %. \O

oF
C)\\C)

OQQ

is also 20 % in the other stratum, with the grass not

O

V

?ﬁ Figure 6 — Example of a vertical relationship between strata
EXAMP] An example of the fi ase i he representation of the ‘:‘_Il ormation ca 'tigerbush"
which consists of a combination of patches of open shrubs and patches of open grassland in a specific horizontal
pattern. These two LC_Element objects are treated together as one Land Cover object, independent of scale. An

example of tiger bush is given in C.2. Using the horizontal pattern construct, a user can indicate that at any scale
this object will be always a combination of these two LC_Element objects.
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EXAMPLE 2  An example of the second case occurs when it is necessary to detail the vertical relationship of
different elements. In the European Union Common Agricultural Policy there is a need to describe permanent
grassland with scattered shrubs and trees which are subject to local agronomic practices (grazing, collection
of vegetation usable for forage, reduce tillage, mulching, cleaning up of scrub encroachment). These “mixed”
grasslands are called “pro-rata grasslands” and are integral to the “green dimension” of the European Union
Common Agricultural Policy. Many European countries, especially in the Mediterranean region, declare presence
of such grasslands on their territory and record them spatially and define their typologies in local Land Cover
nomenclatures. In certain pro-rata grassland types with denser tree coverage, the vegetation present beneath
the woody plants plays an important role in the quantification of the eligible area available, as well as in the
evaluation of the contribution of the grassland with respect to environment and climate. An example is given in

C.17.

NOTE 3

objects thatfwould otherwise be distinct but are combined because they cannot be distinguished at a given's

EXAMPLE

scale of repfesentation of the data, cannot be mapped separately and are therefore combined into a comb

class A/B.

The object
and patter
a characte
value obje

are describped by the LC_PermittedPercentageRange. The attribute pdtternCoverPercentage descr

the percen
range of pr

In order td
areas, the §
part of the
which is a{

EXAMPLE 4
vineyard fid
The attribu

The LC_H

r
the relatio(l

Stratum el
LC_Planar§

All attribu
class descr
none of thq

8.6.2.3 1

The relatiq

horizontal pattern for an objectis distinct from the combination oftwo LC_LandCoverClassDescCri

Closed trees (classification class A) in a grassland (classification class B) area that,.-due to
other scales, these would be separate Land Cover descriptor metaclasses.

LC_HorizontalPattern has three optional attributes: patternType, pattérnCoverPercent
nOccurrence. The permitted values of the attribute patternType are described in free tey
" string. The permitted values of the attribute patternCoverPercentage are described by
't LC_PermittedPercentageRange. The permitted values of the-attribute patternOccurré

fage of the different horizontal patterns while the attribute patternOccurrence describes
obability that this pattern is present.

represent Land Cover Legend classes or Application Schema that describe heterogeng
ittribute patternOccurrence describes the probability that a certain recurrent feature cai
whole class. Any attribute provided in a metalanguage level class is an attribute descrif
emplate so that an attribute can be used at.&lower level of instantiation.

In a complex agricultural mosaic, there.€an be small herbaceous crop fields, small clumps of t
lds and ponds. However, the occurrence:df ponds is much less frequent than the other three elemsg
e patternOccurrence allows this structit'e to be described.

multiStrataComposition. FRis composition relationship is an ordered aggregation of the
ements that make up a horizontal pattern. There is an associated optional relationship c
trataComposition that carries an attribute strataPortioning.

tes in LC_HorizontalPattern, and the relationship class LC_StrataPortion are optional.
iptor as represented by LC_LandCoverClassDescriptor contained only a single stratum, t
se optiona] attributes would be expressed and the horizontal pattern would be null.

C_PlanarStrataComposition

nship multiStrataComposition carries the relationship class LC_PlanarStrataComposit]

ptor
Fale.

the
ned

age
tin
the
nce
bes
the

ous
1 be
tor,

ees,
nts.

izontalPattern object has a,composition relationship with the object LC_Stratum through

LC_
[ass

If a
hen

ion,

which has

theomeoptiomatattribute; strutaPortioning This-whote Tetationship thass s optiomat—s

nce

its only attribute is optional. The attribute strataPortioning takes on a percentage value expressing the
portion by which the strata comprise a part of the whole.

The aggregate of multiple related strata can be constrained so that the sum of all of the related strata
(projected in orthogonal plane) equals 100 %. That is, the portion of each strata together comprise
the whole. The portion for each stratum is expressed by the associated relationship class LC_
PlanarStrataComposition carrying the attribute strataPortioning. The attribute strataPortioning takes
on a percentage value within a range.

An example of how this structure is used is shown in Figure 7. The same situation of grass and trees as
used in the previous figures is shown again. The coverage of the trees is 20 %. The coverage of the grass
can be more than 80 % because the grass can grow under the tree canopy, but this information can be
unavailable. For example, the data can have been gathered using data that does not allow one to view
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below the tree canopy, such as some types of satellite imagery. The portion of the grass in this example
is 80 %. The portion and cover are different concepts. Figure 7 shows the trees and grass as seen from
above.

= ~

| S A

NOTE
gras

The aggregate sum of the strata portions is < 100 %. The tree cover strata portion is 20 % and the
SStrata portionis 8096

Figure 7 — Example of planar strata composition

8.6J2.4 LC_Stratum

Indjvidual or groups of Land Cover elements (vegetated and/or non-vegetated) can be [assembled
intq strata (or layers). The LC_Stratum object represents a grouping,of Land Cover eleIlents (LC_
Element) that make a layer. This layer can then be considered as the definition of a compgnent of an
LC_LandCoverClassDescriptor object. Several strata can be combined in an ordered sequenge to model

spefific Land Cover classes in certain environments.

shrubs and
bnts in each
LLC_Stratum

EXAMPLE An example is a savannah or woodland composed by three separate layers of trees,
herlps with different cover of the woody component of the vegetation types. The cover of the elem
stratum can overlap since each stratum is independent from each other. Examples of the use of the
and|the layering construct are given in Annex C.

The
clas
clag

Land Cover
from that

LC_Stratum object can be a component of(the description of a Land Cover class in a |
sification system, and can form a component of a Legend class in a Legend derived
sification system.

Thif object has three relationships.

Itisanelementinthe compositionrelationship multiLayerComposition with the LC_HorizonptalPattern
object.

It has a compositionrelationship multiStrataComposition with the object LC_Element. Al
of LC_Element (vegetated and/or non-vegetated) can be combined in a stratum. The only
on this relationship is that {the sum of the cover of all the LC_Elements within one straf
be more than<100 %]}.

There isan/optional interStrataRelationship relationship between separate instances of

ny number
constraint
um cannot

,and Cover

class components from the LC_Stratum object. The properties of this relation are glven in the

assoctation class LC_InterStrataRelationship.

The _ : e attribute
name can be used to describe the stratum. The permitted value of the attribute name is in free text in a
character string.

The attribute presenceType allows one to indicate whether a stratum is fixed (mandatory), i.e. always
present in the composition of elements for an LC_LandCoverClassDescriptor metalanguage object, or
whether it is conditional. This allows the modelling of a situation where a certain stratum is permitted
but not always present in the definition of an LC_LandCoverClassDescriptor metalanguage object, for
example, in describing a type of forested area where a stratum containing the object representing a
tree is fixed (mandatory) whereas one for a shrub is conditional (optional). The permitted values of
the attribute presenceType are described by the code list LC_StratumPresenceType. The presenceType
of conditional is useful when describing a Land Cover classification system that contains classes or
Legends based on ambiguous definitions or when the intention is to indicate that a further refinement
of the Land Cover class is possible. The default value of the attribute presenceType is “fixed”.
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8.6.2.5 LC_InterStrataRelationship

The associated relationship class LC_InterStrataRelationship defines the relationship between instances
of the LC_Stratum object. Two or more LC_Elements are required in a stratum to have portioning.

A constraint is that {An instance of LC_Stratum metalanguage object cannot have an
interStrataRelationship with itself directly or indirectly through a circular reference}.

The associated relationship class LC_InterStrataRelationship has the optional attribute onTop. The
permitted values of the attribute onTop are defined by the code list LC_OnTopType. The default value is
“baseline”.

The LC_Strfatum object describes a set of Land Cover elements that are assembled into strata (ordayegrs).
Several strjata can be combined in an ordered sequence. The onTop attribute indicates a relationship
between strata where one stratum is defined in reference to another. This relationship gan'€ithef be
with respelct to a common background such as the soil surface of the Earth, or can be with respedt to
another strata.

EXAMPLE 1| Three elements: trees, shrubs and herbs can exist in separate stratum and.all originate fromnj the
same soil bgckground. See C.3 for an example using three strata.

By defauly, if the onTop relationship flag is not specified then all ¢the strata within an |LC_
LandCover(ClassDescriptor metalanguage object have a common background reference. That is,|the
default relationship is to the common baseline. In cases where the reftationship with the backgrourd is
different. if is necessary to define other values of the onTop relationship explicitly.

EXAMPLE 2 A “roof tree garden”, could be expressed as a buildirig\forming the first stratum with the oljject
tree forming the second stratum on top of the first stratum.

This construct is very useful to describe trees with epiphyites or lianas, boulders with lichen or mogses,
etc.

There are fwo constraints on the onTop relationship:

— {if two or more LC_Elements in the stratuin’are regulated by an exclusive or temporal relationship,
LC_Elgment from the on top stratum goes “on top” of all of the elements regulated by the exclufive
or temporal relationship}; and

— {if twolor more LC_Elements afe,regulated by a “conditional” relationship, the LC_Element from|the
on top|stratum goes “on top™of the “fixed” element in the conditional relationship}.

8.6.2.6 C_Element

The LC_El¢ment objectlis a generalization of a large number of subtypes. These subtypes form|the
basic elempnts of the 'LCML metalanguage model. A classification system, described in terms of|the
metalangupge, consists of Land Cover classes formed as serializations of the LCML metalanguage m¢del
LC_Element subtypes in various combinations.

The object LC_Element 1s pure, Le. It 1s composed oI single concept imdependent Land Cover
metalanguage-elements.

If the LC_Element object is used with no subtypes, it describes an area with no data.

The attribute presenceType makes it possible to indicate whether an LC_Element in a stratum
is fixed (mandatory), i.e. always present in the composition of elements for an LC_Stratum and
indirectly for a LC_LandCoverClassDescriptor metalanguage object, or whether it is exclusive,
conditionalTemporal or precluded. The permitted values of the attribute presenceType are described by
LC_ElementPresenceType. This attribute has a default value of “fixed”. The attribute elementPortioning
represents the percent value, within a range, of the area of pertinence of a single LCML basic element
when two or more LCML basic elements are considered in the same stratum. The sum of the whole
portioning values for all elements considered within a stratum is always equal to 100 %.
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This object has three relationships.
— Itis an element in the ordered relationship multiStrataComposition with LC_Stratum.

— ThereisasequentialTemporalRelationship between separate instances of the LC_Element objects. The
elements in the same stratum are regulated by four different relationship statuses: Fixed, Exclusive,
Conditional and Sequential Temporal, as described in LC_ElementPresenceType which is a code list
for the attribute presenceType in the UML association class LC_ElementRelationInSameStratum.

— There is a composition relationship where LC_ElementHorizontalArrangement is a component of
LC_Element. The LC_Element objectis purely physiognomic and LC_ElementHorizontalArrangement
1S additional information regarding the norizontal sStructure of that etement over the ground.

The constraint on the relationship multiStrataComposition is that {the sum of the covex‘of|all the LC_
Elements within one stratum cannot be more than 100 %j}.

The constraint on the sequentialTemporalRelationship is that {an LC_tElément caph have a
seqpentialTemporalRelationship only with the next one in the ordered list-of\LC_LandCoverElements
which belong to the same LC_Stratum}.

8.6J2.7 LC_ElementRelationInSameStratum

Thg UML association class LC_ElementRelationInSameStratdin defines the relationship between
insflances of the LC_Element object.

Theg UML association class LC_ElementRelationInSameStratum has two optional [attributes:
temporalType and lengthOf TemporalRelationship.

The attribute temporallype is optional. If the attribute exists it indicates whether a|sequential
temporal relationship exists. This structure allows the modelling of a situation where a ¢ertain LC_
Element is permitted but not always present-in the definition of an LC_Stratum and indireftly an LC_
LandCoverClassDescriptor metalanguagesdbject (i.e. it is optional), and also a situation where one of
twd LC_Elements is permitted but not both (exclusive OR — XOR).

The attribute temporalType for the) UML association class LC_ElementRelationInSameptratum is
optjonal and by default there is no sequential temporal relation. This attribute allows the indfication of a
temporal relationship betweenLC_Elements. One element can exist at one time and another|element at
a different time (see C.10).

Thg  attribute lengthOfTemporalRelationship in  the  UML  association class  LC_
ElenentRelationInSameStratum describes the length of the temporal relationship using a vialue object
representing a positive real range. For “sequentialSameYear” value of the attribute temponalType, the
valye is measured in months. For “sequentialOtherYear” value of the attribute temporalTyp¢, the value
is measureddn years. See 8.28.2.7 for a description of LC_PermittedPosRealRange.

Optionality is useful when describing a Land Cover classification system that contains|classes or
Legeunds'based on ambiguous definitions or for indicating that a further refinement of the Land Cover

. 1
classis posstore:

NOTE The UML association class LC_ElementRelationInSameStratum is optional and the two
attributes temporalType and lengthOfTemporalRelationship within that class are also optional. If the LC_
ElementRelationInSameStratum class is used without any attributes it has the same meaning as not using the
LC_ElementRelationInSameStratum class.

8.6.2.8 LC_ElementHorizontalArrangement

The optional component LC_ElementHorizontalArrangement provides for a description of the
structural aspect of an LC_Element. The structural aspect in general describes both the horizontal and
vertical aspect/relationship of the LC_Element. The use of stratum (LC_Stratum) describes the vertical
relationship and object LC_HorizontalPattern describes the horizontal relationship of LC_Elements
within a stratum. The LC_ElementHorizontalArrangement describes the horizontal aspect within an
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LC_Element. These properties are characterized by three attribute types: cover, density (with associated
densityUnitOfMeasure) and elementHorizontalSpreading.

The attribute cover describes the area of incidence of an element over the bare ground. The permitted
values of the attribute cover are described by the value object LC_PermittedPercentageRange.

The attribute density is the number of LC_Elements in an area defined using a specific unit of measure
(e.g. elements per hectare). The attribute density is expressed as a real number in terms of a unit of
measure given in the attribute UnitOfMeasure taking on the value type UomArea.

The attribute densityUnitOfMeasure gives the value type UomArea for the attribute density.

The attriblllte elementHorizontalSpreading describes the horizontal structure of that element ovyey|the
ground.

8.6.2.9 IIC_ElementHorizontalSpreadingType

The code list LC_ElementHorizontalSpreadingType contains a list of types of horizantal structure of an
element over the ground. The code list values are:

— unevemlySpread — The LC_BasicElement types are erratically dispersed over the ground. [The
spreading is uniform. It is a typical disposition of growth forms of natutal vegetation or artificigl or
naturdl elements that do not have an artificial (human-induced) disposition pattern;

— regulafrRowsGeneral — The LC_BasicElement types are arranged in systematic, ordered rowp or
strips;

— regulafRowsSingleElement — The LC_BasicElement typés are arranged in systematic, ordgred
rows gr strips. The row is formed by a line of a single type of LC_Basic Element;

— regularMultipleSingleElement — The LC_BasicElentent types are arranged in systematic, ordgred
rows dr strips. The row is formed by two or nigre adjacent lines of two or more LC_Basic Elenfent

types;

— clustetts — The components of the LC(BasicElement are arranged in groups that form a speg¢ific
patterh over their overall irregular,disposition;

— other 4+ The LC_BasicElement types are arranged in another manner.

This list can be extended throughiregistration.

8.6.2.10 ILC_StratumPreSenceType

The code ljst LC_StratumPresenceType contains a list of types of stratum relationships (see 8.6.2.4).
This list dontains\three types: fixed,optional and conditional. This list can be extended through
registratiopn. The~attribute presenceType for the UML association class LC_InterStrataRelationship is
optional and-is by default the first value of this enumeration, namely “fixed”. The presence types arg:

— fixed — The LC_Stratum is always present in the LC_HorizontalPattern and indirectly in the LC_
LandCoverClassDescriptor metalanguage object;

— optional — The presence of an LC_Stratum can optionally exist;

— conditional — The existence of the LC_Stratum is dependant upon the temporal existence of the
element composing the strata.

8.6.2.11 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 precluded. This list can
be extended through registration. The attribute presenceType for the UML association class LC_
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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 stratum;

exclusive — One of two or more LC_Elements can exist in the stratum (XOR relationship) linked

with a sequential temporal relationship;

conditionalTemporal — The existence of an LC_Element in a stratum can optionally exist and is
regulated by a temporal relationship. It is dependant upon a temporal relationship being defined;
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or more LC_Elements can exist in a stratum in an exclusive (XOR) relationship, lin
iential temporal relationship. For instance, it is possible to model in a very detailed way
rerning when and for how long one field remains with bare ground or with cropyor whg
‘e are two crops and related harvest periods in the same field. The two crops‘grow in a
br. [t is also possible to model fallow land that remains as fallow for one ortwo years and
I the land is cultivated. See C.10.

2.12 LC_SequentialTemporalRelationshipType

code list LC_SequentialTemporalRelationshipType contains aJist of types of temporal rel
5 list contains two types: sequentialSameYear and sequehtialOtherYear. This list can b

2.13 LC_OnTopType

code list LC_OnTopType contains a list of types.of on-top relationships for the onTop attr
[nterStrataRelationship association class (s&€ 8.6.2.6). The “onTop” relationship make us
in order to make it possible to define as many values as wanted, and to give them explicit
5 is the most flexible approach to handling the “onTop” relation. This list contains nine

can be extended through registration. The attribute onTopType for the UML associatio
rStrataRelationship is optional @nd is by default the first value of this enumeration “bag
op relationship types are:

baseline — Elements of-a_stratum are “on top” of the baseline, where the baseline is
surface which corresponds to the surface of the earth (or water) covered by the Land Cov
that are instantiations of the LC_LandCoverClassDescriptor metalanguage object. Bas
default value of therelationship onTop;

previousE1l<x=FElements of a stratum are “on top” of the first element (or set of element
by an exclusive, temporal or conditional relationship) of the previous stratum;

previousE2 — Elements of a stratum are “on top” of the second element (or set of element
by“an'exclusive, temporal or conditional relationship) of the previous stratum;
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previousE3 — Elements of a stratum are "on top” of the third element [or set of elements regulated

by an exclusive, temporal or conditional relationship) of the previous stratum;

previousE1-2 — Elements of a stratum are “on top” of the first to second elements of the previous
stratum (where either the first and /or second element can be a set of elements regulated by an

exclusive, temporal 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
which are components of the LC_LandCoverClassDescriptor metalanguage object;
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— 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_LandCoverClassDescriptor 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_LandCoverClassDescriptor metalanguage object;

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_LandCoverClassDescriptor metalanguage

object.
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LC ElementHorizontalArrangement
5

0.1

horizontalArrangement

«metalanguage»
LC_Vegetation::
LC_VegetationElement

«metalanguage»
LC_Abiotic::LC_AbioticElement

Figure 8 — Subtypes of LC_LandCoverElement
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The optional component LC_ElementHorizontalArrangement allows for the description of the horizontal
arrangement within an LC_Element.

8.7.2 LC_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 can 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
clagsification system for all vegetation-covered suriaces.

8.7J12.2 LC_AbioticElement

Theg LC_AbioticElement metalanguage object is a subtype of LC_Element and represents|one of the
basjc types of Land Cover that can be used in a Land Cover classification system. This metalanguage
obj¢ct, when instantiated, allows the generation of a general Land Cover feature class in a Land Cover
clagsification system for all abiotic surfaces.

8.8 LC_VegetationElement

8.8]1 LC_VegetationElement subtypes

Theg LC_VegetationElement metalanguage object is ac¢subtype of LC_Element. It has or:r subtype,
LC_GrowthForm, and has a relationship growghFormCharacteristics to a compénent LC_
LanldCoverElementCharacteristic. This is represented‘in Figure 9.

+characterize RC_Element
<> «metalanguage»
growthFormCharacteristics LC_VegetationElement
+characterizeB 0.* Z%
LC_LandCoverElementCharacteristic
«metalanguage»
«metalanguage» LC_GrowthForm
LC_ElementCharacteristics:: : X
LC_GrowthFormChafacteristic + height: LC_PermittedPosRealRange [0..1]
— + lifeFormSpecialization: LC_LifeFormSpecializationType [0..1]
«codglisty :
LC_LifeFormSpecializationType :
+| bamboos
+| climbers The attributes lifeFormSpecialization and leafCharacter afe
+| eppphytes optional and apply only to woody and herbacious growth forms.
+ | stem_succulents
+ fnﬁ'_p]qnfc

Figure 9 — Subtypes of LC_VegetationElement

8.8.2 LC_VegetationElement classes

8.8.2.1 LC_GrowthForm
The LC_GrowthForm metalanguage object is a subtype of LC_VegetationElement. It has two optional

attributes: height and lifeFormSpecialization. The permitted values of the attribute height are
described by the value object LC_PermittedPosRealRange. The permitted values of the attribute
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lifeFormSpecialization are described by the codelist LC_LifeFormSpecializationType. The attribute
height describes the height of the growth form in the units used in the data set.

8.8.2.2 LC_LifeFormSpecializationType

LC_LifeFormSpecializationType is a code list used to to refine the description of the physiognomic
aspect. It refers to specific traits of vegetation contributing to its further definition. It is categorized in
five different types:
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LC VegetationElement

«metalanguage»
LC_GrowthForm

A

«metalanguage» «metalanguage» «metalanguage»

LC_WoodyGrowthForm LC_LichenAndMoss LC_Algae

8.9
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The
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gro

8.9

The
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clag

+

status: LC_AlgaeStatus [0..1]

— 7

+( ‘submerged

«metalanguage» «codelist»
LC_HerbaceousGrowthForm LE_AlgaeStatys
+ fleating

Figure 10 — Subtypes of LC_GrowthForm

2 LC_GrowthForm classes

2.1 LC_WoodyGrowthForm

LC_WoodyGrowthForm metalanguage objeet'is a subtype of LC_GrowthForm. This me
ct, when instantiated, allows the generation of a general Land Cover feature class in a
sification system for all vegetation-covered surfaces where the cover is a woody growth

2.2 LC_HerbaceousGrowthFerm

LC_HerbaceousGrowthForm metalanguage object is a subtype of LC_GrowthH
alanguage object, when ifistantiated, allows the generation of a general Land Cover feat

falanguage
Land Cover
form.

orm. This
ire class in

nd Cover classification'system for all vegetation-covered surfaces where the cover is a herbaceous

vth form.

2.3 LC_LichénAndMoss

LC_LichenAndMoss metalanguage object is a subtype of LC_GrowthForm. This me
ct, when'ihstantiated, allows the generation of a general Land Cover feature class in a
sification system for all vegetation-covered surfaces where the cover is a lichen and/or n

falanguage
Land Cover
10SS.

8.9.

4.4 LU_Algde

The LC_Algae metalanguage object is a subtype of LC_GrowthForm. It has one optional attribute:
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: floating algae;

submerged: submerged algae.
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This list can be extended through registration.

8.10 LC_WoodyGrowthForm

8.10.1 LC_WoodyGrowthForm subtypes

The LC_WoodyGrowthForm metalanguage objectis a subtype of LC_GrowthForm and has two subtypes:
LC_Tree and LC_Shrub; and two components: LC_WoodyLeafType and LC_WoodyLeafPhenology.
The relationship leafType is to LC_WoodyLeafType and the relationship leafPhenology is to LC_

WoodyLeafPhenology.

This metalanguage object, when instantiated, allows the generation of a general Land Coverfeature
class in a Lpnd Cover classification system for all woody growth form vegetation-covered surfaces. This

is represerited in Figure 11.

«invariant» AN
{Sum <= 1006 : The sum of all
percentage aktributes for

every LC_WdodyGrowthLeafType
link for a single
LC_WoodyGrowthForm not be
more than 100%, where the
"percentage
attribute" peftains to the
percentage of the element in the
coverage, nof the

percentage of the property in the
element }

+type

«metalanguage»
LC_WoodyGrowthForm

LC_GrowthForm

+typeOf

leafType

+typeOf ’

’ +characterOf

leafCharacter 0.1

«metalanguage»
LC_WoodyLeafCharacter

leafPhenology

+character

«metalanguage»
LC Tree

«metalanguage»
LC_Shrub

0.%

+type

+ leafAspect: LC_LeafAspectType [0].1]
+ leafSize: LC_LeafCharacterSize [0.]1]

«invariant» AN
{sum <=100% : sum of all percentage
attributes for every
LC_WoodyGrowthLeafPhenology lin}
for a single LC_WoodyGrowthForm njot
be more than 100%, where the
"percentage attribute" pertains to thg
percentage of the element
in the coverage, not the percentage off
the property in the element }

0.* .

«metalanguage»

LC_WoodyLeafType

«metalanguage»
LC_WoodyLeafPhenology

+ percentape: LC_PermittedPercentageRange 10..1]

+ percentage: LC_PermittedPercentageRange [0..1]

constraints

{Sum all LC_{VoodyGrowthLeafTyp¢ percentage <= 100%}

constraints
{Sum all LC_WoodyGrowthLeafPhenology percentage <= 100%}

A

«métalanguage»
LC)BroadLeaf

«metalangua...
LC_NeedleLeaf

«metalanguage»
LC_Evergreen

«metalanguage»
LC_Deciduous

+ shape: LC_BroadLeafShape [0..1]

+ arrangement: LC_LeafArrangement [0..1]

+ venation: LC_BroadLeafVenation [0..1]

«metalanguage»
LC_Aphyllous

+ starting: LC_PermittedPosRealRange [0..1]
+ length: LC_PermittedPosRealRange [0..1]

Figure 11 — Subtypes of LC_WoodyGrowthForm

The code lists that support LC_WoodyGrowthForm and its components are shown in Figure 12.
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«codelist» «codelist»
LC_BroadLeafVenation LC_BroadLeafShape
+ dichotomous + acicular
+ pinnateReticulate + acuminate
+ palmateReticulate + aristate
+ parallelExpandedLeaf + bipinnate
+ parallelLinearLeaf + cordate
+ cuneate
+ deltoid
+ digitate
+ P]]ipﬁr
+ falcate
«codelist» + flabellate
LC_LeafArrangement + hastate i
+ lanceShaped
+ alternate + linear
+ helical + lobed
+ opposite + obcordate
+ whorled + oblanceolate
+ oblong
+ obovate
+ obtuse
+ orbieular
] + /7 ovate
«codelist» % “palmate
LC_LeafCharacterSize + pedate
+ large_leaf + peltate
+ medium_leaf + perfoliate
+ small_leaf + pinnate
+ pinnatisect
+ reniform
+ rhomboid
+ round
+ sagittate
+ spatulate
«codelist» + spearShaped
LC_LeafAspectType : subul;;}el q
swordShape
+ sclerophyllous + trifoliate
+ succulent + tripinnate
+ soft.Jeaved + truncate
+ unifoliate
Figure-12 — Code lists that support the LC_WoodyGrowthForm object structuye
8.10.2LC_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.

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
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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.

8.10.2.3 LC_WoodyLeafType

The component LC_WoodyLeafType is related to LC_WoodyGrowthForm by the relation leafType. It
has three subtypes: LC_NeedleLeaf, LC_Aphyllous and LC_BroadLeaf. It has one optional attribute:
percentage. The permitted values of the attribute percentage are described by the value object LC_

Permitted

ercentageRange with the constraint that {it is required that the sum of all percen
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for every LC_WoodyGrowthLeafType link for a single LC_WoodyGrowthForm be not
b}. The concept of percentage pertains to the percentage of the element in the coverage,
fage of the property in the element. The component LC_WoodyLeafType can be usédto re
hguage object LC_WoodyGrowthForm to permit the generation of a more specificl.and C
5s in a Land Cover classification system.

C_BroadLeaf

oadLeaf metalanguage object is a subtype of LC_WoodyLeafType. The properties
aves can be further characterized by leaf “Arrangement” on thé.stem, leaf “Shape” and
". This is represented by the three optional attributes arrangement, shape and venation.
values of the attributes arrangement, shape and venationfave described by the enumer:
cts LC_LeafArrangement, LC_BroadLeafShape, and _.L€_BroadleafVenation, respectiy

metalanguage object LC_WoodyGrowthForm to permit the generation of a more spe
feature class in a Land Cover classification systém.

C_NeedleLeaf

bedleLeaf metalanguage object is .a subtype of LC_WoodyLeafType. Attributes can|
| through registration. This sub-component can be used to refine the metalanguage ob
GrowthForm to permit the generation of a more specific Land Cover feature class in a I
ification system.

C_Aphyllous

bhyllous metalanglidge object is a subtype of LC_WoodyLeafType. Attributes can
| through registfation. This sub-component can be used to refine the metalanguage ob
GrowthForm.to permit the generation of a more specific Land Cover feature class in a L
ification system.
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attributes can be established through registration.\Fhis sub-component can be used to
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oment LC_WoodyLeafPhenology is related to WoodyGrowthForm by the rela

leafPhenology. Tt 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_
PermittedPercentageRange with the constraint that {it is required that the sum of all percentage
attributes for every LC_WoodyGrowthLeafPhenology link for a single LC_WoodyGrowthForm be not
more than 100 %]}. The concept of percentage pertains to the percentage of the element in the coverage,
not the percentage of the property in the element. The component LC_WoodyLeafPhenology can 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.

8.10.2.8 LC_Evergreen

The LC_Evergreen metalanguage object is a subtype of LC_WoodyLeafPhenology. Attributes can be
established through registration. This sub-component can be used to refine the metalanguage object
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LC_WoodyGrowthForm to permit the generation of a more specific Land Cover feature class in a Land

Cov

er classification system.

8.10.2.9 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_PermittedPosRealRange. This sub-component can be used to refine the
metalanguage object LC_WoodyGrowthForm to permit the generation of a more specific Land Cover
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ure class in a Land Cover classification system. The attribute starting describes the time

lant. The Unit of Measure (uom) for these two attributes is by default months. This ean
he use of the uom attribute to the value object LC_PermittedPosIntegerRange. Thewalue
5 January as month 1.

D.2.10 LC_LeafArrangement

code list LC_LeafArrangement contains a list of leaf arrangements. At the metalanguag

is representative and can be extended through registration. The detailed values are d
exD.
D.2.11 LC_BroadLeafShape

code list LC_BroadLeafShape contains a list of broadleaf shapes. At the metalanguag
is representative and can be extended through registration. The detailed values are d
exD.
D.2.12 LC_BroadLeafVenation

code list LC_BroadLeafVenation contains a list of broadleaf venation which deg
ingement of the veins on the leaf. Atithe metalanguage level this list is representative

bnded through registration. The detailed values are described in Annex D.

D.2.13 LC_WoodyLeafCharacter

component LC_WoodyLeafCharacter is related to LC_WoodyGrowthForm by th
Character. 1t has two) optional attributes: leafAspect and leafSize. The permitted
Cribed in the code lists LC_LeafCharacterSize and LC_LeafAspectType. The comp
bdyLeafCharactercan be used to refine the metalanguage object LC_WoodyGrowthForn
seneration ofi@wmore specific Land Cover feature class in a Land Cover classification syst

D.2.14 LC_LeafAspectType

code' list LC_LeafAspectType contains a list of leaf types. This list can be extendg
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The values are:

sclerophyllous: “leather like” leaves;

— succulent: fleshy leaves that are always striking in their appearance due to their water content;

8.10.2.15

soft-leaved: soft leaves (the common state).

LC_LeafCharactersSize

The code list LC_LeafCharacterSize contains a list of leaf size ranges.
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The values

are:

— large: > 400 cm?;

— medium: (4 - 400) cm?;

small:

>4 cm?2.

8.11 LC_HerbaceousGrowthForm

8.11.1 LC

The LC_He
subtypes:
generation

HerbaceousGrowthEorm enhfypnc

+phenologyOf
leafPhenology

rbaceousGrowthForm metalanguage object is a subtype of LC_GrowthForm. It-has

«metalanguage»
LC_Graminoids

«invariant» AN
{Sum <=100% : the sum ofall
percentage aftributes

for every LC_HerbaceousLeafPhenologyl

fwo

LC_Graminoids and LC_Forbs. This metalanguage object, when instantiated, ‘allows |the
of a general Land Cover feature class in a Land Cover classification system for all.vegetation
covered suffaces where the cover is an herbaceous growth form. This is represented in Figure 13.
LC_GrowthForm
«metalanguage»
LC_HerbaceousGrowthForm
? +leafCharacterOf leafCharacter
«metalanguage»
LC Forbs
+ status: LC_ForbsSgatas [0..1]
+ type: LC_ForbsLeafType [0..1]
+phenology 0.1 +leafCharacter 0.1
«metalanguage» «metalanguage»
LC HerbaceousLeafPhenology LC_HerbaceousLeafCharacte!
+ percentage: LC_RérmittedPercentageRange [0..1] + leafSize: LC_LeafCharacterSize [0}.1]

LC_Herbaceo

link for the sgme

sGrowthForm

not be more than 100.0%}

{Sum <= 100%}

constraints

«wmetalanguage»
LC _Perennial

«metalanguage»
LC_NonPerennial

+ growthFrequency: LC_GrowthFrequency [0..1]

«codelist»
LC_FolbsStatus

+ rooted
+ __Non_roo

ed

«codelist»
LC_ForbsLeafType

«codelist»
LC_GrowthFrequency|

+ annual
+ biennial
+ other

«codelist»
LC_LeafCharacterSize

+

large_leaf
medium_leaf
small_leaf

Figure 13 — Subtypes of LC_HerbaeceousGrowthForm

8.11.2 LC_HerbaceousGrowthForm classes

8.11.2.1 LC_Graminoids

The LC_Graminoids metalanguage object is a subtype of LC_HerbaceousGrowthForm. This
metalanguage object, when instantiated, allows the generation of a Land Cover feature class in a Land
Cover classification system for all graminoid herbaceous growth form covered surfaces.
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8.11.2.2 LC_Forbs

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 UML 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

Theg component LC_HerbaceousLeafPhenology is related to LC_HerbaceousGrowthForm by
leaflPhenology. It has three subtypes: LC_Annual, LC_Biennial and LC_Perennial. It lras-o
attifibute: percentage. The permitted values of the attribute percentage are described by/the y

8.11.2.5 LC_LeafCharacterSize

The code list LC_LeafCharacterSize contains a list of leaf size ranges. See 8.10.2.15.

8.11.2.6 LC_Perennial

Theg LC_Perennial metalanguageobject is a subcomponent of LC_HerbaceousLeafPhenology
can|be established throughregistration. This sub-component can be used to refine the me
object LC_HerbaceousGrowthForm to permit the generation of a more specific Land Cover fe
in alLand Cover classification system.

8.11.2.7 LC_NonPerennial

Thg LC_NonPerennial metalanguage object is a subcomponent of LC_HerbaceousLeaf
Attributestcan be established through registration. This sub-component can be used to
metalahguage object LC_HerbaceousGrowthForm to permit the generation of a more sp

t'lhe relation

e optional
alue object
percentage
owthForm
refine the
pcific Land

he relation

refine the
beific Land

Attributes
falanguage
ature class

Phenology.
refine the
bcific Land

rfeature class in a Land Cover classification system. It has one optional attribute: growt}

Frequency.

The permitted values of the attribute growthFrequency are described by the enumerated values in UML
class LC_GrowthFrequency. 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.

8.11.2.8 LC_ForbsStatus
The code list LC_ForbsStatus contains a list of forbs status types. This list contains two types:

rooted: has roots;

non_rooted: does not have roots.

This list can be extended through registration.
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8.11.2.9 LC_ForbsLeafType

The code list LC_ForbsLeafType contains a list of leaf types. At the metalanguage level this list is empty,
but it can be populated through registration.

8.11.2.10 LC_GrowthFrequency

The code list LC_GrowthFrequency contains a list of frequencies for HerbaeceousGrowthForm life
cycles. This list contains three types:

— annual: vearly;

— biennial: every two years;
— other: jother life cycle frequency.

This list cajn be extended through registration.
8.12 LC_LlichenAndMoss

8.12.1 LC|LichenAndMoss subtypes

The LC_LidhenAndMoss metalanguage object is a subtype of LC_GrowthForm. It has two subtypes:|LC_
Lichen and LC_Moss. This metalanguage object, when instantiated,/allows the generation of a genpral
Land Cover feature class in a Land Cover classification system for:all vegetation-covered surfaces where
the cover i$ a lichen and/or moss growth form. This is represented in Figure 14.

LC_GrowthForm

«metalanguage»
LC_LichenAndMoss

Y

«metalangliage» «metalanguage»
LC_Lichen LC_Moss

Figure 14 — Subtypes of LC_LichenAndMoss

8.12.2 LC|LichenAndMoss classes

8.12.2.1 licFEichen

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
The LC_Moss 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 moss-covered surfaces.
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8.13 LC_AbioticElement

8.13.1 LC_AbioticElement subtypes

The LC_AbioticElement metalanguage object is a subtype of LC_Element and has three subtypes
representing the three basic types of abiotic surface Land Cover. The subtypes are: LC_
ArtificialSurfaceElement, LC_NaturalSurfaceElementand LC_WaterBodyAndAssociatedSurfaceElement.
This is represented in Figure 15.

LC Element

«metalanguage»
LC_AbioticElement

I\

«metalanguage» «metalanguage»
LC_ArtificialSurfaceElement LC_WaterBodyAndAssociatedSurfaceElemenit

p— ¢

«metalanguage»
LC_NaturalSurfaceElement

2 W

Figure 15 — Subtypes of LC_AbioticElement

8.18.2 LC_AbioticElement classes

8.18.2.1 LC_ArtificialSurfaceElement

The LC_ArtificialSurfaceElément metalanguage object is a subtype of LC_AbioticElefnent. This
meflalanguage object, when-instantiated, allows the generation of a general Land Cover featfire class in
a L3gnd Cover classification system for all artificial surfaces that are built-up and non-built-up.

8.18.2.2 LC_NaturalSurfaceElement

Theg LC_NaturalSurfaceElement metalanguage object is a subtype of LC_AbioticElethent. This
metlalanguage object, when instantiated, allows the generation of a general Land Cover featyire class in
a LgndCover classification system for all natural surfaces.

8.13.2.3 LC_WaterBodyAndAssociatedSurfaceElement
The LC_WaterBodyAndAssociatedSurfaceElement metalanguage object is a subtype of LC_

AbioticElement. 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. It also has a relationship with the component LC_ArtificialSurfaceCharacteristic.
This is represented in Figure 16.

LC_AbioticElement

«metalanguage» <>
C_ArtificialSurfaceElement| +characteristicof

artificialSurfaceCharacteristic

+characteristic | 0..*

LC_LandCoverElementCharacteristic

«metalanguage»
LC_ElementCharacteristics::
LC_ArtificialSurfaceCharacteristic

«metalanguage» «metalanguage»
LC_BuiltUpSurface LC_NonBuiltUpSurface

Figure 16 — Subtypes of LC_ArtificialSurfaceElement

8.14.2 LC|ArtificialSurface classes

8.14.2.1 LC_BuiltUpSurface

The LC_BtiltUpSurface metalanguage objeet is a subtype of LC_ArtificialSurfaceElement. This
metalangupge object, when instantiated, allows the generation of a general Land Cover feature clags in
a Land Cover classification system for&all‘built-up surfaces.

8.14.2.2 LJC_NonBuiltUpSurface

The LC_Nd@nBuiltUpSurface inetalanguage object is a subtype of LC_ArtificialSurfaceElement. This
metalangupge object, when instantiated, allows the generation of a general Land Cover feature clags in
a Land Covr classification system for all non-built-up surfaces.

8.14.2.3 IiC_ArtificialSurfaceCharacteristic

The compphnent LC_ArtificialSurfaceCharacteristic is related to the LC_ArtificialSurfaceElenpent
metalanguage  object by the relation  artificialsurfaceCharacteristic. The component
LC_ArtificialSurfaceCharacteristic can be used to refine the metalanguage object LC_
ArtificialSurfaceElement to permit the generation of a more specific Land Cover feature class in a Land
Cover classification system.

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 17.
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LC _AbioticElement

«metalanguage»
LC_NaturalSurfaceElement

8.15.2 LC_NaturalSurfaceElement classes

8.15.2.1 LC_RocksSurfaceElement

Thd
metf
a L3

8.15.2.2 LC_SoilSandDepositsSurfaceElement

The

NaturalSurfaceElement. This metalangudge object, when instantiated, allows the genet

gen
nat

8.1

8.1

The
Abi
twd
rep

«metalanguage» «metalanguage»
LC_RocksSurfaceElement LC_SoilSandDepositsSurfaceElement

A=

Figure 17 — Subtypes of LC_NaturalSurfaceElement

LC_RocksSurfaceElement metalanguage object is a subfype of LC_NaturalSurfaceEle
alanguage object, when instantiated, allows the generation of a general Land Cover feat

LC_SoilSandDepositsSurfaceElement. “metalanguage object is a subtype

eral Land Cover feature class in a Land Cover classification system for all unconsolidate
iral surfaces.

6 LC_WaterBodyAndAssociatedSurfaceElement

b.1 LC_WaterBodyAndAssociatedSurfaceElement subtypes

LC_WaterBodyAndAssociatedSurfaceElement metalanguage object is a subtyp
bticElement. At\las three subtypes: LC_WaterBody, LC_Snow and LC_Ice. It has a rela

components: LC_WaterAndAssociatedSurfaceCharacteristic and LC_PeriodicVariatid
Fesentediin Figure 18.

ment. This
ire class in

nd Cover classification system for all rock natural syurfaces. A Rock Surface Element is a geologically
conpolidated formation.

of LC_
ation of a
] sediment

e of LC_
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n. This is

©IS

02023 - All rights reserved

37


https://standardsiso.com/api/?name=b385a40c71626cf43ca095d1329ed718

ISO 19144-2:2023(E)

«metalanguage»
LC_PeriodicVariation

+ periodType: LC_PeriodVariationType [0..1]

+ persistencePeriod: LC_PermittedPosRealRange [0..1]
+

+

LC_AbioticElement

«metalanguage»
LC_WaterBodyAndAssociatedSurfaceElement

persistenceUnits: TimeMeasure [0..1]
description: CharacterString [0..1]

*
perodicVariation

constraints
{persistencePeriod > 0}
{persistenceUnit used only if peristencePeriod exists} <>
{description only if persistance type selected}

+variation  +variationOf

+characteristicOf

whterBodyAndAssociatedSurfaceCharacteristic

T
| 0.7

FCharacteristc

«metalanguage»
LC_Snow

LC_LandCoverElementCharatteris§ic

«metalanguage»
LC_ElementCharacteristics::
LC_WaterAndAssociatedSurfaceCharacterigtic

+ height: LC_PermittedPosRealRange [0..1]
+ snowType: LC_SnowType [0..1]

«metalanguage»
LC_WaterBody

+ depth: LC_PermittedPosRealRange [0..1]
+ dynathics: LC_WaterAndIceDynamics [0..1]
+ positipn: LC_WaterBodyPositions [0..1]

«metalanguage» 5
LC_Ice

+ iceDynamics: LC_WaterAndIceDynamies-{0..1]
+ height: LC_PermittedPosRealRange{0..1]

«metalanguage»
LC_Terrestriallce

«metalanguage»
LC_Floatinglce

+ type: LC_TerrestriallceType [0..1]|, ¢+ type: LC_FloatinglceType [0..1]

Figure 18 — Subtypes of LC_WaterBodyAndAssociatedSurfaces

The code lists that support LC_ WaterBodyAhdAssociatedSurfaces are shown in Figure 19.

«codelist»
LC_FloatinglceTyp¢

«codelist»
LC_TerrestriallceType

«codelist»
LC_WatérBodyPositions

«coldelist»
LC_WaterAndIceDynamics

+ flowingOrMoving + saboveSurface + iceCaps + lakelce
+ standihg +_~belowSurface + iceFields + riverlce
. + glacier + sealce
«coflelist» . «codelist» + rockGlacier + fastSealce
LC_PeriodVariationType<| LC_SnowType + tidewaterGlacier + driftSealce
+ atmospheric + powder
+ daily + crud
+ tidal + crust
+ seasonal + slush

Figure 19 — Code lists that support the LC_WaterBodyAndAssociatedSurfaces object structure

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 three optional attributes: depth, dynamics and position. The permitted values of the attribute
depth are described by the value object LC_PermittedPosRealRange. Depth is negative to height. The
permitted values of the optional attribute dynamics are described by the enumerated value object
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LC_WaterAndIceDynamics. The permitted values of the optional attribute position are described by
the enumerated value object LC_WaterBodyPositions. Other attributes can be established through
registration. 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 two attributes: height and snowType. The permitted values of the attribute height are described

by

des
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through registration. It has two subtypes: LC_Terresteriallce-atid LC_Floatinglce. This me

objé
clas

8.1

The
per
met
Cov

8.1
The

valyies of the attribute typé are described by the value object LC_floatinglceType. This me

objé
clag

8.1
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hC VGIUC Ubjc\,t LC_PCI lll;tthPUDRCa}RallsC| ThC IJCI lll;ttcd VGIUCD Uf thC Clttl ;butc oIl
Cribed by the value object LC_SnowType. Other attributes can be established through Tx
5 metalanguage object, when instantiated, allows the generation of a Land Cover feattr
d Cover classification system for all snow-covered areas.

b.2.3 LC_Ice

attributes: dynamics and height. The permitted value of the attribute dynamics is dd
enumerated value object LC_WaterAndIceDynamics. The permitted values of the attri
described by the value object LC_PermittedPosRealRange. @Qther attributes can be §

ct, when instantiated, allows the generation of a generahhand Cover feature class in a
sification system for all ice-covered areas.

b.2.4 LC_Terrestriallce

LC_Terrestriallce metalanguage object is-ai'subtype of LC_Ice. It has one attributg
mitted values of the attribute type are described by the value object LC_terrestriallcg
alanguage object, when instantiated, allows the generation of a Land Cover feature clas
er classification system for terrestrial areas covered with ice.

b.2.5 LC_Floatinglce

LC_Floatinglce metalanguage object is a subtype of LC_Ice. It has one attribute type. Thd

ct, when instantiatéd,-allows the generation of a Land Cover feature class in a L
sification system forywater bodies covered with floating ice.

b.2.6 LC_WaterAndIceDynamics

code list .C_WaterAndIceDynamics contains a list of water body and ice dynamic typg
fainsitwo types:

pwlype are
gistration.
e class in a

LC_Ice metalanguage object is a subtype of LC_WaterBodyAndAssociatedSurfaceElenent. It has

scribed by
bute height
bstablished
falanguage
Land Cover

type. The
Type. This
5 in a Land

permitted
falanguage
and Cover

s. This list

flowing: flowing or moving;

standing: standing (still not moving).

This list can be extended through registration.

8.16.2.7 LC_WaterBodyPositions

The code list LC_WaterBodyPositions contains a list of water body position status types. This list
contains two types:

©IS

aboveSurface: water element is above surface;

belowSurface: water element is below surface.
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This list can be extended through registration.

8.16.2.8 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 the code list LC_PeriodVariationType. The attribute persistencePeriod describes the
persistence period as a time duration. A constraint exists requiring that persistencePeriod always be
greater than 0. The attrlbute perszstenceUmts descrlbes the tlme units used for the per51stence perlod

using the
type. A co stramt ex1sts requlrlng that per51stence units be used if and only if a per51stence peri
exists. The|
A constrai
been chos

8.16.2.9 I

The code li
four types!

This list can be extended through registration.

8.16.2.10
The code lj

This list camrbeextended through Tegistration:

atmos
daily:
tidal: v

season

powde

crud: U

the snow surface;

crust:
can be

slush:

attribute description provides an optional textual characterization of the persistence‘ty
0t exists requiring that a description exist only if a persistence type from the code list

5s in a Land Cover classification system.

C_PeriodicVariationType

st LC_PeriodicVariationType contains a list of types of periodicvariations. This list cont

pheric: varying with atmospheric pressure;
Farying daily;
arying with the tides;

al: varying with the seasons.

LC_SnowType
st LC_SnowType contains,alist of types of snow. This list contains four types:
r: uncompacted, low density, low moisture snow (normally freshly fallen);

Ineven compacting of powder snow leading to uneven ridges and formation of iced area

powdersnow;

bartially melted snow which forms an icy consistency with liquid water forming into pod

en. The component LC_PeriodicVariation can be used to refine the metalanguage ohj
LC_WaterBodyAndAssociatedSurfaceElement to permit the generation of a more spetific Land Cq
feature cla

hins

b 0N

h layer of spew on the surface of the snowpack that is stronger than the snow below, which

Is.

8.16.2.11

LC_FloatinglceType

The code list LC_Floatinglce contains a list of types of floating ice. This list contains five types:

40

lakelce: ice on a lake;

riverlc

sealce:

e:ice on ariver;

ice at sea (exclusive of fastSealce and driftSealce);

fastSealce: sea ice that has frozen along coast or the sea floor and extends out from land into sea;
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driftSealce: sea ice that floats on the surface.

This list can be extended through registration.

8.16.2.12 LC_TerrestriallceType

The code list LC_TerrestriallceType contains a list of types of terrestrial ice. This list contains five types:

iceCaps: ice dome or cap - although not specifically associated with a specific geographic feature,

the domes of ice caps are normally centred around the highest point or mountain pea
flowing away from the highest point;

Thi

8.1

The
rela

agg
Wat
Wat
feat

8.1

8.1

The
met
clag
met

Thd
Con

iceFields: extensive areas of interconnected valley glaciers;

glacier: a large, slow-moving river of ice, formed from compacted layers of snow¢ Diffe
of glacier include Valley, Mountain and outline. The movement is in response-t6 gravit
pressure;

downslope of structures such as glaciers;
tidewaterGlacier: glaciers that flow into the sea. pieces may break off and form icebergs

5 list can be extended through registration.

h.2.13 LC_WaterAndAssociatedSurfacesCharacteristic

LC_WaterAndAssociatedSurfacesCharacteristic¥ metalanguage object is a
ted to the LC_WaterBodyAndAssociatedSurfaceElement metalanguage object]

erAndAssociatedSurfacesCharacteristic «€an be used to refine the metalanguage

erBodyAndAssociatedSurfaceElement<to permit the generation of a more specific L
ure class in a Land Cover classification system.

7 LC_BuiltUpSurface

/.1 LC_BuiltUpSurfacesubtypes

alanguage object,"when instantiated, allows the generation of a general Land Coy
s in a Land Cever classification system for all built-up artificial surfaces. The LC_Buil
alanguage.ohbject has two subtypes: LC_LinearSurface and LC_NonLinearSurface.

structienMaterial. This is represented in Figure 20.

k, with ice

rent types
y and high

rockGlacier: glacier formed of blocky detritus (such as rocks) and ice which are formed ofyitward and

component
by the

regation  relation  waterBodyAndAssociatedSurfaceCharacteristic.  The  component LC_

bbject LC_
and Cover

LC_BuiltUpSurface ,-metalanguage object is a subtype of LC_ArtificialSurfaceElegnent. This

er feature
LUpSurface

permitted values of the optional attribute constructionMaterial are described by the c¢de list LC_
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LC ArtificialSurfaceElement

«metalanguage»
LC_BuiltUpSurface

+ constructionMaterial: LC_ConstructionMaterial [0..*]

«metalanguage» «metalanguage»
LC_LinearSurface LC_NonLinearSurface ‘
+ linearpurfaceType: LC_LinearSurfaceType [0..1] o l
«codelist» |
LC_LinearSurfaceType «metalanguage»
LC_Building

+ height: LC_PermittedRosRealRange [0..1]

N 7

«codelist» «metalanguage»
LC_ConstructionMaterial LC_OtherConstruction

+ _ height: LC_PermittedPosRealRange [0..1]

=N

«metalanguage»
LC_OtherArtificialSurface|

+ sealed: CharacterString [0..1

—

Figure 20— Subtypes of LC_BuiltUpSurface

8.17.2 LC|BuiltUpSurface classes

8.17.2.1 IiC_LinearSurfaece

The LC_LinmearSurface' metalanguage object is a subtype of LC_BuiltUpSurface. The permitted values
of the optignal attribute type are described by the code list LC_LinearSurfaceType. This metalangyage
object, when“instantiated, allows the generation of a Land Cover feature class in a Land Cgver
classificatiprisystem for all built-up linear artificial surfaces.

NOTE Common types of linear surfaces are roads, railways, communication or power line corridoors. These
linear surface objects do not describe Land Use. They are names for the physical Land Cover that corresponds
to a road, railway, communication or other system. It is simpler and more widely understood to say “railway”
than “two iron rails on a gravel, concrete or other support material. However, the term “railway” in a Land Cover
context does not mean that this object is used as a transportation system for trains. A Land-Use-related name
can be used to identify a particular physiognomic appearance of an artificial Land Cover. The “use aspect” of a
road, a railway, a communication and other linear feature can be described as a characteristic associated with
these classes (see ISO/TS 19144-3). The enumeration associated with the attribute linearSurfaceType is restricted
to purely physiognomic aspects.
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8.17.2.2 LC_NonLinearSurface

The LC_NonLinearSurface metalanguage objectis a subtype of LC_BuiltUpSurface. It has three subtypes:
LC_Building, LC_OtherConstruction and LC_OtherArtificialSurface. This metalanguage 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_Building

The LC_Building metalanguage objectisasubtype of LC_NonLinearSurface.Ithastheattribute height. The
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percentage cover of the building within the area described by that element can be desey
ibute cover in the class LC_ElementHorizontalArrangement which is a component of, l«C |
ch LC_Building is a subtype. This metalanguage object, when instantiated, allows the
Land Cover feature class, in a Land Cover classification system, for land covered by
[cture that has the physiognomic appearance of a building.

E A building can be of a non-rectangular shape and only cover a portion of the geometric ar¢
he element.

7.2.4 LC_OtherConstruction

LC_OtherConstruction metalanguage object is a subtype* of LC_NonLinearSurface.
ibute height. The permitted values of the attribute height are described by the value
mittedRealRange. The percentage cover of the other, canstruction within the area descri
hent can be described by the attribute cover in the class LC_ElementHorizontal Arranger
component of LC_Element of which LC_OtherCenstruction is a subtype. This is similar

generation of a Land Cover feature class, in@ Land Cover classification system, for land
struction that has the physiognomic appearance of other than a building.

E A construction can only cover a péortion of the geometric area identified for the element.

7.2.5 LC_OtherArtificialSurface

LC_OtherArtificialSurface)*metalanguage object is a subtype of LC_NonLinearSui
alanguage object, when.instantiated, allows the generation of a Land Cover feature clas
er classification system, for land covered by another artificial surface. It has the option
ed which indicates Whether the surface is porous and will allow for the absorption of sup

/.2.6 LC_LinearSurfaceType

code list.L.C_LinearSurfaceType contains a list of linear surface types. At the metalan
list is;empty, but it can be populated through registration.
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The code list LC_ConstructionMaterial contains a list of hardness states for construction materials. At

the

8.1

metalanguage level this list is empty, but it can be populated through registration.

8 LC_NonBuiltUpSurface

8.18.1 LC_NonBuiltUpSurface subtypes

The LC_NonBuiltUpSurface metalanguage object is a subtype of LC_ArtificialSurfaceElement. This
metalanguage object, when instantiated, allows the generation of a general Land Cover feature class
in a Land Cover classification system for all non-built-up artificial surfaces. The LC_NonBuiltUpSurface
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metalanguage object has two subtypes: LC_DumpSite and LC_Extraction. This is represented in

Figure 21.

LC_ArtificialSurfaceElement

«metalanguage»
LC_NonBuiltUpSurface

8.18.2 LC

8.18.2.1 [

The LC_DumpSite metalanguage object is 4 spibtype of LC_NonBuiltUpSurface. The permitted valug
the optiongl attribute type are described by the code list LC_DumpSiteType. This metalanguage ob

when inst3
system for
considered

8.18.2.2 I

The LC_Ex
type. The
This metal
Land Cove

«metalanguage» «metalanguage»
LC_DumpSite LC_Extraction
+ type: LC_DumpSiteType [0..1] + type: LC_ExtractionType [0..1] |}
«codelist» «codelist»
LC_DumpSiteType LC_ExtractionType
+ surface
+ subsurface

= S

Figure 21 — Subtypes of LC_NonBuiltUpSurface

NonBuiltUpSurface classes

C_DumpSite

ntiated, allows the generation of a Land Cover feature class in a Land Cover classifica
all deposit non-built-up-artificial surfaces. The detailed kind of material being dumpe
as Land Use.

C_Extraction

traction metalanguage object is a subtype of LC_NonBuiltUpSurface. It has one attrib
bermitted Wwalues of the attribute type are described by the code list LC_ExtractionT)
anguage-object, when instantiated, allows the generation of a Land Cover feature class
" classification system for all extraction non-built-up artificial surfaces. The detailed kin|

s of
ect,
[ion
d is

Lte:
pe.
in a
d of

material b4

bing extracted is considered as Land Use.

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 can be populated through registration.

8.18.2.4 LC_ExtractionType

The code list LC_ExtractionType contains a list of types of extraction for an artificial non-built-up
artificial surface. This list contains two types:

— surface: top layer of the ground;
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subsurface: below the surface.

This list can be extended through registration.

8.1

9 LC_RocksSurfaceElement

8.19.1 LC_RocksSurface subtypes

ISO 19144-2:2023(E)

The LC_RocksSurface metalanguage object is a subtype of LC_NaturalSurfaceElement. This
metalanguage object, when instantiated, allows the generation of a general Land Cover feature class

in
Bar

8.1

8.1

Thd
atty
feat

eRock and LC_Hardpan. This is represented in Figure 22.

Famd—Cover tlassification systenT for att comnsotidated Taturat surfaces. Tt as two sul

«metalanguage»

LC_NaturalSurfaceElement

LC_RocksSurfaceElement

«metalanguage»
LC_BareRock

«metalanguage»
LC_Hardpan

type: LC_HardpanType [0..1]

«codelist»
LC_HardpanType

+

ironpan/laterite
petrocalcic

petrogypsic

D.2 LC_RocksSurfaeceElement classes

D.2.1 LC_BareRock

Figure22 — Subtypes of LC_RocksSurfaceElement

types: LC_

LC_BaréRock metalanguage object is a subtype of LC_RocksSurfaceElement. It has ome optional
ibute: cover. This metalanguage object, when instantiated, allows the generation of a |
ure'class in a Land Cover classification system for a bare rock natural surface.

Land Cover

8.19.2.2 LC_Hardpan

The LC_Hardpan metalanguage object is a subtype of LC_RocksSurfaceElement. It has one optional
attribute: type. The permitted values of the attribute type 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:

— ironpan/laterite: metaferricrete - iron oxide-based hardpan;

©IS
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— petrocalcic: calcium carbonate-based hardpan;
— petrogypsic: gypsum-based hardpan.

This list can be extended through registration.
8.20 LC_SoilSandDepositsSurfaceElement

8.20.1 LC_SoilSandDepositsSurfaceElement subtypes

The LC CSallSandDanacitcSnurfacrablamant matalanaouaaag ohiact 1S L1 cll}'\f}rpn r\F LC_

POt o D S P oo Tt D T o C e e T eI e T TIreTaia oo g e ToyeTT pa=4 EA-31~ac

NaturalSuifaceElement. This metalanguage object, when mstantlated allows the generatiohypf a
general Laphd Cover feature class in a Land Cover classification system for all specific types of\natpiral
surfaces. It has four subtypes: LC_CoarseMineralFragments, LC_BareSoil, LC_LooseAndShiftingSpnd
and LC_Deposits. This is represented in Figure 23.
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LC NaturalSurfaceElement

«metalanguage»
LC_SoilSandDepositsSurfaceElement

JA

«metalanguage» «metalanguage»
LC_CoarseMineralFragments LC_LooseAndShiftingSand

+ | type: LC_CoarseMineralFragmentType [0..1]

JA

«metalanguage» «metalanguage»
LC_BareSoil LC Deposits

+ macropatternCoverage: LC_PermittedRealRange [0..1]
+ type: LC_MacropatternType [0..1]

) JA

«metalanguage» «etalanguage»
LC_Dune LC_InorganicDeposits

+ | type: LC_DuneType [0..1] + type: LC_InorganicDepositType [0..1]

«codelist» «codelist» «metalanguage»
LC| CoarseMineralFragmentType LC-InorganicDepositType LC_OrganicDeposits
+ | gravel +\_Jsalt + type: LC_OrganicDepositType [0..1]
+ | stone + soda
+| boulder b+ lime
+ | mixed + gypsum

«codelist» «codelist» «codelist»

LC_MacropatternType LC_OrganicDepositType LC_DuneType
+| gilgai + ombrotrophicPeat + barchan
+ | termiteMounds + minerothrophicPeat + parabolic
+ longitudinal

Figure 23 — Subtypes of LC_SoilSandDepositsSurfaceElement

8.20.2 LC_SoilSandDepositsSurfaceElement classes

8.20.2.1 LC_CoarseMineralFragments

The LC_CoarseMineralFragments metalanguage object s a subtype of LC_
SoilSandDepositsSurfaceElement. It has the attribute type. The permitted values of the attribute type
are described by the code list LC_CoarseMineralFragmentType. The percentage cover of the coarse
mineral fragments within the area described by that element can be described by the attribute
cover in the class LC_ElementHorizontalArrangement which is a component of LC_Element of which
LC_CoarseMineralFragments is a subtype. This metalanguage object, when instantiated, allows the
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generation of a Land Cover feature class in a Land Cover classification system for a coarse fragment
consolidated natural surface.

8.20.2.2 LC_BareSoil

The LC_BareSoil metalanguage object is a subtype of LC_SoilSandDepositsSurfaceElement. It has two
optional attributes: macropatternCoverage and type. The permitted values of the optional attribute
macropatternCoverage are described by the value object LC_PermittedPercentageRange. The permitted
values of the attribute type are described by the code list LC_MacropatternType. This metalanguage
object, when instantiated, allows the generation of a Land Cover feature class in a Land Cover
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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.

8.20.2.8 LC_CoarseMineralFragmentType

The code list LC_CoarseMineralFragmentType contains a list of fragment types. This list contains four

types:

— gravel:

— stone:

48

loose aggregation of small mineral fragments;

aggregation of small and medium mineral fragments;
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— boulder: aggregation of large mineral fragments;
— mixed: mixed coarse mineral fragment types.

This list can 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: succession of enclosed micro-basins and micro-heaps in nearly level areas or of micro-valleys
and micro-ridges that run parallel to the direction of the sIope;

— [termiteMounds: cone-shaped hills of hardened earth up to several metres high built by termite
insects. The termite mounds can be built around tree trunks or poles.

NOTE1 The two types have been included because they are the most common features in many |parts of the
world (e.g. Africa, South America, etc.).

NOTE 2  Gilgai are the micro-relief typical of Vertisols, which expand andy contract largely wjith distinct
seagonal changes in moisture content.

Thip list can be extended through registration.

8.20.2.10 LC_DuneType

The code list LC_DuneType contains a list of dune types«This list contains three types:
— |barchan: crescent-shaped dune produced by the action of wind;

— |parabolic: parabolic shaped dunes that hayé’arms that point upwind;

— |longitudinal: linear shaped dune elongated parallel to the prevailing wind.

Thif list can be extended through registration.

8.20.2.11 LC_InorganicDepeositType

The code list LC_InorganicDepositType contains a list of types of inorganic deposits. This list contains
four types:

— |salt: deposit of sait;
— |soda: depasit of mineral soda;
— |lime: deposit of lime;

— |gypsum: deposit of gypsum.

This list can be extended through registration.

8.20.2.12 LC_OrganicDepositType

The code list LC_OrganicDepositType contains a list of types of organic deposits. This list contains two
types:

— ombrothrophicPeat: peatland supplied by water from rain and snow;
— minerothrophicPeat: peatland supplied by water carrying minerals form surrounding soil.
This list can be extended through registration.

NOTE The types of peat can be described by the code list LC_PeatType.
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8.21 LC_ClassCharacteristic

8.21.1 LC_ClassCharacteristic subtypes

Additional information can be provided to further refine metalanguage objects within the LCML by
the use of Characteristics. A classification class characteristic is a component aggregated to an entire
LC_LandCoverClassDescriptor metalanguage object. An LC_LandCoverClassDescriptor metalanguage
object is instantiated to a Legend Class within a Land Cover classification system and so the
ClassCharacteristic is additional information to refine an entire class. The use of characteristics in the
LCML is optional.

These clasf characteristic subtypes apply for a whole class because they relate to the all eleméntfs in
one or morje strata defining a specific class.

—n

The comp¢nent LC_ClassCharacteristic is related to LC_LandCoverClassDescriptor by’ the relafion
characterigtic. It has five subtypes: LC_ClimateCharacteristic, LC_LandForme€haracteriftic,
LC_GeographicalAspectsCharacteristic, LC_TopographicalAspectsCharacteristic and LC
SurfaceChgracteristic. This is represented in Figure 24.

The code lists that support LC_ClassCharacteristic are shown in Figure 25.

metalanguage»
LC_LapdCoverClassStructure::
LC_LapdCoverClassDescriptor

+descfibedBy
0"*
- «metalanguage
chargcteristic LC_LandCovercClassStructure::
+describe LC_ClassCharacteristic
«metalanguage» «metalanguage»
LC_ClimateCharacteristic LC_LandFormCharacteristic
~ + type: LC_LandformType [0..1]
«metalanguage»
LC_GeographicalAspectsCharacteristic «metalanguage»
+ geoTyppe: LC_GeoType [0..1] LC_TopographicalAspectsCharacteristic
A% + altitude: LC_PermittedPosRealRange [0..1]
+ slope: LC_PermittedPercentageRange [0..1
«metalanguage» + slopeExposition: LC_SlopeExposition [0..1]
L C-SurfaceCharacteristie
«metalanguage» «metalanguage»
LC_RocksSurfaceCharacteristic LC_SoilSandDepositsSurfaceCharacteristic
+ rockType: LC_RockType [0..1] + soilType: LC_SoilType [0..1]
+ rockAgeType: LC_RockAgeType [0..1] + erosionType: LC_ErosionType [0..1]
+ sedimentationType: LC_SedimentationType [0..1]

Figure 24 — Subtypes of LC_ClassCharacteristic
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«codelist» «codelist» «codelist» «codelist»
LC_LandformType LC_RockType LC_GeoType LC_ErosionType
+ beach + waterErosionSheet
+ bay + waterErosionRill
«codelist» «codelist» + estuary + waterErosionGully
LC_SlopeExposition LC_RockAgeType + shore + gravityErosion
+ urban-periurban + iceErosion

«codelist» «codelist» AN
LC_SedimentationType LC_SoilType These codelists may be extended through
registration or new values.
Additional characteristics may be user defined.
Figure 25 — Code lists that support the LC_ClassCharacteristic object structufe

8.21.2 LC_ClassCharacteristic classes
8.21.2.1 LC_ClimateCharacteristic
Theg LC_ClimateCharacteristic component is a subtype of KC_ClassCharacteristic. Clinjate is the
stafle, including a statistical description, of the climate system. The different methods of|describing
clinpate are user-defined. At the metalanguage level this list'is empty, but it may be populatged through
reglstration. This component can be used to refine the LC_LandCoverClassDescriptor metalanguage
objéct corresponding to an entire LC_LandCoverClasswith respect to climate to permit the[generation
of ajmore specific Land Cover feature class in a Land‘Cover classification system.
8.21.2.2 LC_LandFormCharacteristic
Theg LC_LandFormCharacteristic component is a subtype of LC_ClassCharacteristic. It has one
optjonal attribute: type. The permitted yalues of the attribute type are described by the cqde list LC_
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dFormType. This component can be used to refine the LC_LandCoverClassDescriptor me
ct corresponding to an entire LC_LandCoverClass with respect to land form to permit the
more specific Land Cover féature class in a Land Cover classification system.

1.2.3 LC_GeographicalAspectsCharacteristic

LC_GeographicalAspectsCharacteristic component is a subtype of LC_ClassCharacter
optional attribute: geoType. The permitted values of the attribute geoType are descri
e list LC_GeoType. This component can be used to refine the metalanguage object cor
n entire(.C_LandCover class with respect to the geographic aspect to permit the geng
e specifie Land Cover feature class in a Land Cover classification system. The LC_Geogra
porent describes the characteristics of a particular classification class that have a

falanguage
generation

stic. It has
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ration of a
bhicAspect
yell-known

geo

btaphic type that is not Land Cover specific.

8.21.2.4 LC_TopographicalAspectsCharacteristic

The LC_TopographicalAspectsCharacteristic component is a subtype of LC_ClassCharacteristic. It has
three optional attributes: altitude, slope and slopeExposition. The permitted values of the attribute
altitude are described by the value object LC_PermittedRealRange. The permitted values of the attribute
slope are described by the value object LC_PermittedPercentageRange. The absence of the attribute
slope indicates that the value is unknown. To specify a flat surface the slope can be specified as 0. The
permitted values of the attribute slopeExposition are described by the code list LC_SlopeExposition. This
component can be used to refine the LC_LandCoverClassDescriptor metalanguage object corresponding
to an entire LC_LandCoverClass with respect to topographical aspects to permit the generation of a
more specific Land Cover feature class in a Land Cover classification system.
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8.21.2.5 LC_SurfaceCharacteristic

The LC_SurfaceCharacteristic component is a subtype of LC_ClassCharacteristic. It has two subtypes:
LC_RocksCharacteristic and LC_SoilSandDeposistsSurfaceCharacteristic.

8.21.2.6 LC_RocksSurfaceCharacteristic

The LC_RocksSurfaceCharacteristic metalanguage object is a subtype of LC_SurfaceCharacteristic. It
has two optional attributes: rockType and rockAgeType. The permitted values of the attribute rockType
are described by the code llst LC RockType The permltted Values of the attrlbute rockAgeType
are descriped-b e - : S LC_

lassDescrlptor metalanguage ob]ect correspondmg to an entlre LC LandCoverClass with
respect to focks and hardpan surface characteristics to permit the generation of a more specifie Land
re class in a Land Cover classification system.

8.21.2.7 ILIC_SoilSandDepositsSurfaceCharacteristic

The LC_YoilSandDepositsSurfaceCharacteristic metalanguage object is a“Subtype of [LC_
SurfaceChgracteristic. It has three optional attributes: soilType, erosionType and sedimentationType. [The
permitted [values of the attribute soilType are described by the code list L€ SoilType. The permitted
values of the attribute erosionType are described by the code list LC_ErosionType. The permitted
values of the attribute sedimentationType are described by the code list LC_SedimentationType. This
component can be used to refine the LC_LandCoverClassDescriptor mietalanguage object corresponding
to an entire LC_LandCoverClass with respect to unconsolidated surface characteristics to permit|the
generation|of a more specific Land Cover feature class in a Land-Cover classification system.

8.21.2.8 IiC_LandformType

The code lfst LC_LandformType contains a list of landfétrm types. At the metalanguage level this list is
empty, but|it can be populated through registration.

8.21.2.9 LIC_GeoType

The code list LC_GeoType contains a list.of characteristics. This list contains five types:
— beach:|shore of a sea, lake or ariver;

— bay: bfoad indentation in,a‘coastline;

— estuarly: mouth of a river} where the tide meets the stream;

— shore:[the land baxdering on the sea, lake or a river;

— urbanqperiurban: within or around an urban area.

This list caln be‘extended through registration.

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” or “West”. At the metalanguage level this list is empty, but it can 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 can be populated through registration.
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8.21.2.12 LC_RockAgeType

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

8.21.2.13 LC_SoilType

The code list LC_SoilType contains a list of soil types. At the metalanguage level this list is empty, but it
can be populated through registration.

8-2 -2-14 LC_EI UD;UllTleC
The code list LC_ErosionType contains a list of erosion types. This list contains five types:
— |waterErosionSheet: erosion resulting from the uniform removal of soil in thin layers;

— |waterErosionRill: erosion resulting from the concentration of surface water into deeper, faster-
flowing channels;

— |waterErosionGully: erosion which occurs when water is channelled-across unprotected land and
washes away the soil along the drainage lines;

— |gravityErosion: the transfer of rock and soil down-slope by direct action of gravity withoyt a flowing
medium;

— |iceErosion: erosion resulting from the movement of ice;'such as glaciers.

Thif list can be extended through registration.

8.21.2.15 LC_SedimentationType

The code list LC_SedimentationType contains a list of sedimentation types. Examples of such types are
waler sediment and wind sediment. At the metalanguage level this list is empty, but it can bg populated
thrpugh registration.

8.22 LC_LandCoverElementCharacteristic

8.22.1 LC_LandCoverElementCharacteristic subtypes

Additional informatiern can be provided to further refine the individual elements that are asembled to
genprate an LC_LandCoverClassDescriptor metalanguage object within the LCML by the use|of Element
Chdracteristics.An element characteristic is distinct from a classification class characteristic in that it
applies to a&pecific LC_Element. Element characteristics can be applied to specific elements or there
can|be gerteral elements defined related to the generic UML class LC_Element. The use of chafacteristics
in the KCNML is optional.

Th COTITPOITETIC e tamdtoverflementtharacteristic—sTetated—to—ECFlermment by the relation
characteristic. It has three subtypes: LC_GrowthFormCharacteristic, LC_ArtificialSurfaceCharacteristic,
and LC_WaterAndAssociatedSurfaceCharacteristic. A constraint limits the application of a specific
characteristic to either an element or a whole class. That is, the same characteristic cannot be applied at
two levels of the metalanguage hierarchy at the same time. This is represented in Figure 26.
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«metalanguage»
LC_LandCoverClassStructure::LC_Element

+characterizeBy

characteristic

+characterize | 0.*

«Characteristic attachment to element»

{An Element Characteristic may be a
-------- component of a class with the specific
constraints constraint that the characteristic can only he

{Characteristic attachment to element or class} attached to either an element or a class}

«metalanguage»
LC_LandCoverElementCharacteristic

«mjetalanguage» «metalanguage» «metalahguage»
LC_GrowthFormCharacteristic LC_NaturalSurfaceCharacteristic LC_WaterAndAssociatedSurfaceCharacteristic

7 K

«metalanguage» «metalanguage» «codelist»
LC_ArtificialSurfaceCharacteristic LC_PermafrostCharccteristic LC_PermafrostType

+ depth: LC_PermittedPosRealRange [0..1]
+ type: LC_PermafrostType [0..1]

Figure 26 — Subtypes of LC_LandCeverElementCharacteristic

8.22.2 LC|[LandCoverElementCharacteristic.classes

8.22.2.1 IiC_GrowthFormCharacteristic

The LC_GrpwthFormCharacteristic ccomponent is a subtype of LC_LandCoverElementCharacteriftic.
The growth form characteristic allows certain morphological features in common for a group of plgnts
to be specified. This componentcan be used to refine the metalanguage object corresponding t¢ an
LC_Element object with resp€etto growth form to permit the generation of a more specific Land C¢ver
feature claps in a Land Coyérclassification system.

8.22.2.2 IiC_ArtificialSurfaceCharacteristic

The LC_ArtificialSurfaceCharacteristic component is a subtype of LC_LandCoverElementCharacteritic.
This compgnent can be used to refine the metalanguage object corresponding to an LC_Element objject
with respdctifo an artificial surface characteristic to permit the generation of a more specific Liand
Cover feature class in a Land Cover classification system.

8.22.2.3 LC_WaterAndAssociatedSurfaceCharacteristic

The  LC_WaterAndAssociatedSurfaceCharacteristic  component is a subtype of LC_
LandCoverElementCharacteristic. This component can 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.

8.22.2.4 LC_NaturalSurfaceCharacteristic

The LC_NaturalSurfaceCharacteristic component is a subtype of LC_LandCoverElementCharacteristic.
This component can be used to refine the metalanguage object corresponding to an LC_Element object
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with respect to a natural surface characteristic to permit the generation of a more specific Land Cover
feature class in a Land Cover classification system. This class has one subtype: LC_Permafrost. This
characteristic can be extended by registration.

8.22.2.5 LC_PermafrostCharacteristic

The LC_PermafrostCharacteristic metalanguage objectis a subtype of LC_NaturalSurfaceCharacteristic.
It has two attributes: permafrostType and depth. The permitted value of the attribute permafrostType is
described by the enumerated value object LC_PermafrostType. The permitted values of the attribute
depth are described by the value object LC_PermittedPosRealRange.

NOT
asa

E Depth is negative to height. It is a measurable value, so it is represented as a range. A rang|
depth described over an area is a representative value.

Othler attributes can be established through registration.

8.2
Thd

P.2.6 LC_PermafrostType

code list LC_PermafrostType contains a list permafrost types. At the'metalanguage leve

empty, but it can be populated through registration.
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3 LC_GrowthFormCharacteristic

8.1 LC_GrowthFormCharacteristic subtypes

component LC_GrowthFormCharacteristic is related to the LC_VegetationElement me
ct by the relation growthFormCharacteristicssThis same relationship, of course, also ap
alanguage object LC_GrowthForm whichiis’a subtype of LC_VegetationElement. The

of its subtypes to permit the generatiotr of a more specific Land Cover feature class in a
sification system.

GrowthFormCharacteristic has 11 subtypes:
LC_FloristicAspectCharacteristic
LC_AllometricMeasdrementCharacteristic
LC_GrowthFormAgeCharacteristic
LC_BurntStatusCharacteristic
LC_DeadStatusCharacteristic

LCWaterStressCharacteristic

e value such

| this listis

LC_GrowthFormCharacteristic component is a subtype of LC_LandCoverElementChajracteristic.

falanguage
plies to the
component

GrowthFormCharacteristic can be usedto refine the metalanguage object LC_VegetationElement or

.and Cover

LC_VegetationDamageCharacteristic
LC_GrowthFormlllnessCharacteristic
LC_GrazedCharacteristic
LC_MowedCharacteristic

LC_VegetationArtificialityCharacteristic.

This is represented in Figure 27.
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LC_Element

«metalanguage»
LC_LandCoverElementCharacteristic

+characterize

«metalanguage»
LC_Vegetation::LC_VegetationElement

«metalanguage»
LC_FloristicAspectsCharacteristic

growthFormCharacteristics

+characterizeBy 0.*

«metalanguage»

+

sp¢ciesName: LC_SpeciesName [0..*]

«metalanguage»
L¢_AllometricMeasurementsCharacteristic

+ trunkDiameter: LC_PermittedPosRealRange [0..1]
+ crowinDiameter: LC_PermittedPosRealRange [0..1]

—1> LC_GrowthFormCharacteristic h

«codelist»

«metalanguage»

LC_GrowthFormAgeCharacteristic <e— «metalanguage»

LC_SpeciesName

~ N

LC_EvenAgeCharacteristic

ag¢: LC_PermittedPosRealRange [0..1]

«metalanguage»
LC_BurntStatusCharacteristic

o

“metalanguage»

L€ UnevenAgeCharacteristic

perfentage: LC_PermittedPercentageRange [0..1]

«metalanguage»
LC_VegetationDamageCharacteristic

+ percentdge: LC_PermittedPercentageRange [0..1]

«codelist»

perfentage: LC_PermittedPercentageRange [0..1]
danpageType: LC_VegetationDamageType [0..1]

«metalanguage»
LC_GrowthFormlIllnessCharacteristic

LC_VegetationDamageType

«codelist»

percentage: LC_PermittedPercentageRange [0..1].'
tyge: LC_GrowthFormlllnessType [0..1]

«metalanguage»
LC_DeadStatusCharacteristic

LC_GrowthFormlllnessType

perfentage: LC_PermittedPercentageRange [0..1]

«metalanguage»
LC_WaterStress€Characteristic

perfentage: LC_PerfyittédPercentageRange [0..1]

A

«metalanguage»
L€_GrazedCharacteristic

intensitys LC_PermittedPercentageRange [0..1]

«metalanguage»
LC_NaturalOrSeminaturalVegetationCharacteristic

«metalanguage»

LC_MowedCharacteristic

«metalanguage»

LC_CultivatedAndManagedVegetationCharacteristid

«metalanguage»

LC_VegetationArtificialityCharacteristic <}

Figure 27 — Subtypes of LC_GrowthFormCharacteristic
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8.23.2 LC_GrowthFormCharacteristic classes

8.23.2.1 LC_FloristicAspectsCharacteristic

The LC_FloristicAspectsCharacteristic 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 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 can 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.
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trumkDiameter are described by the value object LC_PermittedPosRealRange. The permitted v

atty
can
objé
gen

8.2

The
one
LC_
can
clag

E
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At the meta language level the code list SpeciesName is empty. It can be populated byre

e where possible.

8.2.2 LC_AllometricMeasurementsCharacteristic

LC_AllometricMeasurements component is a subtype of LC_GrowthFermCharacteri
optional attributes: trunkDiameter and crownDiameter. The permitted values of th

ibute crownDiameter are described by the value object LC_PermittedPosRealRange. This
be used to refine the metalanguage object corresponding, to' an LC_GrowthFormChz:
ct with respect to its allometric measurement characteristics of the growth form, to
eration of a more specific Land Cover feature class in a.Land Cover classification system.

B.2.3 LC_GrowthFormAgeCharacteristic

LC_GrowthFormAgeCharacteristic componentis a subtype of LC_GrowthFormCharacte
optional attribute: age. The permitted valugs of the attribute age are described by the v}
PermittedPosRealRange. It also has two subtypes: LC_EvenAge and LC_UnevenAge. This
be used to refine the metalanguage object corresponding to an LC_GrowthFormCharactg
s with respect to the age of a specific vegetative layer, to permit the generation of a m

pistrationor
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stic. It has
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hlues of the
Component
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Land Cover feature class in a Land Gover classification system.

8.28.2.4 LC_EvenAgeCharacteristic
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LC_EvenAgeCharacteristic component is a subtype of LC_GrowthFormAgeCharacteristic.
component can_be used to refine the metalanguage object corresponding fo an LC_
wthFormAgeCharacteristic object with respect to the age of a specific vegetative layer, where there
h even age withiff the growth form strata, to permit the generation of a more specific Land Cover
ure class in alkand Cover classification system.

b

EXA
the

MPLE An example would be an afforestation where the trees are planted at the same timg, but where

forestiisinot necessarily managed. This is different from a forest that follows a full natural cycle.

82 Chanaak rekia
. 7T _ CCIIAaraceCrIstac

The LC_UnevenAgeCharacteristic component is a subtype of LC_GrowthFormAgeCharacteristic. It
has one optional attribute: percentage. The permitted values of the attribute percentage are described
by the value object LC_PermittedPercentageRange. This attribute describes the percentage of each
group of plants having the same age. This component can be used to refine the metalanguage object
corresponding to an LC_GrowthFormAgeCharacteristic class with respect to the age of a specific
vegetative layer, to permit the generation of a more specific Land Cover feature class in a Land Cover
classification system.

EXAMPLE A forest inventory can use this characteristic, where the percentage of the different age groups of
plants can be recorded.
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8.23.2.6 LC_BurntStatusCharacteristic

The LC_BurntStatusCharacteristic 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_PermittedPercentageRange. 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 can 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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petationDamageCharacteristic component is a subtype of LC_GrowthFormCharacteri
attributes: percentage and optionally damageType. The permitted values of thelattril
are described by the value object LC_PermittedPercentageRange. The permitted valug
te damagelype are described by the enumerated value object LC_VegetationDamageT)
ponent can be used to refine the metalanguage object correspending to an
mCharacteristic object with respect to water stress to permit the generation of a n
hd Cover feature class in a Land Cover classification system.

C_GrowthFormlllnessCharacteristic

pwthFormlllnessCharacteristic component is a subtype of\LC_GrowthFormCharacteristi
tributes: percentage and optionally type. The permitted‘values of the attribute percent
ed by the value object LC_PermittedPercentageRange.yThe permitted values of the attril
scribed by the code list LC_GrowthFormlllnessType. This component can be used to re
nguage object corresponding to an LC_GrowthEormCharacteristic object with resped
m illness, to permit the generation of a more\specific Land Cover feature class in a L
ification system.

C_DeadStatusCharacteristic

hdStatusCharacteristic componént'is a subtype of LC_GrowthFormCharacteristic. It has
tribute: percentage. The permitted values of the attribute percentage are described by
t LC_PermittedPercentageRange. This attribute describes the percentage of a growth f
died. This component ¢an-be used to refine the metalanguage object corresponding tq
FormCharacteristic ghject with respect to dead status, to permit the generation of a n
hd Cover feature classin a Land Cover classification system.

LC_WaterStressCharacteristic

iterStressGharacteristic component is a subtype of LC_GrowthFormCharacteristic. It
te: percentage. The permitted values of the attribute percentage are described by the v
PerinittedPercentageRange. This attribute describes the percentage of plants that
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LC_GrowthFormCharacteristic object with respect to water stress, to permit the generation of a more
specific Land Cover feature class in a Land Cover classification system.

8.23.2.11

LC_GrazedCharacteristic

The LC_GrazedCharacteristic component is a subtype of LC_GrowthFormCharacteristic. It has one
attribute: intensity. This component can be used to refine the metalanguage object corresponding to
an LC_GrowthFormCharacteristic object with respect to the grazing of a specific vegetative layer, to
permit the generation of a more specific Land Cover feature class in a Land Cover classification system.
LC_GrazedCharacteristic addresses only the physiognomic appearance of grazed land. The attribute
intensity describes the intensity of grazing on percentage basis, from light to heavy grazing, represented
as a LC_PermittedPercentageRange. The Land Use activity of grazing is described in ISO/TS 19144-3.
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8.23.2.12 LC_MowedCharacteristic

The LC_MowedCharacteristic component is a subtype of LC_GrowthFormCharacteristicCharacteristic.
This component can 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. LC_
MowedCharacteristic addresses only the physiognomic appearance of mowed land. The Land Use
activity of mowing is described in ISO/TS 19144-3.

8.23.2.13 LC_VegetationArtificialityCharacteristic

Theg LC_VegetationArtificialityCharacteristic component is a subtype of LC_GrowthFormChajracteristic.
It has two subtypes: LC_NaturalOrSeminaturalVegetationCharacteristic nd LC_
CultivatedAndManagedVegetationCharacteristic. This component can be used|/to fefine the
metlalanguage object corresponding to an LC_GrowthFormCharacteristic object with respect to the
artificiality of a specific vegetative layer, to permit the generation of a more spegific Land Coper feature
clags in a Land Cover classification system.

8.28.2.14 LC_NaturalOrSeminaturalVegetationCharacteristic

Thg LC_NaturalOrSeminaturalVegetationCharacteristic compenent is a subtype[ of LC_
VegetationArtificialityCharacteristic. This component can be used to refine the metalangyiage object
corfesponding to an LC_VegetationArtificiality object withstespect to the artificiality of a specific
vegptative layer, to permit the generation of a more specific‘\Land Cover feature class in a Land Cover
clagsification system.

8.28.2.15 LC_CultivatedAndManagedVegetationCharacteristic

Thg LC_CultivatedAndManagedVegetationCharacteristic component is a subtypel of LC_
VegetationArtificialityCharacteristic. This egomponent can be used to refine the metalangiyiage object
corresponding to an LC_VegetationArtificiality object with respect to the artificiality of a specific
vegptative layer, to permit the generation of a more specific Land Cover feature class in a Land Cover
clagsification system.

8.28.2.16 LC_SpeciesName

The code list LC_SpeciesName contains a list of species names. At the metalanguage level| this list is
empty, but it can be populated through registration.

8.28.2.17 L€ _VegetationDamageType

The code list)'LC_VegetationDamageType allows a list of damage types to be described. At the
metflalanguage level this list is empty, but it can be populated through registration.

8.28.2/18 LC_GrowthFormlillnessTvpe

The code list LC_GrowthFormlllnessType allows a list of growth form illness types to be described. At
the metalanguage level this list is empty, but it can be populated through registration.

8.24 LC_NameAttributionCriteria

8.24.1 LC_NameAttributionCriteria subtypes

The LC_NameAttributionCriteriaCharacteristic metalanguage object is a component of LC_
FloristicAspectCharacteristic through the relationship nameAttributionCriteria and has two subtypes:
LC_SinglePlantSpeciesCharacteristic and LC_GroupOfPlantSpeciesCharacteristic. These two subtypes
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correspond to the two cases where a floristic name is derived from a single plant species or a group of
plant species.

This component can be used to refine the metalanguage object corresponding to an LC_
FloristicAspectCharacteristic 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 28.

LC _GrowthFormCharacteristic

«metalanguage» ! nameAttributionCriteria

LC_FloristicAspectsCharacteristic
+nameOf

+ speciegsName: LC_SpeciesName [0..%]

+name |0.1

«metalanguage» «codelist»
LC_NameAttributionCriteriaCharacteristic LC_SpeciesName
«metalanguage» &metalanguage»
LC_SinglePlantSpeciesCharacteristic LC_GroupOfPlantSpeciesCharacteristig
type: LC_SinglePlantSpeciesType [0..1] + typesLC_GroupOfPlantSpeciesType [0..1]
«codelist» «codelist»
LC_SinglePlantSpeciesType LC_GroupOfPlantSpeciesType
dominant + statisticallyDerivedPlantGroup
mostFrequent + nonStatisticallyDerivedPlantGroup

Figure 28 — Subtypes of LC_NameAttributionCriteria

8.24.2 LC[NameAttributionCriteria classes

8.24.2.1 IiC_NameAttributionCriteriaCharacteristic

The LC_NgmeAttributionCriteriaCharacteristic component metalanguage object is a componenf of
LC_FloristicAspectsCharacteristic. It has two subtypes: LC_SinglePlantSpeciesCharacteristic and [LC_
GroupOfPlantSpeciesCharacteristic.

8.24.2.2 IiC SinglePlantSpeciesCharacteristic

The LC_SinglePlantSpeciesCharacteristic component metalanguage object is a subtype of LC_
NameAttributionCriteriaCharacteristic. It has one optional attribute: type. The permitted values of the
attribute type are described by the code list LC_SinglePlantSpeciesType.

8.24.2.3 LC_GroupOfPlantSpeciesCharacteristic

The LC_GroupOfPlantSpeciesCharacteristic component metalanguage object is a subtype of LC_
NameAttributionCriteriaCharacteristic. It has one optional attribute: type. The permitted values of the
attribute type are described by the code list LC_GroupOfPlantSpeciesType.
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8.24.2.4 LC_SinglePlantSpeciesType

The code list UML class LC_SinglePlantSpeciesType contains a list of characteristics of plant species
naming criteria. This list contains two types:

Thi

8.2f£.2.5 LC_GroupOIPIantSpeciesType
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dominant: dominant plant species type;
mostFrequent: most frequent plant species type.

s list can be extended through registration.

code list LC_GroupOfPlantSpeciesType contains a list of types of methods used for ham
ants. This list contains two types:

statisticallyDerivedPlantGroup: statistically derived plant species type;
nonStatisticallyDerivedPlantGroup: non-statistically derived plant spekies type.

5 list can be extended through registration.
5 LC_CultivatedAndManagedVegetationCharacteristic

5.1 LC_CultivatedAndManagedVegetationCharacteristic subtypes

LC_CultivatedAndManagedVegetationCharacteristic component is a subtype

‘esponding to an LC_VegetationArtificialityCharacteristic object with respect to the artif
Cific vegetative layer to permit the generatiod of a more specific Land Cover feature clas
er classification system.

ivatedAndManagedVegetation has 7'subtypes:
LC_CropYieldCharacteristic;
LC_PlantationCharacteristic;
LC_CropGrowingParameterCharacteristic;
LC_WaterSupplyPeriodCharacteristic;
LC_FieldSizéCharacteristic;
LC_MechanicalErosionControlCharacteristic;

LC<PloughedCharacteristic.

ing groups

of LC_

etationArtificialityCharacteristic. This component can be used to refine the metalangyage object
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s in a Land
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LC_VegetationArtificialityCharacteristic

«metalanguage»
LC_CultivatedAndManagedVegetationCharacteristic

A

«metalanguage»
LC_CropYieldCharacteristic

+ yield: LC_PermittedPosRealRange [0..1]

«metalanguage»
LC_PlantationCharacteristic

«metalanguage» I
LC_TreePlantationCharacteristic A

«metalanguage»
AN LC_OrchardAndOtherPlantationCharacteristic

Unit of Measpre (uom) is by
default months for the
attributes sepdingTime and
growingLength. The value of it «metalanguage»

seedingTimgis with respect to LC_CropGrowingParameterCharacteristic

January as mjonth 1.

2

+ seedingTime: LC_PermittedPosIntegerRange [07:1}
+ growingLength: LC_PermittedPosIntegerRdnge [0..1]
+ overlapGrowing: LC_PermittedPercentageRange [0..1]

+overlapOf 1
. «metalanguage»
N COdehSt.» overlapGrowing 0.* LC_OverlapGrowingToReferenceCropCharacteristic
LC_MechanigalErosionControlType

+overlap | 4 growingPefiddPercentage: LC_PermittedPercentageRange [0..1

+ contourlfloughing
terracin,
+ windBrepk wimetalanguage»

LC_WaterSupplyPeriodCharacteristic

+

+ rainfedPercentage: LC_PermittedPercentageRange [0..1]
«codelist» + postflooditigPercentage: LC_PermittedPercentageRange [0..1]
LC_IrrigationType + irrigatiohPercentage: LC_PermittedPercentageRange [0..1]
+ irrigationType: LC_IrrigationType [0..1]
+ surface
+ sprinkle L —
+_drip «metalanguage»

LC_FieldSizeCharacteristic

+ size: LC_PermittedPosRealRange [0..1]

«metalanguage»
LC_MechanicalErosionControlFeatureCharacteristic

+ type: LC_MechanicalErosionControlType [0..1]

«metalanguage»
LC_PloughedCharacteristic

Figure 29 — Subtypes of LC_CultivatedAndManagedVegetationCharacteristic

8.25.2 LC_CultivatedAndManagedVegetationCharacteristic classes

8.25.2.1 LC_CropYield

The LC_CropYieldCharacteristic component metalanguage object is a subtype of LC_
CultivatedAndManagedVegetationCharacteristic. It has one attribute: yield. The permitted values of the
attribute yield are described by the value object LC_PermittedPosRealRange. There is no default value
for the unit of measure (uom) for the attribute yield, so the attribute uom, available as part of the LC_
PermittedPosRealRange, will need to be used. This component can be used to refine the metalanguage
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object corresponding to an LC_CultivatedAndManagedVegetationCharacteristic object to permit the
generation of a more specific Land Cover feature class in a Land Cover classification system.

8.25.2.2 LC_PlantationCharacteristic

The LC_PlantationCharacteristic component metalanguage object is a subtype of LC_
CultivatedAndManagedVegetationCharacteristic.lthastwosubtypes:LC_ForestPlantationCharacteristic
and LC_OrchardAndOtherPlantationCharacteristic. This component can be used to refine the
metalanguage object corresponding to an LC_CultivatedAndManagedVegetationCharacteristic object to
permit the generation of a more specific Land Cover feature class in a Land Cover classification system.

8.25.2.3 LC_TreePlantationCharacteristic

e of LC_
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Theg LC_TreePlantationCharacteristic component metalanguage object is a~°subtyp
PlaptationCharacteristic. The purpose of the plantation is to produce trees such as for timber
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The plants are cyclically harvested. This class addresses only the biophysical physiogna
plantation. This component can be used to refine the metalanguage object correspor
CultivatedAndManagedVegetationCharacteristic object, by indicating that it is forest plz
it the generation of a more specific Land Cover feature class in a Land Cover classificati

b.2.4 LC_OrchardAndOtherPlantationCharacteristic

LC_OrchardAndOtherPlantationCharacteristic component’' metalanguage object is a
PlantationCharacteristic. The purpose of the plantation‘is to produce an output from
h as a crop. The plants remain. This component can’be used to refine the metalangt
responding to an LC_CultivatedAndManagedVegetationCharacteristic object, by indicati
hard or other plantation, to permit the generatien of a more specific Land Cover featur
d Cover classification system.

b.2.5 LC_OverlapGrowingToReferenceéCropCharacteristic

component  LC_OverlapGrowingToReferenceCropCharacteristic ~ is  related
ibute: growingPeriodPercentage. The permitted values of the attribute growingPeriod
described by the yvalue object LC_PermittedPercentageRange. The compd
rlapGrowingToReference€ropCharacteristic can be used to refine the metalanguage
pGrowingParameterCharacteristic to permit the generation of a more specific Land Co
s in a Land Cover ¢lassification system. This component allows for the description of int|
ivation. This oceurs when the second crop begins to grow during the growth period

b. This is in addition to a description of the sequentialTemporalRelationship.
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EXAMPLE An example is the growth of beans intercropped after some time with chick peas in Rwanda and
Burpindi.
8.25.206 LC_CropGrowingParameter

The

LC_CropGrowingParameter component metalanguage object is a

subtype

of LC_

CultivatedAndManagedVegetation. It has three optional attributes: seedingTime, growingLength and
overlapGrowing and a component LC_OverlapGrowingToReferenceCrop. The permitted values of the
attribute seedingTime are described by the value object LC_PermittedPosIntegerRange. The permitted
values of the attribute growingLength are described by the value object LC_PermittedPosIntegerRange.
The Unit of Measure (uom) for these two attributes is by default months. This can be changed by the use
of the uom attribute to the value object LC_PermittedPosIntegerRange. The value of seedingTime uses
January as month 1.

The permitted values of the attribute overlapGrowing are described by the value object LC_
PermittedPercentageRange. This component can be used to refine the metalanguage object
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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_WaterSupplyPeriodCharacteristic

The LC_WaterSupplyPeriodCharacteristic = metalanguage object is a subtype of LC_
CultivatedAndManagedVegetationCharacteristic. It has four optional attributes: rainfedPercentage,
postfloodingPercentage, irrigationPercentage and irrigationType. The permitted values of the attributes
rainfedPercentage, postfloodingPercentage, and irrigationPercentage are described by the value object
LC PermlttedPercentageRange The permltted values of the attrlbute type are descrlbed by the code

list LC_Irriga
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8.25.2.10

LCL

ultlvatedAndManagedVegetatlonCharacterlstlc object to permlt the generatlon of 4 1
hd Cover feature class in a Land Cover classification system.

C_FieldSizeCharacteristic

FieldSizeCharacteristic metalanguage object is a subtype of
AndManagedVegetationCharacteristic. It has one attribute: size. LC_FieldSizeCharacteri
eometric shape of the instance. It corresponds to the size of individual fields or plots wi
c area. The optional size attribute relates to size of the individual'fields or plots with
hrea and is an indication of the type of agriculture being perfonmed.

p.

ted values of the attribute size are described by the value object LC_PermittedPosRealRa

ponent can be used to refine the metalangtiage object corresponding to an

AndManagedVegetationCharacteristic object to“permit the generation of a more spe
feature class in a Land Cover classification system.

C_MechanicalErosionControlFeatureCharacteristic

bchanicalErosionControlFeature€haracteristic metalanguage object is a subtype of
AndManagedVegetationCharacteristic. It has one optional attribute: type. The permi
he attribute type are described by the code list LC_MechanicalErosionControlFeatureT)
ponent can be used to refine the metalanguage object corresponding to an
AndManagedVegetationCharacteristic object to permit the generation of a more spe
feature class in a Land Cover classification system. The result of a human activity can re

sult in specifichand Cover features.

Examples-of the LC_MechanicalErosionControlFeatureCharacteristic are terracing or con
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ore
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A large geometric area can be covered by a few major industrial farms, or many small mafrket

hge.
LC_
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LC_
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bnomic modificatien/of a land aspect. This is the case for a human activity for erosion conjtrol

four

The LC

_PloughedCharacteristic metalanguage object is a subtype of

LC_

CultivatedAndManagedVegetationCharacteristic. This component can 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. LC_
PloughedCharacteristic addresses only the physignominic appearance of plougher land. The Land Use
activity of plowing is described in ISO/TS 19144-3.

8.25.2.11 LC_IrrigationType
The code list LC_IrrigationType contains a list of irrigation types. This list contains three types:
— surface: surface irrigation type;
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sprinkler: sprinkler irrigation type;

drip: drip irrigation type.

This list can be extended through registration.

8.25.2.12 LC_MechanicalErosionControlFeatureType

The code list LC_MechanicalErosionControlFeatureType contains a list of mechanical erosion control
types. This list contains three types:

Thif list can be extended through registration.

8.216b LC_ArtificialSurfaceCharacteristic

8.2

The
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contourPloughing: contour ploughing erosion control;
terracing: terracing erosion control;

windBreak: wind break erosion control.

b.1 LC_ArtificialSurfaceCharacteristic subtypes

component LC_ArtificialSurfaceCharacteristic is related to the LC_ArtificialSurfd
alanguage object by the relation artificialSurfaceCharacteristic. It has three

ficialSurfaceDamageCharacteristic. There can‘be 0 to many LC_ArtificialSurfaceCharg
pciated with LC_ArtificialSurfaceElement. The'component LC_ArtificialSurfaceCharacter
d to refine the metalanguage object LC_ArtificialSurfaceElement to permit the generatio
Cific Land Cover feature class in a Land Gover classification system. This is represented ix

LC_ArtificialSurfaceCharacteristic component is a subtype.of LC_LandCoverElementChajracteristic.

ceElement
subtypes:

ConstructionStatusCharacteristic, LC_ArtificialSurfaceCategoryCharacteristic and LC

cteristic(s)
stic can be
h of a more

Figure 30.
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«metalanguage»
LC_LandCoverElementCharacteristic —
LC_AbioticElement
+characteristicOf]
«metalanguage»
artificialSurfaceCharacteristic LC_Abiotic::LC_ArtificialSurfaceElement
+characteristic| 0-*
«metalanguage»
LC_ArtificialSurfaceCharacteristic
«metalanguage» «metalanguage»
LC_CgnstructionStatusCharacteristic LC_ArtificialSurfaceDamageCharacteristic
+ age: LC_PermittedPosRealRange [0..1] + percentage: LC_PermittedPercentageRange [0..1]
+ type: C_ConstructionStatusType [0..1] + damageType: LC_ArtificialDamageType [0..1]
«metalanguage»
LC_ArtificialSurfaceCategoryCharacteristic :
+ type: LC_ArtificialSurfaceType [0..1] N «codelist»

LC_ConstructionStatusTyp|

[+

+ finished
«codelist» «codelist» in_progress
LC_ArtificialSurfaceType LC_ArtificialDamageType + abandoned

+

Figure 30 — Subtypes of LC_ArtificialSurfaceCharacteristic

8.26.2 LC|ArtificialSurfaceCharacteristic classes

8.26.2.1 IIC_ConstructionStatusCharacteristic

The LC_ConstructionStatus€haracteristic component metalanguage object is a subtype of [LC_
ArtificialS@irfaceCharacteristic. It has two optional attributes: age and type. The permitted valuegs of
the attribute age are dé&scribed by the value object LC_PermittedPosRealRange. The permitted values
of the attribute typé are described by the code list LC_ConstructionStatusType. This component can be
used to refine the metalanguage object corresponding to an LC_ArtificialSurfaceCharacteristic ML
class to permit.the generation of a more specific Land Cover feature class in a Land Cover classification
system.

8.26.2.2 LC_ArtificialSurfaceCategoryCharacteristic

The LC_ArtificialSurfaceCategoryCharacteristic component metalanguage object is a subtype of LC_
ArtificialSurfaceCharacteristic. It has one optional attribute: type. The permitted values of the attribute
type are described by the code list LC_ArtificialSurfaceType. This component can be used to refine the
metalanguage object corresponding to an LC_ArtificialSurfaceCharacteristic UML class to permit the
generation of a more specific Land Cover feature class in a Land Cover classification system.

8.26.2.3 LC_ArtificialSurfaceDamageCharacteristic

The LC_ArtificialSurfaceDamageCharacteristic component  is a subtype of LC_
ArtificialSurfaceCharacteristic. It has two attributes: percentage and optionally damageType.
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The permitted values of the attribute percentage are described by the value object LC_
PermittedPercentageRange. The permitted values of the attribute damageType are described by
the enumerated value object LC_ArtificialDamageType. This component can 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

clas

sification system.

8.26.2.4 LC_ArtificialDamageType

The code hst LC Art1f1c1alDamageType allows a hst of damage types to be described. At the

meyara
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empty, but it can be populated through registration.
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b.2.5 LC_ArtificialSurfaceType

face type describes the generic name of an artificial surface. This name,isdefined in
's external aspect/appearance and its generic intended use. At the metalanguage level

b.2.6 LC_ConstructionStatusType

code list LC_ConstructionStatusType contains a list of types/describing the status of co
5 list contains three types:

finished;
in-progress;
abandoned.

5 list can be extended through registration.
7 LC_WaterAndAssociatedSurfaceCharacteristic

/.1 LC_WaterAndAssociatedSurfaceCharacteristic subtypes

LC_WaterAndAssociatedSurfaceCharacteristic = component is a  subtype
dCoverElementCharacteristic. The LC_WaterAndAssociatedSurfacesCharacteristic me
ct is a componént’ related to the LC_WaterBodyAndAssociatedSurfaceElement me
ct by the relation waterBodyAndAssociatedSurfaceCharacteristic. It has five sub
ficialityChataeteristic, LC_WaterSalinityCharacteristic,
[ceCategoryCharacteristic and LC_WaterChemistryCharacteristicc. The compo
erAndAssociatedSurfaceCharacteristic can be used to refine the metalanguage
erBodyAndAssociatedSurfaceElement to permit the generation of a more specific L

code list LC_ArtificialSurfaceType allows a list of surface types to be described. The artificial

hccordance
this list is

nstruction.

of LC_
falanguage
falanguage
fypes: LC_

LC_SnowCategoryChalracteristic,

hent LC_
bbject LC_
and Cover

ure, class in a Land Cover classification system. This is represented in Figure 31.
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«metalanguage»
LC_LandCoverElementCharacteristic

LC_AbioticElement

waterBodyAndAssociatedSurfaceCharacteristic «metalanguage»
+characteristicOf LC_Abiotic::
+characteristic| o _* LC_WaterBodyAndAssociatedSurfaceElement
«metalanguage»

LC_WaterAndAssociatedSurfaceCharacteristic

vy

«metalanguage» «metalanguage»
LC_WaterSalinityCharacteristic LC_IceCategoryCharacteristic
+ type: LC_WaterSalinityType [0..1] + type: LC_IceType [0..1]
«npetalanguage» «metalanguage» «metalanguage»
LC_ArtjficialityCharacteristic LC_SnowCategoryCharacteristic LC_WaterChemistryCharacteristif
+ type: LL_ArtificialityType [0..1] + type: LC_SnowType [0..1] + _AlitrientLevel: LC_NutrientLevel [0..1]
«coflelist» «codelist» «codelist» «codelist»
LC_WatgrSalinityType LC_ArtificialityType LC_SnowType LC_NutrientLevel
+ fresh + natural S + oligotrophic
+ brackigh + artificial . + mesotrophic
: «codelist» .
+ saline LC IceTvpe + eutrophic
+ brine - yp

Figure 31 — Subtypes of LC/WaterAndAssociatedSurfaceCharacteristic

8.27.2 LC|WaterAndAssociatedSurfaceCharacteristic classes

8.27.2.1 IC_ArtificialityCharaeteristic

The LC_ArtificialityCharaeteristic component metalanguage object is a subtype of [LC_
WaterAndfAssociatedSurfacesCharacteristic component. It has one optional attribute: type.
The permitted values of the attribute type are described by the code list LC_ArtificialityType.
The component “IC_Artificiality can be wused to refine the metalanguage object [LC_
WaterBodyAnd AssociatedSurfaceElementCharacteristic to permit the generation of a more speg¢ific
Land Cover feature class in a Land Cover classification system.

8.27.2.2 LC_WaterSalinityCharacteristic

The LC_WaterSalinityCharacteristic component metalanguage object is a subtype of LC_
WaterAndAssociatedSurfacesCharacteristic component. It has one optional attribute: type. The
permitted values of the attribute type are described by the code list LC_WaterSalinityType.
The component LC_WaterSalinity can be used to refine the metalanguage object LC_
WaterBodyAndAssociatedSurfaceElementCharacteristic to permit the generation of a more specific
Land Cover feature class in a Land Cover classification system.
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8.27.2.3 LC_SnowCategoryCharacteristic

The LC_SnowCategoryCharacteristic component metalanguage object is a subtype of LC_
WaterAndAssociatedSurfacesCharacteristic component. It has one optional attribute: type.
The permitted values of the attribute type are described by the code list LC_SnowType.
The component LC_SnowCategory can be used to refine the metalanguage object LC_
WaterBodyAndAssociatedSurfaceElementCharacteristic to permit the generation of a more specific
Land Cover feature class in a Land Cover classification system.

8.27.2.4 LC_IceCategoryCharacteristic

The LC_IceCategoryCharacteristic component metalanguage object is a subtype of LC_
WaterAndAssociatedSurfacesCharacteristiccomponent.lthasoneoptionalattribute: type, Ph¢ permitted
valyes of the attribute type are described by the code list LC_IceType. The component LC|IceCategory can
be :ﬁsed to refine the metalanguage object LC_WaterBodyAndAssociatedSurfaceElementChdracteristic
to permit the generation of a more specific Land Cover feature class in a Land' Cover clgssification
system.

8.27.2.5 LC_WaterChemistryCharacteristic

The LC_WaterChemistryCharacteristic component is a subtype of LC_
WaterAndAssociatedSurfacesCharacteristic. It has one attributéynutrientLevel. The permittdd values of
thelattribute nutrientLevel are described by the value object-IiC) NutrientLevel. This component can be
usefl to refine the LC_WaterBodyAndAssociatedSurfaceElementCharacteristic to permit the|generation
of ajmore specific Land Cover feature class in a Land Covelclassification system.

8.27.2.6 LC_ArtificialityType

The code list LC_ArtificialityType contains alist of artificiality types. This list contains fwo types:
natfiral and artificial. The list can be extended through registration.

8.27.2.7 LC_WaterSalinityType

The code list LC_WaterSalinityType contains a list of water salinity types. This list contains ffour types:
fredh, brackish, saline and brinée:The list can be extended through registration.

8.27.2.8 LC_SnowType

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

8.27.2.9 LC.lceType

The codelist LC_IceType contains a list of ice types. At the metalanguage level this list is efapty, but it
can|b€populated through registration. Iln

8.27.2.10 LC_NutrientLevel

The code list LC_NutrientLevel contains a list of nutrient levels. This list contains three types:
oligotrophic, mesotrophic and eutrophic. This list can be extended through registration.

8.28 LC_ValueObject permitted numeric values

8.28.1 LC_ValueObject general description

The LC_ValueObject is a metalanguage object that describes how permitted numerical values at
the metalanguage level can be instantiated to the basic number types at the type level. These are
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descriptors of permitted types, not actual attributes. Actual number types can be assigned at the
Legend or Application Schema level of instantiation.

The basic number types are defined in ISO 19103 and are required for implementation of this
document. The LC_ValueClass metalanguage object is an abstract supertype of the three abstract
metalanguage value objects LC_PermittedRealValueType, LC_PermittedPercentageValueType and LC_
PermittedIntegerValueType. Each of these value objects have subtypes that describe a number and a
range. Each of the value objects is described by a constraint that characterizes the type of numerical

entity that

can be represented by the value object. This is represented in Figure 32.

The LC_PermittedRealValue, LC_PermittedPosRealValue, LC_PermittedPercentageValue and LC_

PermittedPosIntegerValue objects can be extended into a range, where the inherited attribute basel/
becomes the minimum value of the range and a new attribute maxValue describes the maximum,v

of the rang

These valy
classificati

c.

e objects are generators for the actual value objects that will appear intinstances
bn system generated using the LCML. The result of instantiating these,objects are v

classes taken from the basic types provided in ISO 19103. The results of instantidting a classifica

system arg
objects hay
level, to pr

objects that carry actual values. In the various examples given in, this document, v
e been instantiated from the metalanguage level to the type leveband then to the instd
bduce real objects as needed in an example.

nlue
hlue

pf a
hlue
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hlue
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LC ValueObject
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«metalanguage»
LC_PermittedRealValueType «metalanguage» negative. Negative values are depths and
+ uom: UnitOfMeasure [0.1] 1 LC_PermittedRealRange positive values are heights.
constraints + maxValue: Real [0..1]
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LC_PermittedRealValue
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«interface»
Numerics::Number

+ value: Real

AN

A PermittedRealValue may be positive or

AN

{uomDefault : uomDefault = MKS

The UnitOfMeasure interface class is
defined by ISO 19103 and is established
to be default Metric MKS. The Units of
Measure may be expressed in any other
units.

The optional attribute uom allows for Unit

of Measure to be specified for specific
Value Object classes when they are
different than the default.}

«metalanguage»
LC_PermittedIntegerValueType

+ uom: UnitOfMeasure [0..1]

constraints
{uomDefault = MKS}

«metalanguage»
LC_PermittedPercentageValueType

LC_PermittedPosRealValue

+ baseValue: Real

<] LC_PermittedPercentageValue|

«metalanguage»
LC_PermittedPosRealRange

+ maxValue: Real [0..1]

constraints
{baseValue >= 0.0}

constraints
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{baseValue >= 0.0}

/
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«metalanguage»
LC_PermittedPosIntegerRange

+ maxValue: Integer [0..1]
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«metalanguage»
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{baseValue <= 100.0}

«metalanguage»

ILC_PermittedPercentageRange )

+ maxValue: Real [0..1]
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{maxValue >= baseValue}
{baseValue >= 0.0}
{maxValue <= 100.0}
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Figure 32 — LC_ValueObject

8.28.2 LC_ValueObject types

8.28.2.1 LC_ValueObject

© IS0 2023 - All rights reserved

LCML defines a set of value objects at the metalanguage level that can 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 19103-defined
basicTypes. It has three subtypes: LC_PermittedRealValueType, LC_PermittedPercentageValueType,
and LC_PermittedIntegerValueType.
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The UnitOfMeasure interface class is defined by ISO 19103 and is established to be default Metric MKS
(Metres, Kilograms, Seconds), as per “The International System of Units”.[48] The units of measure may
be expressed in any other units by the use of the uom attribute on LC_PermittedRealValueType and
LC_PermittedIntegerValueType. The optional attribute uom allows for unit of measure to be specified
for specific Value Object classes when they are different than the default.

8.28.2.2 Number

Number is a UML class from the ISO 19103 basicTypes package to which the subtypes of LC_ValueObject
can be instantiated when describing a particular Land Cover classification system with the LCML
metalangUhsc lAlUdC}.

8.28.2.3 ILC_PermittedRealValueType

The LC_Pe
metalangul

'mittedRealValueType metalanguage object is a subtype of LC_ValueObject. It is*an abstfact
hge object for the various types of real number values permitted in the<metalangyage
whose subtypes can be instantiated as a real number type using the Real type fronithe basic Primiftive
Types package in ISO 19103, with constraints. It has three subtypes: LC_PermittedRealValue, [LC_
PermittedPosRealValue and indirectly LC_PermittedPosRealRange.

The
[48]

LC_Permit
interface c
The Units

of Measuré
The const}
measure ig
to uomlden

rfedRealValueType has the attribute uom which optionally specifies the Unit of Measure.
ass UnitOfMeasure is defined in accordance with ISO 191034nd is by default Metric MKS§
pf Measure can be expressed in any other units. The optional attribute uom allows for Unit
to be specified for specific Value Object classes when they are different than the defjult.
aint uomDefault indicates that the optional attribute‘uom is only used when the unit of
different than the default. The attribute uom has type UnitOfMeasure which is an interface
tifier defined in ISO 19103 which is a CharacterString.

8.28.2.4 I|C_PermittedRealValue

The LC_Pe
metalangul
can be inst|
[SO 19103,
depths and

8.28.2.5 1

FmittedRealValue metalanguage object-is a subtype of LC_PermittedRealValueType. It
hge object for a real number value permitted in the metalanguage where the attribute v
antiated as a real number type using the Real type from the basic Primitive Types packag
where the value can be positive or negative. The sign convention is that negative values
positive values are heights:

e

C_PermittedRealRange

The LC_Pej
of LC_Per
the metal

attribute maxValuedescribes the maximum value of the range, where the attributes value and maxVj
can be insfantiated*as a pair of real number types using the Real type from the basic Primitive Ty

package i

If it is misping, the range becomes the singular attribute value, which makes the class equivale

mittedRealRangemetalanguage objectis a subtype of LC_PermittedRealValue and indire
ittedRealValueType. It is a metalanguage object for a real number value range permitte
guage. The'inherited attribute value becomes the minimum value of the range and a

d

[S@, 19103, with the constraint: { value 2 baseValue }. The attribute maxValue is opti

ik

PermittedRealValue.

8.28.2.6 LC_PermittedPosRealValue
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The LC_PermittedPosRealValue metalanguage object is a subtype of LC_PermittedRealValueType.
It is a metalanguage object for a positive real number value permitted in the metalanguage where
the attribute baseValue can be instantiated as a real number type using the Real type from the basic
Primitive Types package in ISO 19103, with the constraint { baseValue = 0.0 }.

8.28.2.7 LC_PermittedPosRealRange

The LC_PermittedPosRealRange metalanguage object is a subtype of LC_PermittedPosRealValue and
indirectly of LC_PermittedRealValueType. It is a metalanguage object for a positive real number value
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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 can be instantiated as a pair of real number types using the Real type from the

basic Primitive Types package in ISO 19103, with the constraints:
{ maxValue = baseValue
and baseValue = 0.0

and maxValue = 0.0 }

The-a

ermittedIntegerValueType has the attribute uom which optionally specifies the unit g
interface class UnitOfMeasure is defined by 1SO 19103 afd)is by default Metric MKS.[4§

Default indicates that the optional attribute uom is,only used when the unit of measure
n the default. The attribute uom has type UnitOfMeasure which is an interface to uor

defined in ISO 19103 which is a CharacterString.

8.28.2.9 LC_PermittedPosIntegerValue

The
Per
per
typ

{bd

LC_PermittedPosIntegerValue.(,* metalanguage  object is a  subtype

nittedPosintegerValueType. It (s)'a metalanguage object for a positive integer nun
mitted in the metalanguage where the attribute baseValue can be instantiated as an integ
b using the Integer type frofmrthe basic Primitive Types package in ISO 19103, with the cq

seValue = 0 }.

8.28.2.10 LC_PermittedPosIntegerRange

The
and
nun
mirn
whyd

LC_PermittedPosIntegerRange metalanguage object is a subtype of LC_PermittedPosIn
indirectly, of LC_PermittedPosIntegerValueType. It is a metalanguage object for a posit
\ber value’ range permitted in the metalanguage. The inherited attribute baseValue be
imunyvalue of the range and a new attribute maxValue describes the maximum value o

et baseValue,

hn abstract
rpes can be
es package
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f measure.
| The units
bf measure
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hldentifier,
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bné-the attributes baseValue and maxValue can be instantiated as a pair of integer nur
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{ maxValue = baseValue

and baseValue = 0}.

The attribute maxValue is optional. If it is missing, the range becomes the singular value baseValue,
which makes the class equivalent to PermittedPosIntegerValue.

8.28.2.11 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 can be instantiated as a real number types using the Real type from the basic Primitive Types
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package in ISO 19103, with constraints. It has two subtypes: LC_PermittedPercentageValueType and
indirectly LC_PermittedPercentageRange.

8.28.2.12
The

LC_

LC_PermittedPercentageValue

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 can be instantiated as an integer number
type using the Integer type from the basic Primitive Types package in ISO 19103, with the constraint:

{ baseValue=010

and maxVa

8.28.2.13

The LC_Pe
and indire
percentagsg

becomes the minimum value of the range and a new attribute maxValue describes the maximum v

of the rang
types usin

{ maxValue
and baseVd
and maxVa

The attrib

jue < 100.0 }.
LC_PermittedPercentageRange
'mittedPercentageRange metalanguage object is a subtype of LC_PermittedPercentageV
number value range permitted in the metalanguage. The inherited attribute basel/

e, where the attributes baseValue and maxValue can be instantiated as a pair of real nun

> baseValue
lue = 0.0
fue < 100.0 }.

ite maxValue is optional. If it is missing, thé range becomes the singular value baselq

b the Real type from the basic Primitive Types package in [SO,19103, with the constraints:
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which makles the class equivalent to PermittedPercentageValue.

9 Extension of the LCML

9.1 Extension process

The LCML
different L
of differen
class LC_E
amendmer
the standa

contains a set of fixed metalanguage elements that are the basic vocabulary for descrilpi
and Cover classification systems. This vocabulary has to be stable in order for descriptjons
I Land Cover classification systems to be comparable. Therefore, the subtypes of the YML
ement in the meodel used to express the metalanguage are only allowed to be changed by
t of this document. This allows for a route to extend the language that is well controlled by
Fdizationprocess.

stration of extensions

fStics

as in the LC_LandCoverElementCharacteristic and LC_

expressed
LandCoverClassStructure can be made by registration in conformance with the registration rules
described in the future ISO 19144-4.5) This provides a simple route to extend the descriptive aspects of
the metalanguage without changing the basic metalanguage elements. It also permits the characteristics
and associated code lists to be extended.

metalanguage objects

Additions can also be made to the subtypes of the UML class LC_Element or the components, attributes
or code lists associated with these metalanguage objects by registration. This is an addition to the
subtypes of LC_Element, not a change.

5) Under preparation. Stage at the time of publication: ISO/PWI 19144-4:2023.
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The future ISO 19144-4 will define the structure of the register, not its contents. The contents can be
established by a national body or other user who would establish their own instance of the register. A
user of the register could make a perfect description of their national Land Cover classification system
using the elements defined in this document plus additional registered extensions. A comparison of two
Land Cover classification systems using the LCML would be based on the common elements defined in

this

document and on a comparison of the additional extensions nationally registered.

The responsibility for a register to extend the LCML by registration rests with the national body or
organization which wishes to extend the LCML. The national body or organization would setup their
own register. Other national bodies or organizations could also set up other equivalent registers for
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LC]\]IiL, as defined in this document, will only be to the level of detail addressed by the me

cts and attributes that have been standardized. To do a comparison to a more detaile
1ire an examination of the Land Cover classification system in terms of the registeéred if
oth registers.

E The register for extension of the metalanguage is different in purpose fronr'the register
19144-1. The register identified in ISO 19144-1 is used to record the Legend,classes produced

ponents, attributes or code lists associated with these metalanguage objects, or exten|
perties of Land Cover element characteristics and/or land Cover class characteristi
"ied out through a registration process.

Backward compatibility through registration

e one of the primary purposes of the LCML is:to allow for comparison between different
sification systems, it is important that any‘changes to the vocabulary of the metalangu
frolled and be backward compatible. None of the metalanguage objects can be delete

mo
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EXA
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el. They can be extended with additional UML attributes. If a subobject needs to be
itional subobject can be defined to.réplace that object, leaving the old object in place fof

patibility as a deprecated object! This is in accordance with the procedures for regi
cribed in ISO 19135-1.

MPLE Ifa code listis extended, the old version of the code list is superseded with a new objec
new list. The old list remains in the register with an old identifier and date. In order for the
bct of the language to\work, the relationship between the new registered item class and the
stered item class néeds to be described.

maintenange of backward compatibility in the LCML is required both in the basic me
nents thatiare the subtypes of LC_Elements, which can only be changed by ame
document, and for changes to the metalanguage objects LC_ElementCharacteristi
sCharacteristic which can be done by registration.

rtion of the
falanguage
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br or other classification system. The register for extension of the metalanguage is at a differefpt level. It is
usedl to manage any extensions to the metalanguage objects in the LCML or changes to the character
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Annex A
(normative)

Abstract test suite

A1 Ovepview olabsbractlesbsuile

oot or

This anney presents the abstract test suite for evaluating conformance to this document. The-abst
test suite dontains a test module for a classification Ssstem (A.2), and a test module for the compar
of two Lanfl Cover classification systems (A.3).

The name and contact information of the maintenance agency for this document can*bé found at w
.iso.org/maintenance_agencies.

A.2 Con‘rormance of a Land Cover classification system

a) Test pyrpose: Verify that a Land Cover classification system can bédescribed in terms of the L
in accqrdance with Requirement 1.

b) Test nlethod: Inspect the generated model of the Land Caveér classification system by compo
Land (over metaclasses (LC_LandCoverClassDescriptor)-for each UML class from the Land Cq
classifjcation system and then instantiating each UML class to form the Land Cover classifica
systen) model. Each UML class in the Land Cover classification system is to be expressed in terni
LC_Elq\ments, LC_LandCoverElementCharacteristi¢(s) and LC_ClassCharacteristic(s) organized
LC_LapdCoverClassDescriptor classes.

c) Reference: Clause 8, including the Land €over high level UML class structure as defined in

ract
son

WW

[ML

bing
ver
[ion
s of
nto

8.5,

and thp definition of the LC_Elements as defined in 8.7 including all of the subtypes of LC_Elenjent

definefl in 8.8 to 8.20, and the applicablé characteristics as defined in 8.21 to 8.28.
d) URI: h{tps://standards.isotc211(o1g/19144/-2/1/LandCoverSystem.

e) Testtype: Capability.

A.3 Conformance of a comparison process of two Land Cover classification
systems

a) Test pirposesx€omparison of two Land Cover classification systems to identify the difference
accordanee with Requirement 2. This will enable the development of a mapping between the
systenjs:

S in
fwo

b) Test method: Generate a model for each of the Land Cover classification systems by composing Land
Cover metalanguage objects (LC_LandCoverClassDescriptor) for each UML class from each of the two
Land Cover classification systems and then instantiating each UML class to form two separate Land
Cover classification systems models. Each UML class in each of the two the Land Cover classification
systems is to be expressed in terms of LC_Elements, LC_LandCoverElementCharacteristic(s) and
LC_ClassCharacteristic(s) organized into LC_LandCoverClassDescriptor metalanguage objects
in accordance with the LCML. Examine each of the classes between each of the two Land Cover
classification systems identifying which are identical because they have the same description using
the LCML metalanguage objects, which are generalizations or specializations of each other because
they share the same root description using the LCML metalanguage objects, but one or the other
classes uses additional metalanguage object descriptor elements or characteristics, and which ones
are similar because they share the many of the same LCML metalanguage object descriptor elements
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or characteristics but differ on specific metalanguage object descriptor elements or char

acteristics.

From the comparison, generate a mapping between the two Land Cover classification systems.

Reference: Clause 8, including the Land Cover high level UML class structure as defined

in 8.5, and

the definition of the LC_Elements as defined in 8.7, including all of the subtypes of LC_Element

defined in 8.8 to 8.20, and the applicable characteristics as defined in in 8.21 to 8.28.
URI: https://standards.isotc211.org/19144/-2/1/LC_Comparison.

Test type: Capability.

Extension of the Land Cover Meta Language

Test purpose: Verify that extensions to the metalanguage are done through a registration process

in accordance with Requirement 3.

Test method: Inspect the classes, attributes and code lists used in the generated model
Cover classification system to ensure that any extensions are documented in a manner S
can be registered.

Reference: Subclause 9.2. The details of registration are describedin ISO 19144-4.
URI: https://standards.isotc211.org/19144/-2/1/MetaLanguageExtension.

Test type: Capability.

Backward compatibility of the Land.€over Meta Language

Test purpose: Verify that any extension orychange to the metalanguage is backward
with the previously published edition of the document in accordance with Requirement

Test method: Inspect any extensions-to the metalanguage to ensure that extensions to
done by subtyping or the development of new independent classes, and that extensio
components, such as attributes/or code lists associated with these metalanguage

extension to the propertiestef Land Cover element characteristics are done without ch
meaning of existing elements.

Reference: Subclause9.3.
URI: https://standards.isotc211.0org/19144/-2/1/MetaLanguageBackwardCompatibility

Test type: Gapability.
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The

Annex B
(informative)

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

There cury
from a pa
observer.
data from

Every clas

ently exist many different ways to describe Land Cover. Every description 1s a viewp
Fticular observer dependant on the objective, methodology and “language” used by
he intent of this document is to establish an approach to compare descriptions and-con
bne descriptive viewpoint to another.

bification starts from a universe of discourse, which is the “world of interest”. To estab

a classificqtion system, the universe of discourse is analysed according to a set ofirules. The resu

either a clg

A classific3
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in Figure B.1

ssification system or a feature data model to be used within an Application Schema.

ition system is an exhaustive list of the Land Cover classes thatdescribe the univers

The European CORINE Land Cover System is an example of sugh a classification system.

cation system can be used to create an Application Schema. The Application Schema cong
b data model including the binding to its geometry“and other properties. The feature ¢
derive directly from the classification system, orit€an be a more structured model such
zed model. It is also possible to directly derive the feature data model from the analysi
en generate the classification rule from the feature data model.

setis an instance of the Application Schema.

fication system and related Application Schema is unique to a particular point of view,
hany points of view that are allvalid. There is a need for comparing different classifica
d their associate Application Schemas. There is also a need for integrating instances of (
ced by different systems.

metalanguage. The métalanguage works at the classification system level. This is illustr3
1.
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Metalanguage
description (LCML)

Description of classification systemf

Exhaustive list of classes
for a point of view

T N — (classification system)
P i qﬁ?”’ = '“\
4 Universe of \L"\ Creation of Eyfeation of
discourse ) Analysis by rule application clgssification
\ (your world) T schema
|
N 4 N’ ~ Selett list of clasges or
S s’ parameterized lfst of
- classes with attriputes

(analogous to a F¢ature
Catalogue) as parf of an
application schenja, e.g.
with discrete covlerage

v

Instance of a dafa set

Figure-B.1 — Logical framework

The core of the LCML is the composition of an LC_LandCoverClassDescriptor metalanguage ¢bject from
a sgt of LC_Element (s). The LEML provides a reference vocabulary of meta elements thaf is used to
create a formal language fop-describing the Land Cover classes. Harmonization of different clgssification
systems is achieved on the basis of the LCML meta elements forming the classes and not on the basis of
the|classes themselves:

Figuire B.2 shows thelevels of abstraction. The LCML metalanguage is at the highest level of abstraction.
The instantiation’ef the metaclasses in the LCML is used to describe different classification 4ystems.

The second\level consists of all the different Land Cover classification systems expressing different
points of>¥iews from different disciplines or from different organizations within a discipline. A

clagsification system describes a dictionary of classifiers. ISO 19144-1 describes how thesd classifiers
canlhe nrg:\ni7pd and how thev relate to a discrete. coverage

EXAMPLE 2  Examples of Legends derived from the UN FAO LCCS, the USGS Anderson system, or the European
CORINE system.

At the third level, Application Schema are used to describe a particular type or a series of data sets. Such
Application Schema are conformant with the rules for Application Schema as described in ISO 19109.
At the Application Schema level, the classes of the classification system correspond to features in the
general feature model of ISO 19109, and the Legend of classes corresponds to a feature catalogue. The
set of feature classes can be established 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 describe the components of a discrete coverage as described
in the ISO 19123 series.

At the fourth level, a specific set of data is an instance of the Application Schema.
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LM_LandCoverMetaLanguage

I «instantiate»

LM_Land€over€lassificationSystem

AN

LandCoverMeta Language describing the common
sub-elements and their relations that may be
combined to describe any Land Cover Classification
System. ISO 19144-2 is at this level.

AN

A specific Land Cover Classification System that
effectively establishes a dictionary of classifiers that
may be used to create a specific "System" (or Feature

A\

| «instantiate»
|

LM_LpndCoverApplicationSchema

Concept Dictionary) for use in defining a specific
Application Schema. ISO 19144-1 addresses the
organization of classifiers and their geometric
representation using Discrete Coverage at this/level
of the hierachy.

A\

I «instantiate»
|

LM_ApplicationSchemalnstance

Figure B.2 — Levels of abstraction in the relationship of the LCML to an Application Schemja

The reasoq

AN
An Application Schema, compliantwith ISO 19109
Rules for Application Schema, that defines the
specific set of feature types Gised in the Feature
Catalogue (Legend) foraland Cover data set or
series of data sets.

AN

A specific setof Land Cover data, compliant with the
Application Schema.

for these multiple levels of extfaction is to solve the underlying interoperability probl

related to the use of different definitions for features in different Application Schemas and classifica

systems. If

that make
elements is

is not sufficient to simplysdefine a single Application Schema or classification systen
address allLand Cover applications-because it is impossible for all nations or user communities to ag
upon one djommon point of view. A-Tealistic way to achieve interoperability is to look at the elem¢
up the definition atthe meta level. Decomposition of a semantic concept into its constityient
a common analytical technique to establish an ontology. Classes with shared elements

bms
[ion
h to
ree
bnts

can

be compargd even though thie name of the classification class in different classification systems cap be

different.

Instance data can.besstructured in accordance with an Application Schema defined in accordance ¥
This\data can then be encoded in accordance with ISO 19118 so that it can be exchan

ISO 19109.

Many exchange formats are possible, but the Extensible Markup Language (XML) is considered

a1
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cma

in accordance with rules established in ISO/TS 19139-1. In general, XML schemas (XSD) are predefined
for all of the structures modelled in the ISO/TC 211 suite of geographic information documents.
However, this document (and other parts of the ISO 19144 series) do not define Application Schema.
This document defines a metalanguage in which the elements used to define Application Schemas can
be compared. This description is at a different level of abstraction. An XML implementation of the UML
model defined in this document is not relevant. An XML schema can be implemented for an Application
Schema developed using the elements described using the metalanguage.
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Annex C
(informative)

Examples of the use of LCML

C.1

Thif annex presents a number of descriptive examples of the LCML, used to produce la Land Cover
clagsification system and subsequently a nomenclature or Legend. Any examples are by tleir nature
artificial and inadequate. It is not possible to show an entire Land Cover classification syqtem or the
metlalanguage objects that are used to define an entire Land Cover classification system.

The process of using the LCML given in this document is to describe how.a‘Land Cover clgssification
system, a Legend and actual data operates at three levels of abstraction. The real or exgmple data
arelan instance of a selection from a set of Legend classes. The Legend,)is an instance of a Land Cover
clagsification system. The Land Cover classification system is descfibed by the LCML, which is a set of
metlalanguage objects. That is, the LCML is used to create a Land Cover classification systefn and then
spefialized to add additional detail. The following examples do,not show these stages of instantiation
becpuse it would make the diagrams too complex to be_useful. Rather they show situatjons where
the|concepts of the LCML can be recognized in the resultant example data. The LCML cdncepts are
genpral enough to support the example situations. The link back to the LCML is only by the james used
in the examples. It is possible to combine elements.in-the LCML and describe classes in a Land Cover
clagsification system that are very different from. thé basic elements of the LCML. This has Heen shown
in spme of the examples. Being a meta-languageyL.CML does not specify any rules for strata jumeration
and ordering (bottom to top, top to bottom, ete\). The sequence of strata definition and positipon is left to
the [user community.

The examples are of three types. Thefirst set of examples (C.2 to C.11) relate to the definition of specific
selgcted Land Cover classes using the/LCML. This illustrates the flexibility of the LCML to hgndle many
different types of Land Cover.

The second set of examples,(C.12 to C.16) are selected from some of the widely used Lland Cover
clagsification systems. This-illustrates that these Land Cover classification systems can be rgpresented
usifpg the LCML. Only afew classes have been shown although in some cases the complete repgesentation
of the Land Cover clasgification system in the LCML has been done separately and is available.

The third set of{examples (C.17 to C.18) are selected from specific national large-scale lland Cover
datpsets andnomenclatures, such as the Land Parcel Identification System in Portugal and the Peatland
Hahitat Classification in Finland.

n the main
: : : : : ., - s done for
explanatory reasons to make the values clear to the reader. Optional attributes that are not used and
have defaults (where the value is the default) are not shown in the examples for simplicity. Attributes
that derive from components are shown as attributes of the basic element, i.e. the attribute cover is
shown as an attribute of LC_Element.

se_examples are UML instance diagrams, not the class diagrams which have been used

NOTE For the examples in this annex, the UML instance object names begin with the two-letter code EL
to distinguish them from any other UML instance objects in the ISO/TC 211 harmonized model and to avoid
any inadvertent clashes with names that can be generated in other International Standards. A detailed UML
instance object -by-object description is only given in the example of a Tiger Bush (C.2), because such a detailed
description for some of the other examples would be too long and would obscure the meaning of the example.
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C.2 Example 1 — Example of a horizontal pattern for tiger bush

A “tiger bush” is a specific type of vegetation formation consisting of the combination of dense shrubs
and open grassland in a distinct pattern. It occurs on low slopes in arid and semi-arid regions in areas
such as Australia and West Africa. Figure C.1 shows an example of tiger bush in an oblique view from
a plane and Figure C.2 shows an example from a satellite image. This can be treated as one Land Cover
type with two horizontal patterns open shrub patches and open grassland in distinct patterns.

SOURCE

82

)

Reference [56], reproduced with the permissioﬁ\of the authors.

xO
Figure C.1 — Exancx.)&@%f tiger bush — oblique view
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SOURCE Reference [56], reproduced with the permissionés&?le authors.
)
Figure C.2 — Example ger bush — satellite image
4\
Thg model illustrated in Figure C.3 showg@UML instance object EL_TigerBush composed ¢f elements
that correspond to instances of the anguage objects from LCML. The UML instance|object EL_

Tig¢rBush could represent a classification class in a particular Land Cover classification sygtem or in a
Legend Class in a particular Legend for a specific data set or data set series.

Thg UML instance object EL(TigerBush is an instance of LC_LandCoverClass and is compdsed of two
sepprate instances of LC_H@zontalPattern, EL_HorizontalPattern_1 and EL_HorizontalPatfern_2.

The first instance o é? HorizontalPattern_1:LC_HorizontalPattern has the attribute pdtternType=
elongated, patterr@‘rPercentage= the range 15.0; 25.0 %, and patternOccurrence= 100 % (to 100 %
i.e. a range). Thi ance of EL_HorizontalPattern_1:L.C_HorizontalPattern is composed of HL_Stratum
_H 1Sl:LC_Stn?g7n. This is an instantiation of the LC_Stratum metalanguage object with the name
Veggtation rub patches for the stratum. This instance of EL_Stratum_HP1S1:LC_Stratyim has the
attifibut senceType= Fixed, meaning that the element is not a conditional relationship. [This is not
sho 114(1 the model because Fixed is the default value for the attribute and absence of the attribute
im 1@ the default value. It also has the attribute onTop= Baseline, meaning that the elerl:\Ent 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_Stratum_HP1S1:LC_Stratum (vegetation) is composed of EL_Shrub: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 % to 20.0 %. EL_Shrub:LC_Shrub is composed of EL_Shrub:LC_NaturalOrS
eminaturalVegetation which is a growth form characteristic further refining the UML instance object
EL_Shrub:LC_Shrub.

The second instance of EL_HorizontalPattern_2:LC_HorizontalPattern has the attribute
patternCoveragePercentage= the range 75.0; 85.0 %, and patternOccurrence= 100 %. This instance of
EL_HorizontalPattern_2:LC_HorizontalPattern is composed of EL_Stratum_HP1S2:LC_Stratum which
has the attribute name= Vegetation — open grassland and has the attribute presenceType= Fixed, and
the attribute onTop= Baseline, (as the default values, which are therefore not shown in the model). EL
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_Stratum_HP1S2:LC_Stratum is composed of EL_HerbaceousGrowthForm: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_HerbaceousGrowthForm:LC_HerbaceousGrowthForm is
composed of EL_HerbaceousGrowthForm:LC_NaturalOrSeminaturalVegetation which is a growth form
characteristic further refining the UML instance object EL_TigerBush:LC_HerbaceousGrowthForm.
This is shown in Figure C.3.

«instance»
EL_Ti Bush: B
LC_LandCoverClass attribute instances
- patternType= elongated
«instance» - patternCoverPercentage= 15.0; 25.0 %
"""""""""""""" - patternOccurrence= 100 %
AN
t «instance» attribute mstanc'e
T Chvapi [T T T T - name = vegetation - shrub patches
: AN
«instance» | _______________._ - - -] attribute instance
EL_Shrub: LC Shrub - cover= 4.0; 20.0 %
! «instance»
EL_Shrub:
LCN l0rSemi v ionCl i
«instance» AN
i s ] attribute instances
LC_HorizontalPattern “patternCoverPercentage= 75.0; 85.0 %
- patternOccurrence= 100.0 %
L «instancel» ________________________ B
attribute instance
t ] - name = vegetation - open grassland
«instance»
____________________ D
attribute instance
- cover=15.0; 40.0 %
L «instancey
EL_HerbacegusGrowthForm:
LCN l0rSemi W ionCl i
Figure C.3 — Example pf tiger bush Land Cover class element composition
C.3 Example 2 — Vegetation in three strata in a tree and shrub savannah

This example describes-the formation of a Land Cover class using different layers derived ffom
instantiatipn of the bagic Land Cover element metalanguage objects belonging to the vegetation grjoup
in the LCM[L. A savannah is composed by three separate layers of trees, shrubs and herbs with diffefent
cover of the woady component types. The first layer is composed by herbs. The second and third layers
are composed by trees and shrubs of different height and cover (see Figure C.4).

. T @ #

Figure C.4 — Example of a tree and shrub savannah in three strata
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The model illustrated in Figure C.5 shows a UML instance object EL_Savannah:LC_LandCoverClass
composed of elements that correspond to instances of the metalanguage objects from LCML. The UML
instance object 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

L «instance»

«instance» . .
— . attribute instance

- name = vegetation - hgrbs

‘ «instance» . \ A
P CE TP P attributedanstance

- cover=50.0; 100.0 %
«instance» ~
EL_Herbs:

LCN 10rSemi Iv. ionCl Cid

«instance» . .
— I R EE R LR BT attribute instance

- hame = vegetation - trg¢es

«instance» . . A
attribute instances

EL_Tree: LC_Tree e ]
\ - cover=4.0; 15.0 %
- leafPhenology =
«instance» woodyGrowthLeafPhenplogy
EL_Tree: - leafType = woodyGrowthLeafType
LC.N l0rSenti v ionCl -

«instance» . . A
L RS A R attribute instance
T - name = vegetation - shirubs
L «instance» . . =
EL_Shrub: LC_Shrut ] attribute instances
. - cover=4.0; 15.0 %
- leafPhenology =
«instance» woodyGrowthLeafPhenplogy
EL _Shrub: - leafType = woodyGrowthLeafType
LCN lOrSemi v ionCl -

Figure«6:5 — Example of a tree and shrub savannah Land Cover class element composition

C.4 Example 3 — More than one element in one stratum — Grassland with
patches of course fragments

This example describes two elements within one stratum. Herbs (grassland) compete for space with
patches of course fragments. The whole form a single stratum where the space occupied by both
elements cannot be more than 100 %. See Figure C.6.
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SOURCE Based on a portion of an image from Reference [54], reproduced with the permission of the authors.

Figu

The model
LC_LandCa
from LCMI|
dense with

re C.6 — Example of grassland with patches of coarse fragments in one stratum

verClass composed of elements that correspond to instances of the metalanguage obj

illustrated in Figure C.7 shows a UML instance object EL_GrasslandWithCoarseFragme

. The coarse fragments in the patches have a cover between 75 % to 80 %. The grass is
a cover between 90 % to 100 %. Both of them belong to the same strata‘because ther

nts:
pCcts
ery
e is

no height difference and no overlaying. Despite their relative cover, the two elements over the ground
occupy a specific portion of the area not necessarily equal to their relative cover: in the example,[the
stone patches occupy from 30 % to 35 % while the grass occupies the 65 %-to 70 % of the area. [The
model gives the possibility to describe the relative cover of each element-(cover) and the portion fhat
those elemgnts occupy in the ground area (portioning).
«instance»
LC LandCoverClass
, «instance»
t S AN
«instance» S ] attribute instance
EL_Stratum 1: LC Stratum i - name = GrasslandWithCoarseFragmentg
«instance» . . L
- cb------ attribute instances
mmnmmml CC Mi IF g l - cover=70% ; 80%
— - portioning=30% ; 35%
«instance» | | AN
EL_Grassland: attribute instances
LC_HerbaceousGrowthForm - cover=70.0; 90.0%
A - portioning= 65% to 70%

Figure C.f — Example of grassland with patches of coarse mineral fragments Land Cover clz

element composition

SS

C.5 Example 4 — Boulders with moss in a grassiand

This example illustrates the “on Top” relationship in the LCML meta language. It is an example of the use
of the meta language in describing an example Legend class. There are many different ways in which
Boulders with Moss in a Grassland can be modelled in a Legend or schema. The way used here is the
use of two different strata so that the “on Top” relationship can be shown. However, this example is to
illustrate the LCML “on Top” relationship, not the different approaches to modelling Legends.

This example describes one approach of modelling boulders with moss on top of the boulders, in a
grassland. Two stratums are defined for the purposes of the example. The first stratum contains the
herbaceous growth form corresponding to grassland and boulders. The boulders and the grass, being
in the same stratum, compete for the same space. The second stratum contains moss and includes an
“onTop” relation to the second element (boulders) of the first stratum (see Figure C.8).
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$
P

Figure C.8 — Example of boulders with moss in a Grassland

%

4
Theg model illustrated in Figure C.9 shows a UML instance object lbs%‘ouldersw
_LapdCoverClass composed of elements that correspond to instances of the Qﬁ alanguage ol
LCML. The UML instance object EL_BouldersWithMoss:LC_LandCoverClaSs

-

thMoss:LC
bjects from

as been builf up with a
laygr of herbaceous growth and a layer of abiotic surface cover course ments (Boulders) fand a layer
of moss with the “onTop” relation to the layer of boulders. s\\

NOTE 1  The relationship interStrataRelationship (see 8.6.2.5) is Q:/%able in only one directionf and is 1 to
0..1|(one to one optional). This means that the UML association cl n be implemented as an attrfbute on the
insthntiated instance object. This is what is shown in these exa S.

N
NOTE2 LC_ElementHorizontalArrangement including th&\?bver attribute and LC_PlanarStrataComposition
incliding the strataPortioning attribute are optional c nents and attributes and are not incliided in this
example. $\.
¥
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«instance»

EL_BouldersWithMoss:
LC LandCoverClass
, ) «instance.» ) B
attribute instance
R - name = vegetation - herbaceous growth
«instance»
AN
’ inst attribute instance
ans ancel > b - leafPhenology =
herbaceousLeafPhenology 0N
¢ l/-’
L «instance» (1:19
EL_Grassland:
. . . as s
b‘b‘
: AN
«instance» q
P attribute instance N\
ELJ?'OMMQES‘ - type = bouldeO
l =
«instance» | _________ ] AN
attri tteStanCES
vegetatlon moss
L «instance» ’ op = previousE2
EL Moss; LC Moss k@_’l‘_{mrelatlonshlp of LC_Moss to LC_Bouldéjrs
«instance»
N
Figure C.9 — Example of boulders with m&s in a grassland Land Cover class element
[ osition
o
C.6 Example 5 — Mixed eler@s in two strata for a mangrove swamp
This example describes a man \g)swamp that consists of two separate layers, one of vegetation pnd
the other ¢f water. The com ion of these two layers with vegetated and abiotic elements further
described by their charact ics illustrates a type of “flooded or regularly flooded vegetation” without
the use of gomplex defia';@ns (see Figure C.10).
v,

& 3 oo o . — ;(r:
I\ lk"b;td\«ll "‘# n\ nl

Figure C.10 — Example of a mangrove swamp in two strata

The model illustrated in Figure C.11 shows a UML instance object EL_Mangrove:LC_LandCoverClass
composed of elements that correspond to instances of the metalanguage objects from LCML. The UML
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instance object EL_Mangrove:LC_LandCoverClass has been built up with a layer of trees and a water
body layer.

«instance»
LC LandCoverClass

L «instance» AN

attribute instance

____________ - name = vegetation - mangrove trees
, «instance» |_
attribute instances
- leafPhenology =
«instance» | ___ ] woodyGrowthLeafPhenology.
EL_MangroveTree: LC Tr - leafType = woodyGrowthLeafTyps
| «instance»
EL _Mangrove:
«instance» |- --o--TTTTTomo AN

— . attrjibute‘instance
- naine = abiotic surface cover - tidal swamp

| «instance» AN

EL_Water: LC_WaterBody ()™ attribute instances
X - periodicVariation = tidal
L «instance» - position = aboveSurface
EL Water: . D
LC WaterSalinityCharacteristic attribute instance
W - type = brackish

Figure C.11 — Example of a mangrove swamp Land Cover class element composition

C.7| Example 6 — Building with roof garden

Thip example illustrates a mere complex “on Top” relationship. It describes a building with a rooftop
garflen. All of the vegetationdayers are “onTop” of the building. This is illustrated in Figure C12.
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SOURCE Reference [62], reproduced with the @sion of the authors.

Figure C.12 — F@q‘mple of a building with a roof garden

O

The model illustrated in Figur@ & 3 shows a UML instance object EL_BuildingWithRoofGarden:LC

_LandCovefClass composed ements that correspond to instances of the metalanguage objects
from LCMIL. The UML inst object EL_BuildingWithRoofGarden:LC_LandCoverClass has been Quilt
up with the first layer r enting the abiotic surface element building. A second layer of herbacdous

growth is then defin%@mth the “onTop” relation to the abiotic surface layer containing the building.
This puts the herb us growth form on top of the building. The third layer is of trees. Each of these
are also or] top o building. For simplicity, limited attributes have been defined to characterize|the
elements in tl&?itample.

ThlS is an L)“““plc Cf Land Cnvnw A banldinagic - pnbhocicaltbing o thoaland o dic T o0 d Cover_A haild lng

TOOITOTITS T o PITy STCTT CIiT g U CICToior ot 13- o it GOV T 1 oot

can be attributed with respect to its use as part of a Land Use description. There is no Land Use
attribution of the building in this example.
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«instance»
LC LandCoverClass
! «instance» AN
EL_HorizontalPattern_1: LC HorizontalPattern attribute instance
- name = abiotic element - roof of
«instance» ~ |--------4 building
EL Stratum _1: LC Stratum
AN
instance» | e---d attribute instances
«Instance» : - name = herbaceourGrowthForm
EL bunding. LL_bullaing ' — )
! - onTop= previousE1l
. : AN
«instance» oo attribute instance
EL Stratum 2: L.C Stratum - leafPhenology =
L g herbaceousLeafPhenology.
«instance» :
EL_HerbaceousGrowthForm:f - - - - - - - - AN
LC_HerbaceousGrowthForm attribute instances
] - name =)trees
' - anTop = stratum1E1
«instance» i _:
EL_Stratum_3: LC_Stratum AN
attribute instances
| «instance» - leafPhenology =
EL Tree:LC Tree  |—---7-%---1 woodyGrowthLeafPhenology
- leafType = woodyGrowthLeafType

C.8

This example describes a boreal and-hemi-boreal forest system where the tree layer is in tw
heights. The trees are in two parts;-the overstorey trees and the understorey trees, and

Example 7 — Boreal and hemi-boreal forest

Figure C.13 — Example of building with roof garden Land Cover class element com

osition

o different
a separate

shrib layer and forbs layer. Thérexample shows two layers of natural trees. In this example there is

intgntionally no height, cover or leaf type/leaf phenology attribution in order to remain ve
ird layer of shrubs and_a fourth layer of forbs are described. An addition element des
clinpatic area could have(beén added but is not included in the example for simplicity. This is

At

in Higure C.14

© IS0 2023 - All rights reserved
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SOURCE Reference [55], reproduced with the permission @f the authors.

The model
_LandCove
LCML. The

with four v
example hi

or forbs.

92

Figure C.14 — Example of a boreal/hemi-boreal forest

illustrated in Figure C.15 showsa UML instance object EL_BorealAndHemiborealFores
rClass composed of elementsithat correspond to instances of the metalanguage objects fi
UML instance object EL_BorealAndHemiborealForest:LC_LandCoverClass has been buil

[:L.C
fom
L up

egetation layers consisting of two layers of trees, a layer of shrubs and a layer of forbs. This
is been kept very simple and no attributes have been used to characterize the trees, shijubs
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«instance»
LC Lan rCl
! «instance»
’ «instance»

EL_Stratum 1: L ratum

! «instance»

! «instance»
LC_NaturalOrSeminaturalVegetationCharacteristi¢
«instance»

t «instance»
EL_MainTr n :LC Tr

! «instance»

EL_MainTreeCanopy:
LC N 10rSemi v ionCl idtic

.

7

«instance»

! «instance»

EL_Understore: LC_Shrub

' «instance»

EL Shrub: LC N 105 v ionCl -

«instance»
EL_Stratum 4: L ratum

! «instance»

EL_Forbs: L.C Forbs

! «instance»

EL Forbs: LC N 10rSemi v ionCl _—

Figure C.15 — Example of a boreal and hemi-boreal forest in four strata Land Cover 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
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vegetation considerably. Bush and shrub are 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 removed (by the grazing animals) from the lower part of the stems of the trees. The
vegetation type therefore resembles a kind of park landscape (see Figure C.16).

. - N e, o -

SOURCE Reference [65], reproduced with the perm'yi'@)n of the authors.

O
Figure C.16 — E(?)}iple of a Hagemarklandscape

The mode] illustrated in Figure @ shows a UML instance object EL_Hagemarklandscapg:LC
_LandCovefClass composed of eler@a s that correspond to instances of the metalanguage objects ffom

LCML. Thel UML instance object EL_Hagemarklandscape:LC_LandCoverClass has been built up with a
layer of trdes with open cow{g % to 40 %) grazed in the lower branches (intensity of grazing 1P %
to 30 %) and a layer of grassiintensely grazed (intensity of grazing 70 % to 90 %). In this case grating
is occurrinlg by severa s of wild and domesticated animals on the grasses and on the leaves of|the
lower brariches of th es. This type of “grazing” of the lower branches of trees is sometimes callled
“browsing(. The L azedCharacteristic addresses only the physiognomic appearance of grazed land.
For a descrjiptio
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«instance»

LC LandCoverClass

| «instance»

EL Hori 1P 1: LC Hori 1P

’ qnstances ool attribute 1nstanc§
EL_Strat 1: LC_Strat - name = vegetation - trees
’ instance At e-Hstaee—
_____ &
EL_TreeCanopy: LC Tree - cover=10.0; 50.0%
«instance»
EL Tree:
«instance» . . A
EL TreeLeafGrazine: attribute instapce
LC G iCH TR il i Sty - intensity = 10.0 ; 30.0%
N «instance» = |ec oo ] attribute instance
EL_Stratum_2: L.C_Stratum - name = pastyre
t . «nstance» o\ ] attribute instance
EL_Herbs: LC HerbaceousGrowthForm - cover= 70.0} 100.0 %
«Instance»
EL_Herbs:
«instance» . .
[ SRR attribute instance
LC EL‘H'eLb‘Gm'e'd‘; iCl ‘L. - intensity = 7)0.0; 90.0%

Figure C.17 — Example-of a Hagemarklandscape Land Cover class element compofition

C.10 Example 9 —Bare field planted with wheat same year

Thip example illUstrates a temporal relationship. It describes bare fields that are planted With wheat.
That is, for partof the year the fields are bare and for part of the year they are covered by yheat. This
is described by the use of a sequential temporal relationship between the two elements bdre soil and
graminopidvegetation, that is characterized as cultivated and managed vegetation with a flor|stic aspect
spefies,“Wheat”. This is shown in Figure C.18.

The instance model illustrated in Figure C.19 shows a UML instance object EL_BareFieldsPlanted
WithWheat:LC_LandCoverClass composed of elements that correspond to instances of the metalanguage
objects from LCML. The UML instance object EL_BareFieldsPlantedWithWheat:LC_LandCoverClass
has been built up with one Stratum that has two elements EL_BareSoil and EL_Graminoids. The
metalanguage instance EL_Graminoids is characterized by EL_CultivatedAndManagedVegetation and
by EL_FloristicAspect with EL_FloristicAspectSpecis (Wheat).

NOTE The relationship interStrataRelationship (see 8.6.2.5) is navigable in only one direction and is 1 to
0..1 (one to one optional). This means that the UML association class can be implemented as an attribute on the
instantiated object. This is what is shown in these examples. This example only contains information about the
length of time, not which months.
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SOURCE Reference [54], reproduced with the permission of the au@.

<
Figure C.18 — Example of a bare field %ﬂ%t\ed with wheat same year

A\@
«ihstance»
EL BareFealdsPlantedWithWheat xO N
LC_LandCoverClass \& attribute instance
\’\0 | - name = bare soil sequentially with wheat
" ’
«instance» / AN
. . . : )
EL_HorizontalPattern_1: LC HorizentalPattern /| attribute instances
N\ 4 - presenceType = conditionalTemporal,

«insta 4 - temporalType= sequentialSameYear
EL_SMQ‘K&_S_{EMID /| - lengthOfTemporalRelationship= 3.0 ; 4.0 (uom = months]
L - | ’
¢ D) /s AN
q D\. instance» . ‘ attribute instances
o\ i - presenceType = conditionalTemporal,
AN - temporalType= sequentialSameYear

v
< «instance» - - . ] - lengthOfTemporalRelationship= 6.0 ; 7.0 (uom = months|
: inoi - leafPhenology = HerbaceousGrowthLeafPhenology

«instance»

é\?‘ | £L CuliwasedCrop:

«instance»

EL CropTypeWheat:

‘ «instance»
EL_Wheat:

LC SinglePlantSneciesCl -

Figure C.19 — Example of a bare field planted with wheat same year Land Cover class element
composition
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C.11 Example 10 — Greenhouse

This example shows an area which is covered by a greenhouse building. The LCML does not include an

attribute for identifying a building as being of type “greenhouse”. The use of the building can
in a Land Use description (see ISO/TS 19144-3).

be defined

Without knowing what the use of the building is, the appearance of the building can be described
as part of Land Cover. This is a purely physiognomonic description of what the building looks like. A

greenhouse is shown in Figure C.20.

The instance model illustrated in Figure C.21 shows that two layers are used, composed by the LCML

elethents LC_HerbaceousGrowthForm and LC_Building. What is described here is vegetat
a biiilding. Both the building and the vegetation are from the same base. Stratum_1 is(the

ion within
vegetation

which in this example is Herbaceous Growth Form. Stratum_2 is the building made of\light material, in

thid case plastic. The vegetation is entirely within the building, so if viewed from above, all
seef is the building. Therefore, the strataPortioning for the vegetation is 0 % (it can’t be seen f
and 100 % for the building. The LCML element LC_Building has three properties: construct
(Light Material), horizontalArrangement: cover (from 100 %) and height (fron4,0 m to 8,0 m)

fhat can be
Fom above)
onMaterial

The LCML
d.

eletnent LC_HerbaceousGrowthForm has two properties: cultivatedAndManaged and irrigate
e —
4 \
=== __ N
= N2
s \g‘@

SOURCE  Reference [54], reproduced with the permission of the authors.

Figure C.20 — Example of a greenhouse
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EL_Greenhouse: LC LandCoverClass

«instance» attribute instances

- name = vegetation

- strataPortioning = 0%

«instance» (This means that the vegetation is entirely within the

C.12 Exal

This exam
CORINE de

“vegetation
leaved spec

The predor
500 subject
height is 5

The LCML
not necess
can be des

The model
LCML elen
properties
100 % to

composed

EL_HorizontalPattern_1: building. From above one does not see anything of
LC HorizontalPattern .| Stratum-1.)
. . N
«instance» e attribute instances
EL Stratum 1: LC Stratum /] - cultivatedAndManaged
,/ | - irrigated
’ Rstance . AN
L EL_HerbaceousGrowthForm: [ attribute instances
LC HerbaceousGrowthForm - name = building
- strataPortioning = 100%
cinstancey  beceeell (This means that from above all that
one sees is Stratum-2, the building.)
AN
attribute instanceg
«instance» | - constructionMaterial= Light Material
EL_BuiltUpType: LC Building - cover= 100:0%
- height = £:05-8.0 metres
Figure C.21 — Example of greenhouse
mple 11 — Example CORINE class 311 Broad-leaved Forests
ble is a translation of a Legend class from the CORINE Land Cover classification system. [The

scription is:
ies predominate.

s/ha density, with broad-leaved trees representing > 75 % of the formation. The minimum
m.”[12]

representation illustrated here refers to the specific textual definition given above, an
rily directly applicable to successive CORINE refinements. An illustration of Land Cover
'ribed by this class4i9 provided in Figure C.22.

illustrated in.Eigure C.23 shows that two layers are used. The first layer is composed by
ent Tree (with a characteristic Natural or Seminatural). The LCML element Tree has
Cover (from 30 % to 100 %) and Broad-leaved with the percentage of cover from 75 ¢
forrectly*formulate the concept of predominant broad-leaved species. The second layg
by theé LCML element Shrub (with a characteristic Natural or Seminatural). While the f

layer is alw

dys present (“Fixed”), the second one can exist or not (“Optional”).

hinant classifying parameter for £his class is a crown cover density of > 30 % or a minin

formation composed principally of trees, in¢luding shrub and bush understoreys, where br¢ad-

pum
free

d is
that

the
fwo
o to
ris
irst
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SOURCE Reference [54], reproduced with.the’permission of the authors.

Figure C.22 — Example of CORINE broad-leaved forest Land Cover class
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«instance»
LC LandCoverClass
! «instance» B
‘ EL_HorizontalP rn_1: L.C_HorizontalP rn . .

attribute instance

’ _________________ - name = vegetation - trees
«instance»
EL_Stratum 1:L ratum B

attribute instances

«instance» | = I,l(:l,yl,lL - 5 11T (Illlllllllulll)
L EL_TreeC LC.T “"=1-cover=30.0;100.0%
’ «instance» | __ | attribute instance
EL_LQafIJLD_QLLQ_BLO_adLﬂaf 1- percentage = 7520 ;100.0%
«instance»
EL_NaturalTree:
LCN l0rSemi v ionCl ..
«instance»  |_______________¢«
EL_Stratum_2: L ratum attribute instances
- name = shrub
| _ .
Q «instance» A - presenceType = Optional.
EL _Understore: LC_Shrub
t «inStance»
EL_Shrub:
LC NaturalOr inatural ionChar risti

Figure C{23 — Example of CORINE froad;leaved Forest Land Cover class element compositign

C.13 Example 12 — Examplé CORINE class 111 continuous urban area(s)

This example is a translation efja Legend class from the CORINE Land Cover classification system. This
example ig based on the driginal textual description of the CORINE class as described in 1985. [The
LCML representation illustrated here refers to the specific textual definition given below, and is|not
necessarily directly applicable to successive CORINE refinements.

The CORINE description is:

“urban stryctures and transport networks are dominating the surface area. > 80 % of the land surfage is
covered by ilupc: mreabte fcuful es1ike l’/uil’dl.uya, roadsarrd— flfluut’liy ou:ful,cd areas—Non-tHrearareds Of

vegetation and bare soil are exceptional."[12]

An illustration of Land Cover that can be described by this class is illustrated in Figure C.24.

The model illustrated in Figure C.25 shows that two horizontal patterns have been applied one with the
LCML element Non-Linear Surface and the other with the LCML element Linear Surface. The use of two
Horizontal Patterns implies that this combination of non-linear and linear elements is for a “unicum”
that will be expressed in the same way at any scale used.
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'\

SOUYRCE Reference [54], reproduced with the permission of the authors)

Figure C.24 — Example of CORINE continuongrban area Land Cover class

N
«instance» @
EL UrhanFabric D\
LC LandCoverClass ) ®$
I° N

«instance» . .
EL Hori IPatt 1: LC “38 talPattern | attribute instance
- ()‘ - patternCoverPercentage = 60 : 15%
! «instance» &\’\ N

e attribute instance
- name = abiotic element - buildi

t N hgs
; \3 «instance»
: AN

N . .
- { attribute instance

7 i
L % «instance» . . - patternCoverPercentage = 5 : 2Q%
ﬂ_g\@nmmaumz;m_ﬂmmmmam
)V : D
g‘ «nstance» | ________________| attribute instance
§ : - name = abiotic element - transgortation

v t network elements
instance»

& f<1ns . .

9 S Transportationletworis LC Linearturface

Figure C.25 — Example of CORINE continuous urban area Land Cover class element composition

C.14 Example 13 — Example CORINE class 244 agro-forestry area(s)

This example is a translation of a Legend class from the CORINE Land Cover classification system. The
CORINE description is:

“annual crops or grazing land under the wooded cover of forest species.”[12]
This LCML description is of this textually defined Legend class, not of any more recent refinement. An

illustration of Land Cover that can be described by this class is illustrated in Figure C.26.
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The model illustrated in Figure C.27 shows that two layers are used. The first one is composed by either

the LCML element Herbaceous Vegetation (with an extra characteristic Cultivated which comes from LC

GrowthFormCharacteristic) or the LCML element Herbaceous Vegetation (with an extra characteristic
Grazed which comes from LC_GrowthFormCharacteristic). The second one is 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 the translation as a rather open layer (cover between 5 % to 30 %). In LCML the
user can avoid specifying the property Cover.

SOURCE 1|

Figure C

Reference [54], reproduced with the permission oQ*e authors.

4\
26 — Example of CORINE agro-fores@r area Land Cover class (showing grazed land)

S
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«instance»
EL_Agroforestry:
LC LandCoverClass
! «instance» AN
attribute instance
’ _..----"71-name = herbaceous vegetation
«instance» a7
EL Stratum_1: LC Stratum AN
’ attribute instances
«instance»  |____] - presenceType = Exclusive
— El—€ultivatedGrass: leafPhonology=
LC_HerbaceousGrowthForm herbaceousGrowthLeafPhenology
t «instance»
EL Grass:
LC_Culti JAndM v ionCl -
«instance» . .
— EL_NaturalG A attribute instances
LC_Hert G thF - presenceType = Exclusive
- leafPhenology =
’ herbaceousGrowthLeafPhenology
«instance»
EL _Grass:
LCN lorSemi v SoiCl -
«instance» N
EL_GrazedGrass: attribute instance
LC GrazedCharacteristic __ |- name = trees
«instance» PR i AN
[ attribute instances
7~ - leafPhenology =
t «instance»  |..__ woodyGrowthLeafPhenology
EL_Foréstry: LC_Tree - leafType = woodyGrowthLeafType
L «instance»
EL ForestryVegetation:
Figure C.27 — Example of CORINE Agro-Forestry Area Land Cover class element conjposition
C.15 Example 14 — Example evergreen forest land (Anderson)
Thip example is a translation of a Legend class from the Anderson (USGS) Land Cover clgssification

Sys

em. The Anderson description is:

“evergreen forest land includes all forested areas in which the trees are predominantly those which remain
green throughout the year. Both coniferous and broadleaved evergreens are included in this category.”[Z]

This LCML description is of this textually defined Legend class. An illustration of Land Cover that can
be described by this class is illustrated in Figure C.28.

The instance model illustrated in Figure C.29 shows that one layer is composed by the LCML element
Tree (with an extra characteristic Natural). The LCML element Tree has two properties: Cover (from
30 % to 100 %) and Evergreen.
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SOURCE Reference [54], reproduced with the permission of theatithors.
Figure C.28 — Example of evergreen forestland (Anderson) Land Cover class
«instance»
EL{ EvergreenForest:
L¢_LandCoverClass
! «instance»
: AN
— - attribute instance
«instance» |77 TTTTTTTTTTTTT - name = evergreen forest
E ratum_1: L ratum N
L . attribute instance
«nstance» - pes-y - cover=30.0; 100.0 %
EL_TreeCanopy: LC Tree
! «instance»  |___. attribute instance
EL LeafPhenology: LC_EVergreen teafPhenotogy=—evergreen
«instance»
EL Tree: LC.N l0rSemi v ionCl -

Figure C.29 — Example of evergreen forest land (Anderson) Land Cover class element
composition

104 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=b385a40c71626cf43ca095d1329ed718

ISO 19144-2:2023(E)

C.16 Example 15 — Example herbaceous with sparse tree/shrub (Global Map)

This example is a translation of a Legend class from the Global Map Land Cover classification system.
Global Map has adopted the UN FAO LCCS standard.l43] The definition of the Legend class is the
following:

“the main layer consists of herbaceous vegetation from closed to open, the second and third layers are
composed by sparse trees and sparse shrubs”.[25].[44]

This LCML description is of this textually defined Legend class. An illustration of Land Cover that can
be described by this class is illustrated in Figure C.30.

NO'iE Global Map is a digital geographic dataset including Land Cover data of the whi%ﬁﬂé developed

with unified specifications, through international cooperation among National Mapping O zations of the

world. ..

v
Theg model illustrated in Figure C.31 shows that three separate layers are W The fiyst layer is
conjposed of the LCML element Herbaceous (with an extra characteristic Néshral). The LCML element
Herpaceous has one property, Cover (from 15 % to 100 %). The second layer-is composed by the LCML
element Tree (with an extra characteristic Natural). The LCML element "@e has a property (over (from
1 9% to 15 %). The third layer is composed by the LCML element S (with an extra chgracteristic
Natpral). The LCML element Shrub has a property Cover (from 1 0/(6%) 5 %).

SOURCE Reference [54], reproduced with the permission of the authors.

Figure C.30 — Example of herbaceous with sparse tree/shrub (Global Map) Land Cover class

© IS0 2023 - All rights reserved 105


https://standardsiso.com/api/?name=b385a40c71626cf43ca095d1329ed718

ISO 19144-2:2023(E)

«instance»

LC LandCoverClass

! «instance»

’ «instance»

____________ attribute instance
- name = herbaceous

’ dnstances B
EL_Grassland: attribute instance

- cover=15.0;100,0%
! «instance»

LC.N 10rSemi v ionCl -

<

«instance»  L_________] 5 :
attribute instance

~name = sparse trees

' «instance» AN
EL TreelLaver:LC Tree [ =~~~ ~ /77 attribute instance
-cover=1.0;15.0%

T «instancey
EL _Tree:

LCN l0rSemi v ionCl -

>

«instance»

EL Stratum 3: L ratum™ 00 [T attribute instance

- name = sparse shrubs

, «instance» B
“L.CShrub  [~""""""""""1 attribute instance
-cover=1.0;15.0%

T «instance»
EL_Shrub:
LCN l0rSemi v ioncl .

Figure (.31 — Example,of Herbaceous with sparse tree/shrub (Global Map) Land Cover class
element composition

C.17 Example 16 — Example of complex agricultural Land Cover (pro-rata
grassland)}-Maontado

An example of complex agricultural Land Cover class related to agroforestry, as recorded in the
Land Parcel Identification System (LPIS) of Portugal, is shown in Figure C.32. The possible presence
of sporadic shrubs is considered marginal and not accounted. The class encompasses semi-natural
grasslands with open to dense patches of oak trees. The patches of herbaceous and woody plants
form an intrinsic mix, perceived as “unicum”, irrespective of the applied cartographic scale. It can be
regarded as a single entity from the functional point of view, representing a silvo-pasture and called
“montado”. In the national LPISnomenclature the class description is:

“Woodland with Open Medium to Tall Herbaceous Layer. Floristic Aspect: Cork Oak or Holm Oak or Pyrenean
Oak. At least 60 % of the parcel tree cover is Quercus. Cork Oak density is minimum 40 trees per hectare/
Holm Oak or Pyrenean Oak density is minimum 60 trees per hectare.” [49],[50]
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This example makes the simplification of assuming all the tree cover is Oak (Quercus).

In such grasslands with open to dense trees, the vegetation located beneath the trees is subject to
different agronomic practices and is thus accounted separately for the quantification of the effective
grazed area. This grassland could also have different plant variety and composition and thus performs
differently with respect to environment and climate.

SOuU

RCE Reference [63], reprod@d’wnh the permission of the authors.

oak trees, forming sylvo-pastoralsystem, cplled

Figure C.32 — Tyejzgl)grassland with 2 s
"Montado"

%\%

To
Ce
Uni
agr
(teg

pean Commission is used. The concept is applied in use cases, such as the
Agricultural Policy and European Territorial Co-operation Programme. It
y class as representing an intrinsic mix of 3-dimensional elementary biophysig
aving different number of strata. In the case of grassland with trees, there are ty

IJ?odel sucl&@ Cover classes in LCML, the tegonl[131(39] concept developed by the Join
e

t Research
e European
treats the
al features
o types of

bioph

1y
2)

ical features:

the first one having only one stratum with one LC element of herbaceous vegetation (grasses); and

the second having one stratum with one LC element of herbaceous vegetation (grasses) and another
one above with one LC element of woody vegetation (trees).

The presence, abundance and horizontal composition of these two types of physical features is managed
in LCML through the LC_HorizontalPattern object.

Figure C.33 is an illustration of the approach of using horizontal pattern and strata. It shows grass with
scattered patches of trees. The portion of the grass beneath the trees has different plant composition
and characteristics (density, height).
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Figure C.33 — Use of horizontal pattern and strata

The grass with trees and grass without trees are treated as separate physieal-features composed by
3-dimensignal elementary features (tegons). This results in an intrinsic (functional entity) mix between
two types pf Land Cover features having different strata. This is illustratedyin Figure C.34.

7] 7] %) 7] 7] [
(<) (<) (<) (<) (<) (<5}
2H| e 21X & AN
f) =} =} f= g =} s
AN
J
\\Q)
[97] [97] 9] %) %) [97] Ny 9] %) %) [97] 9]
0 1%} 1%} %] %] 0 1%} 1%} %] %] 0 1%}
(3} © © (3] (3] o o © © (3] (3] (3} ©
o & = = = o & = = = o |
o~

Figure C.34 — Tegon representation

Figure C.3% shows how this structlreis described in LCML with the “horizontal pattern”.

A O Y e h e e e m e
HaTizontal .
Strata 3 LC Elements
pattern .
Grass @—| Stratum 1-1 |®——] Herbaceous growth form - grass
Grass with .
trees : |_ Stratum 2-1 |@——— Herbaceous growth form - grass
. Trees above
. trass

Stratum 2-2  je— Woody growth form -trees

Figure C.35 — LCML representation

The model illustrated in Figure C.36 shows the Land Cover class element composition.
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«instance» AN
attribute instance - patternType = herbaceous
vegetation (open cover, medium height)

patternCoverPercentage = 50%; 75%
- «instance» |- ---
¢ - .
«nstance» L _____________ attribute instance - name = Grassland
EL_Stratum_1-1_Grass: L ratum
\ 2 - .
«nstance» - fooooo... attribute instance - height = 10 ; 40 cm
EL_Grass: LC_HerbaceousGrowthForm
«instance» AN
EL_GrassArrangement: [ =~ -| attribute instance - cover.= 30%; 80%
LC ElementHorizontalArrangement
«instance»
EL P ial G . LCP ial
«instance» . . o B
= EL HorizontalP rn TreesA rass: [---- attribute instance - patternDescription = Patchps of
LC_HorizontalPattern oak trees above hérbaceous vegetation with clpse
cover and tall height
L . patternCoverRercentage = 25%; 50%
«instance»
-1 GrassUnderTree: LC Stratum F---- - - - - -2% o D\
] attribute instance - name =
«instance» B GrassUnderTree
«instance» attribute instance - height = 10[; 60 cm
EL_GrassUnderTreeArrangément: N
T . \ B
«instances *| attribute instance - cover = 60%; 100%
EL P ial G UnderTree: LC_P ial
«instance» (7 NY Lo attribute instance - name =
EL Stratum _2-2_Tr —— LC Stratum TreesOverGrass
! «Instance»
EL Trees: LC Tree
«instance»
EL LeafPhenology: LC_Evergreen
«instance»
EL _WoodyLeafType: LC BroadLeaf
«instance» . . . A
EL T OverG A & L - - -| attribute instance - density = 4(; 60
LC_ElementHorizontalArrangement densityUnitOfMeasure = trees jhectare
«instance» AN
— EL_FloristicAspectSpecies: b - - -| attribute instance - speciesName = Cork
LC FloristicAspectsCharacteristic Oak, Holm Oak, Pyrenean Oak

Figure C.36 — Example of complex agricultural Land Cover class element composition

C.18 Example 17 — Example of wooded peatland (mire with trees)

This is an example of peatland with openly and uniformly distributed trees and occasional shrubs,
belonging to a class “Spruce Mire” in the Finnish peatland habitat classification.[22][31] The mire
consists of organic layer, saturated with water. There are patches of water appearing at the surface.
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The dominant tree species are evergreen, such as the spruce, though deciduous trees can also grow
abundantly in spruce mires that are richer in nutrients. The presence of living and dead trees of
different sizes and ages is an important structural feature (Figure C.37). The ground layer consists of
grasses and herbaceous plants or sphagnum mosses. In nutrient-poor spruce mires, dwarf shrubs can
be present. Wetland and peatland are another Land Cover category where it is essential to account for
the relationship between LC elements in different strata. This is particularly valid for peatland forests,
where there the accumulation on the topsoil layer of dead organic material (litter) is directly related
with the trees present above. In the Nordic European countries, peatlands could have several strata
of vegetation. Some of them could be occasionally present in the given class instances. The semantics
applied in wetland class descrlptlons are extenswely studled w1th1n the pI‘O]eCt SEPLAI27] [51] (Satelllte

V
SOURCE R Qﬁégence [53], reproduced with the permission of the authors.

Figure C.37 — Example of mire with trees in Nuuksio National Park, Finland

Asinthe previous example, the given peatland class could be described in LCML through the principles of
tegon and applying the functional entity approach, based on the LC_HorizontalPattern object. However,
the spread of the tree is relatively uniform and not necessarily clustered. There is also a canopy effect
of the trees over the layer of grass or sphagnum mosses. In this respect, the peatland could be modelled
through the strata composition alone. A combination of LC elements related to organic deposits and
water are present in Stratum 1. Stratum 2 holding the grasses and mosses has the attribute onTop of
LC_InterStrataRelationship set to PreviousE1l which means that the elements of the stratum are “on
top” of the first element of the previous stratum, to account for the explicit relation of the vegetation
with the organic layer beneath. For Stratum 3 holding occasional shrubs, the stratumPresenceType is
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set to optional to account for their possible presence in the class instances. In the uppermost stratum
4, there are evergreen and deciduous trees competing for the same space. Most of the deciduous trees
have “dead status”.

The model illustrated in Figure C.38 shows the Land Cover class element composition.

«instance»
. X N
Q attribute instance - name = Peat
«instance» _ -7 | Layer
' N
«instance» Lot attribute instance - type described
EL Stratum_1_PeatLayer: LC Stratum Dy the code ST
_. - | LC_OrganicDepositType =
«instance» T minerothrophicPeat
) .-~ | attribute instance - (dépth =0;1m
«instance» -7
EL_WaterBody 1: LC WaterBody
L attribute instancé'- type = frest. as
«instance» | . - -~ 7| described/by the code list
EL_WaterSalinity: LC WaterSalinityCharacteristic LC_WatgrSalinityType
«instance»
EL Stratum_2 MossGrassLayer: LC Stratum [~~~ 77777777 attnibute instance - name =
Grass/Moss
«instance» onTop = previousE1
EL_Mosses: LC Moss
«instance» ,
EL_HerbaceaousGrowthForm: L
LC HerbaceousGrowthForm
— «nstance» o attribute instance - name = Shrubs
EL Stratum 3 Shrubs: L.C Stratum presenceType = conditional
! «instance»
EL_Shrubs: LC Shrub
«instance» .. 0000 Fe------------- . . o
EL Strat LT < LC)strat attribute instance - name = Trees
' «instance»
| ELT Decid LCT

? «instance»

EL_WoodylLeafPhenology 1: LC Deciduous

— «instance»
EL_WoodyLeafType 1: LC BroadLeaf
— «instance» . . |
X i [~ 7 attribute instance - percentage =
EL DeadsStatus: LC DeadStatusCharacteristic 60% ; 80%

«instance»

EL U Age 1:LC U AgeCl s

«instance» . . . |
EL_FloristicA Species 1: | - - { attribute instance - speciesName =
LC_FloristicA al - Birch
«instance»

EL TTPW' LC Tree

% «instance»

EL_WoodyLeafPhenology 2: LC_Evergreen

«instance»

EL Woodyl.eafType 2: L.C NeedleLeaf

«instance»

|  EL_UnevenAge 2:L.C UnevenAgeCharacteristic

«instance» . . .
L EL FloristicA Species. 2: | - - | attribute instance - speciesName =
LC_FloristicA Cl P Norway spruce

Figure C.38 — Example of peatland with trees and occasional shrubs class element composition
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D.1 Glos

Annex D
(informative)

Glossary of Land Cover meta-elements

This glossa
in the UML
described.
order does|
this annex

sarv contents
Doty o

TTTTTICTY

ry contains a set of definitions that can be used with the Land Cover meta-elements deseribed

model in Clause 8. The definitions are grouped in generally the same order as the,mod
However, since some terms are used multiple times in the model, such as for attributes,
not match exactly. These terms are an informative part of the model and ane'\Separated
to facilitate referencing and to make it clear that other definitions of terms'can be used.

In order f

some level] The LCML can be used to describe a Land Cover classification syStem with respect to g
of definitiqns of terms. The model provides the structure for subdividing«aLand Cover classifica
system class into the component metalanguage objects that can besused to define it, but a se
definitions| of terms is needed to determine whether a model elemefit(LC_Element subtype) app
The set of ferms used for the comparison can be the set defined_in/this glossary, or it can be anof

defined na
will geners

EXAMPLE
potentially

For a com
useful, the
they would
interopera
bridging o
The definit

In order to

in Table D.].

D.2 Veg

D.2.1 Gr

A growth

the comparison capability of the LCML to work there has to be anagreement on term

ionally or by an organization. However, where terms:differ, a comparison using the L
te different results.

If there is disagreement between two glossaries-on the definition of a tree, then the LCML
[lassify the same item as a tree in one case and a.shrub in another.

barison between two LCML descriptions of two Land Cover classification systems tq
y need to be made using the same glossary of terms. Where terms differ in two glossat

bility that can be addressed by establishing ontologies for each glossary and creatiy

ions in this annex are giver'as one reference glossary.

facilitate referencing, an-alphabetical cross-reference to the items in the glossary is provi
|

btation

pwth forms

orfm\is a group of plants having certain morphological features in common.[26] The L

bl is
the
nto

s at
set
fion
t of
ies.
her
[ML

can

be
ies,

need to be mapped. Establishing-atapping between two glossaries is an issue of semajntic

g a

htological mapping. The establishment of ontologies is beyond the scope of this documjent.

ded

[ML

allows the

Pighf and percentage caver of the different grnw‘rh forms to he cpm‘ifipd

D.2.2 Height

The distance from the ground to the top of an average plant layer (stratum), expressed in metres.

D.2.3 Cover

Cover is the area of incidence of an LCML basic element over the substratum in the area of pertinence of
the basic element. This is expressed as a percentage value.
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D.2.4 Element portioning

Element portioning is the percent value of a single LCML basic element within an area of pertinence
when two or more LCML basic elements are modelled in the same stratum.

D.2.5 Strata portioning

Strata portioning is the percent value expressing the portion by which a stratum comprises a part of the
whole, where the aggregate of multiple related strata is constrained so that the sum of all of the related
strata (projected in orthogonal plane) equals 100 %. This allows one to express the situation where one
canpot see elementsthat are obscured hy other elements _such as not heing able to see henegth the tree
canppy in views from some types of satellite imagery.

D.2.6 Growth form types

A djstinction can be made between the different plant growth forms on the basis!\6f their physiognomic
aspects. Woody plants (sub-divided into Trees and Shrubs) are distinguished from Herbacegus growth
forms (which are sub-divided into Forbs and Graminoids), Lichens/Mossés and Algae.|Additional
growth form criteria can also be used to undertake a further sub-division, for example: th¢ quality of
the|main axis of shoots can be used to distinguish Woody from Herbdceous; branching symmetry to
disfinguish Trees from Shrubs; and physiognomy of the herbaceoils plants to distinguish Forbs from
Grapninoids and Lichens/Mosses.[381[26]

D.2.7 Woody

Pergnnial plants with stem(s) and branches from which buds and shoots develop are defined as woody.
(191 |Semi-woody plants are included here.[1Z] Depending on the branching symmetry, a digtinction is
madle between Trees and Shrubs.[28] With reference to the International Classification and Mapping of
Vegetation, palms, tree ferns, etc. can also belofig to this category. Depending on branching|symmetry
and|their height, they are classified as Trees or*Shrubs.

D.2.8 Trees

A tyjee is defined as a woody perennial plant with a single, well-defined stem carrying a m¢re-or-less-
defined crown.[21]

A cpndition of Height is applied to separate Trees from Shrubs: woody plants higher than 5 m are
clagsified as Trees. In cofitrast, woody plants lower than 5 m are classified as Shrubs. This general rule
is stibject to the following exception: a woody plant with a clear physiognomic aspect of a free can be
clagsified as Trees-even if the Height is lower than 5 m. In this case, a sub-condition of physiognomic
aspect is added o the Height condition.

NOTE Plants essentially herbaceous but with a woody appearance (e.g. bamboos and ferns) are flassified as
Tregs if thetheight is more than 5 m and as Shrubs if the height is less than 5 m.

D.2.9)Shrubs

Shrubs are woody perennial plants with persistent woody stems and without any defined main stem,
being less than 5 m tall.[21] The growth habit can be erect, spreading or prostrate.

A condition of Height is applied to separate Trees from Shrubs: woody plants higher than 5 m are
classified as Trees. In contrast, woody plants lower than 5 m are classified as Shrubs. This general rule
is subject to the following exception: a woody plant with a clear physiognomic aspect of trees can be
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classified as Trees even if the Height is lower than 5 m. In this case, a sub-condition of physiognomic
aspect is added to the Height condition.

NOTE Plants essentially herbaceous but with a woody appearance (e.g. bamboos and ferns) are classified as
Trees if the height is more than 5 m and as Shrubs if the height is less than 5 m. In addition, for the element Woody
(indistinct and/or intricate mixture of trees and shrubs), the higher limit is set at 7 m. This category includes:
other Woody plants that are not ‘shrublike’ (e.g. ground lianas), Welwitschia and plants that are definitely not
herbaceous (e.g. agave and cactoids).

D.2.10 Leaf phenology properties for woody growth forms

D.2.10.1 Leaf phenology

The leaf pHenology is the study of leaf occurrence throughout the year in woody plants. Twe types|can
be distingyished: Evergreen and Deciduous.

D.2.10.2 Bvergreen

This term [describes the phenology of perennial woody plants that are neverentirely without gijeen
foliage.[21]

D.2.10.3 Deciduous

This appli¢s to the phenology of perennial woody plants that are léafless for a certain period dufing
the year.[2]] The leaf shedding usually takes place simultaneously:in connection with the unfavoursble
season.[40]

D.2.11 Leaf type properties for woody growth forms

D.2.11.1 Leaf type

—n

Leaf type is applied only when characterizing(Woody Growth Forms (Trees and Shrubs). A distincfion

is made befween Broadleaf, Needleleaf and Aphyllous.

D.2.11.2 Broadleaf
This referd to trees and shrubs ef the botanical group Angiospermae, with Gingko (Gingko biloba) af an

exception, jas it is broadleaved-but taxonomically belongs to the Gymnospermae. Both Evergreen and
Deciduous|species belong to:this category.

D.2.11.3 Needleleaf

leaves. Includéd¥in this category are both evergreen conifers like pines (Pinus spp.), hemlock (Tquga
spp.) and firs (Abies spp.), etc., as well as deciduous conifers like larch (Larix spp.). Scale-like leapes,
especially leaves of arbor vitae (Thuja occidentalis) are also included. Contrary to usual definitions, this
category includes all plants with needle-like leaves, even though they are not conifers, such as some
Australian acacias (e.g. Acacia asparagoides).

This refers|to treésand shrubs of the botanical group Gymnospermae,[21l carrying typical needle-shIed

D.2.11.4 Aphyllous

This category includes plants without any leaves and plants that apparently do not have leaves in the
common sense. In the first case, photosynthesis takes place through other organs, like stems, branches
and twigs; in the latter case, the leaves are very short-lived or extremely reduced to scales and thorns.
Characteristic genera are: Casuarina, Euphorbia, Tamarix and many others mostly found in arid and
semi-arid regions.[26]
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D.2.11.5 Broadleaf properties

The properties of broadleaf leaves can be further characterized by leaf “Arrangement” on the stem, leaf

“Shape” and leaf “Venations”.[22]

D.2.12 Leaf arrangement

There are four main categories of leaf arrangements on the stem.

— Alternate: one leaf attached at each node, leaves alternate direction along the stem.

— A (also catted Rosulate)T teaves form a FoSerle, 1.6, a circular arrangement of teaves, with all
the leaves at a single height. Helical elongated is with leaves at different heights (i.e.with elongated

internodes).

— |Opposite: two leaves attached as pairs at each node. They can be decussate: each succedsive pair is

plane.

— |Whorled: three or more leaves are attached at each node on the Stem. As with oppo
successive whorls can or can not be decussate.

D.213 Broad leaf shape

The following terms can be used to describe plant leaf shapes.
— |Acicular (acicularis): slender and pointed, needle-like:
— [Acuminate (acuminata): tapering to a long point.

— |Aristate (aristata): ending in a stiff, bristle-like point.
— |Bipinnate (bipinnata): each leaflet also‘pinnate.

— |Cordate (cordata): heart-shaped;-stem attaches to cleft.
— |Cuneate (cuneata): trianguldy, stem attaches to point.
— | Deltoid (deltoidea): triangular, stem attaches to side.
— |Digitate (digitata)ydivided into finger-like lobes.

— | Elliptic (elliptica)”oval, with a short or no point.

— |Falcate (fdleata): sickle-shaped.

— |Flabellate (flabellata): semi-circular, or fan-like.

— |Hastate (hastata): shaped like a spear point, with flaring pointed lobes at the base.

rotated 90° progressing along the stem; or distichous: pairs do not rotate buit are in the same flat

Kite leaves,

— Lance-shaped, lanceolate (lanceolata): long, wider in the middle.

— Linear (lineariz): long and very narrow.

— Lobed (lobata): with several points.

— Obcordate (obcordata): heart-shaped, stem attaches to tapering point.
— Oblanceolate (oblanceolata): top wider than bottom.

— Oblong (oblongus): having an elongated form with slightly parallel sides.

— Obovate (obovata): teardrop-shaped, stem attaches to tapering point.
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— Obtuse (obtusus): with a blunt tip.

— Orbicular (orbicularis): circular.

— Ovate (ovata): oval, egg-shaped, with a tapering point.
— Palmate (palmata): divided into many lobes.

— Pedate (pedata): palmate, with cleft lobes.

— Peltate (peltata): rounded, stem underneath.

— Perfoliate (perfoliata): stem through the leaves.

— Pinnate (pinnata): two rows of leaflets.

— Pinnatiisect (pinnatifida): cut, but not to the midrib (in this case it would be pinnate);
— Reniform (reniformis): kidney-shaped.

— Rhomlboid (rhomboidalis): diamond-shaped.

— Round|(rotundifolia): circular.

— Sagittate (sagittata): arrowhead-shaped.

— Spatulpte, spathulate (spathulata): spoon-shaped.

— Spear-ghaped (hastata): pointed, with barbs.

— Subulate (subulata): awl-shaped with a tapering point.

— Sword}shaped (ensiformis): long, thin, pointed.

— Trifoliate, ternate (trifoliata): divided into three leaflets.

— Tripinnate (tripinnata): pinnately compound in which each leaflet is itself bipinnate.
— Truncate (truncata): with a squared off end.

— Unifoliate (unifoliata): with a single leaf.

D.2.14 Brpadleaf venation

Leaf venat]on is the arrangement of the veins on the leaf. The following terms can be used to desctibe
leaf venatipn.

— Dichotpmoussthere are no dominant bundles, with the veins forking regularly by pairs. An exanple
is the (iinkge and some pteridophytes species.

- Pinna 1cti\,ulatc. t}lC VCillD dal iDC }Jiuuatc}_y fl Ulll d DillS}C lllid VCill Cllld ou‘udividc illtU VCill etS-
These, in turn, form a complicated network. This type of venation is typical for (but by no means
limited to) dicotyledons.

— Palmate reticulate: palmate-netted, palmate-veined, fan-veined; several main veins diverge from
near the leaf base where the petiole attaches, and radiate toward the edge of the leaf; e.g. most Acer
(maples).

— Parallel (expanded leaf): three main veins branch at the base of the lamina and run essentially
parallel subsequently, as in Ceanothus. A similar pattern (with 3-7 veins) is especially conspicuous
in Melastomataceae.
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