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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 1SO
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
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| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart2.
ask of technical committees is to prepare International Standards. Draft International Stand
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| Standard requires approval by at least 75 % of the member bodies casting'a.vote.
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Introduction

ISO 19111 describes the elements necessary to fully define various types of reference systems used for
spatial referencing by coordinates. In ISO 19111, a coordinate is one of n scalar values that define the position
of a point. ISO 19111 allows for coordinates which are angular, such as latitude and longitude, or linear, such
as easting and northing. It also describes the concept of a compound coordinate reference system, which
usef at least two dependent coordinate reference systems to describe a three-aimensionat spatigl position.

Scigntific communities, especially those concerned with the environmental sciences, frequently express
spatial position partially in terms of a parameter or function. Within these communities, this parameter or
fungtion is treated as a coordinate. Its relationship with a spatial dimension will, ustally be| non-linear.
Examples are widespread, but latitude, longitude and pressure is a commonly encountered example.

Thig part of ISO 19111 defines a parametric coordinate reference system using.the concepts of ISO 19111.
The| provisions of ISO 19111 are then used to include a parametric coordinate reference system @s part of a
compound coordinate reference system. Optionally, time can also be included as an additiona| axis or as
axes.

© 1SO 2009 — All rights reserved Vv


https://standardsiso.com/api/?name=ebb3cea9cf1da7d71ec0c9fa420bb64a



https://standardsiso.com/api/?name=ebb3cea9cf1da7d71ec0c9fa420bb64a

INTERNATIONAL STANDARD ISO 19111

-2:2009(E)

Geographic information — Spatial referencing by
coordinates —

Thig

Scope

part of ISO 19111 specifies the conceptual schema for the description ‘of spatial refere

ncing using

parametric values or functions. It applies the schema of ISO 19111 to ,combine a position referenced by

coo
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rdinates with a parametric value to form a spatio-parametric coordinate reference system
io-parametric CRS can optionally be extended to include time.

bmeters which are attributes of spatial locations or features, but which are not involved in
rencing, are not addressed by this part of ISO 19111.

Conformance requirements

CRS for which conformance to this part of'ISO 19111 is claimed shall be in accordance with A|

Normative references

following referenced documents are indispensable for the application of this document
rences, only the cited"edition applies. For undated references, the latest edition of the
Lment (including any-amendments) applies.

19111:2007, Geographic information — Spatial referencing by coordinates

Terms and definitions

For

intended users of this part of ISO 19111 are producers and users of environmental informatior.

CRS). The

heir spatial

nnex A.

For dated
referenced

the purposes of this document the terms and definitions of ISO 19111 and the following apply.

41

parametric coordinate system
one-dimensional coordinate system where the axis units are parameter values which are not inherently spatial

4.2

parametric coordinate reference system
coordinate reference system based on a parametric datum

© 1SO 2009 — All rights reserved
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4.3

parametric datum
datum describing the relationship of a parametric coordinate system to an object

NOTE

4.4

The object is normally the Earth.

spatio-parametric coordinate reference system
compound coordinate reference system in which one constituent coordinate reference system is a parametric

nce

with
d in

coordinate reference system and one is a spatial coordinate reference system
NOTE Normally the spatial component is “horizontal” and the parametric component is “vertical”.
4.5
spatio-parametric-temporal coordinate reference system
compound foordinate reference system comprised of spatial, parametric and temporal coordinate referg
systems
5 Conventions
5.1 Abbreviated terms
CCRS Cdmpound Coordinate Reference System
CRS Cqordinate Reference System
CS Cqordinate System
GML Ggography Markup Language
UML Urlified Modelling Language
5.2 UML]notation
In this part pf ISO 19111, the conceptual schema for describing spatio-parametric referencing is modelled
the Unified| Modelling Language (UML). The basic data types and UML diagram notations are define
ISO/TS 19103 and ISO/IEC 19501.
5.3 Attribute status
In this part ¢f ISO 19441, attributes are given an obligation status:
Obljgation™ Definition Meaning
M Mandatory This attribute shall be supplied
0] Optional This attribute may be supplied.

In Tables 1 to 3, the “Maximum occurrence” column indicates the maximum number of occurrences of

attribute val

ues that are permissible, with “N” indicating no upper limit.

© 1SO 2009 — All rights reserved
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6.1

Spatio-parametric referencing

Overview

ISO 19111-2:2009(E)

ISO 19111 defines a coordinate reference system (CRS) as a coordinate system which is related to an object
(such as the Earth) by a datum. A coordinate system (CS) is a set of mathematical rules for specifying how
coordinates are to be assigned to points. A coordinate system will have one or more axes. A datum defines
the position of the origin, the scale, and the orientation of a coordinate system. ISO 19111 describes several
subtypes of coordinate reference system, coordinate system and datum. This part of ISO 19111 defines a
further subtype of each to accommodate parametric referencing.

6.2| Parametric coordinate reference system
A pprametric coordinate reference system shall be a subtype of a single CRS. Figure 1" shows the UML
schema, which shall consist of one parametric coordinate system and one parametric.datum, these elements
being according to 6.3 and 6.4.
Table 1 specifies the attributes of a parametric coordinate reference system inherited from SC_SingleCRS.
<<Type>>
SC_CRS
(from coordinate reference systems)
dered
<<Type>> 0.* CoordinateSystem for e;?*) <<Type>>
SC_CompoundCRS SC_SingleCRS
(from coordinate reference systems) +compoundGRS  +componentReferenceSystem (from coordinate reference systems)
<<Type>>
SC_ParametricCRS
Figure 1 — UML schema for parametric CRS
© 1SO 2009 — All rights reserved 3
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Table 1 — Defining elements of SC_ParametricCRS class

Description: One-dimensional coordinate reference system which uses parameter values or functions.
Stereotype: Type

Class attribute: Concrete

Inherited from: SC_SingleCRS

Association roles:

(associations inherited from SC_SingleCRS)

(aggregation) datum to CD_ParametricDatum [1], association named DefiningDatum
(aggregation) coordinateSystem to CS_ParametricCS [1], association named CoordinateSystem

Public attribfites:

SIX attributes Inherited from SC_SIngleCRS:

Attributg
name

UML identifier

Data type

Obligation

Maximum
occurrence

Attribute description

CRS name

Name

RS_Identifier

M

1

This is the primary name for thq

CRS. Aliases and other identifi¢
may be given through the
attributes alias and identifier.

An alias_by which this CRS is
known«

=

S

CRS alias Alias GenericName (0] N

An identifier which references
elsewhere the CRS's defining
information; alternatively, an

identifier by which this CRS can be
referenced.

CRS identifi Identifier RS_Identifier (0] N

11
=

CRS scope Scope CharacterString M N Description of usage, or limitatipns
of usage, for which this CRS is
valid. If unknown, enter "not

known".

CRS validity domainOfValidity | EX_Extent 0] N Area or region or timeframe in

which this CRS is valid.

CRS remark Comments or information on th|s
CRS, including data source

information.

Remarks

)

CharacterString (0] 1

6.3 Parametric coordinate system

A coordinatge system shall £e)of the parametric type if a physical or material property or function is used ag the
dimension. [The parameter-—can be measured or could be a function defined in other contexts, but in paramgtric

coordinate $ystems itfofms the coordinate system axis.
EXAMPLE 1 Pressure in meteorological applications
EXAMPLE 2 nnneif\ll (ienp\]/r‘nnlc) n nr\nnnngraphir\ arr_\rr_\lir‘::finne

A parametric coordinate system shall be a subtype of a coordinate system and shall be used as a part of a
parametric coordinate reference system. Figure 2 shows the UML schema and Table 2 describes the
attributes, inherited from CS_CoordinateSystem, as defined in ISO 19111.

A parametric coordinate reference system shall be one-dimensional and shall have one axis. The defining
elements are described in ISO 19111:2007, Tables 27 and 28.

4 © 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=ebb3cea9cf1da7d71ec0c9fa420bb64a

ISO 19111-2:2009(E)

Table 2 — Defining elements of CS_ParametricCoordinateSystem class

Figure 2 — UML schema for parametric coordinate system

<<Type>> 0..* CoordinateSystem 1 <<Type>> 0.*
SC_SingleCRS CS_CoordinateSystem
(from coordinate reference systems) +referenceSystem  +coordinateSystem (from coordinate systems) +coordinateSystem
JA JA 1.
+axis | (ordered)
<<Type>>
CS_CoordinateSystemAxis
(from coordinate systems)
+axis 1
<<Type>> 0.* CoordinateSystem 1 <<Type>> 0.*
SC_ParametricCRS +referenceSystem +coordinateSystem CS_ParametricCS +coordinateSystem

Inh

brited from:

CS_CoordinateSystem

Degcription: One-dimensional coordinate reference system which uses.parameter values or funpctions. The
values or functions can vary monotonically with height.
A ParametricCS shall have one axis association.

Stefeotype: Type

Claps attribute: Concrete

Asgociation roles:  (aggregation) coordinateSystem fromSC_ParametricCRS [1], association named
CoordinateSystem (reverse: referenceSystem to SC_ParametricCRS [0..*] navigable only from
SC_ParametricCRS — see Table'1)
(associations inherited from ‘€S’ CoordinateSystem, including (aggregation) axis
to CS_CoordinateSystemAkis [1])

Puflic attributes: Four attributes inherited\from CS_CoordinateSystem:

Attribute . UM.L. Data type Obligation Maximum Attribute descriptign
name identifier occurrence

CS|nhame Name RS, ldentifier M 1 This is the primary name for thg coordinate
system. Aliases and other idenfifiers may
be given through the attributes plias and
identifier.

CSlalias Alias GenericName (0] N An alias by which this coordinate system is
known.

CS|identifier—|identifier RS_ldentifier (0] N An identifier which references glsewhere
the coordinate system's defining
information; alternatively, an identifier by
which this coordinate system can be
referenced.

CSremarks |remarks CharacterString (0] 1 Comments or information on this
coordinate system, including data source
information.

© 1SO 2009 — All rights reserved
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6.4 Parametric datum

A parametric datum shall be a subtype of a datum. It shall be used as a part of a parametric coordinate
reference system. Figure 3 shows the UML schema. Table 3 describes the attributes, inherited from

CD_Datum, as defined in ISO 19111.

<<Type>> 0.*  DefiningDatum 0. <<Type>>
SC_SingleCRS CD_Datum
(from coordinate reference systems) +referenceSystem +datum (from datums)
<<Type>> 0.* DefiningDatum 1 <<Type>>
SC_ParametricCRS +referenceSystem +datum CD_ParametricDatum

Figure 3 — UML schema for parametric datum

© 1SO 2009 — All rights reserved
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Table 3 — Defining elements of CD_ParametricDatum class

Association roles:

Description: A textual description and/or a set of parameters identifying a particular reference surface used as
the origin of a parametric coordinate system, including its position with respect to the Earth

Stereotype: Type

Class attribute: Concrete

Inherited from: CD_Datum

(aggregation) datum to CD_ParametricDatum [1], association named DefiningDatum (reverse:
referenceSystem to SC_ParametricCRS [0..*] navigable only from SC_ParametricCRS — see

Pul

lic attributes:

Tahle 1)

Eight attributes inherited from CD_Datum:

At

ribute name

UML identifier

Data type

Obligation

Maximum
occurrence

Attribute-descrip

ion

Dat

Lm name

Name

RS_Identifier

M

1

This is the primary name fg
Aliases and.other identifier
given through the attributes
identifier.

r the datum.
5 may be
alias and

Dat

um alias

Alias

GenericName

An/alias by which this datum is known.

Dat

um identifier

Identifier

RS_Identifier

An identifier which referend
elsewhere the datum's defi
information; alternatively, a|
by which this datum can bg

es
hing

h identifier
referenced.

Dat

LUm anchor

anchorDefinition

CharacterString

The datum definition: a deq
possibly including coordina|
identified point or points, of
relationship used to anchor
coordinate system to the E
alternative object.

For a parametric datum, th
may be an identified physid
with the orientation defined
the surface.

cription,
tes of an
the

the

arth or

b anchor
al surface
relative to

Dat
rea

um
ization epoch

realizationEpoch

Date

The time after which this dgtum

definition is valid. This time
given to any precision.

may be

Dat

LIm Scope

Scope

CharacterString

Description of usage, or lim
usage, for which this datumn

unknown, enter “not known[’.

itations of
is valid. If

Dat

um validity

domainOfValidity

EX_Extent

Area or region or timeframg
this datum is valid.

b in which

Dat

Um remarks

Remarks

CharacterString

Comments or information @
datum, including data sour

mnformation

n this
e

6.5 Spatio-parametric coordinate reference system

ISO 19111 describes the concept of, and UML schema for, a compound coordinate reference system (CCRS).

A spatio-parametric coordinate reference system shall be a compound CRS in which one component is a
geodetic 2D, projected or engineering 2D CRS, supplemented by a parametric CRS to create a
three-dimensional CRS. See Figure 4. An example is included in Annex B.

The geodetic 2D CRS may be the horizontal component of a geodetic 3D CRS.

© 1SO 2009 — All rights reserved
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Spatio-parametric CRS

Geodetic 2D CRS
or
Projected CRS
or
Engineering 2D CRS

is composed of

and

Parametric CRS

6.6 Spatio-parametric coordinate reference system with time

Figure 4 — Conceptual model of spatio-parametric CRS

Using the provisions of ISO 19111, any of the above-listed combinations forming a spatio-parametric CRS
may be associated with a temporal CRS, as described in ISO 19108, to form a spatio-parametric-tempgoral
CCRS. Morg than one temporal coordinate reference system may be included if these axes represent diffgrent
time quantifies. Nesting of CCRS shall not be permitted — the individual single«systems shall be aggregated
together. Figure 5 shows the possible composition of a spatial, a parametric and a temporal CRS in a spatio-

parametric-femporal CCRS.

Geodetic 2D CRS
or
Projected CRS
or
Engineering 2D CRS

Figure 5 — Conceptual model of CCRS including spatial, parametric and temporal CRS

6.7 Transformation and-conversion of parametric coordinate reference systems

and

Compound CRS

is composed of

Paramgetric CRS

and

Temporal CRS

ISO 19111 describes theschema for changing coordinates from one coordinate reference system to another.

This schema may belapplied to parametric, spatio-parametric and spatio-parametric-temporal CRS.

© 1SO 2009 — All rights reserved
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Annex A
(normative)

Conformance

Conformance of parametric CRS

A1

To
part

A1

a)

b)

c)

d)
AA1

a)

b)

c)

d)
AA1

a)

L1 Abstract test suite

Jetermine whether a coordinate reference system including parametric values is in conformar
of ISO 19111, check that it is in accordance with A.1.2 to A.1.4.

.2 Conformance of a parametric CRS

Test purpose: to determine whether all of the relevant entities and elemments specified as being
or mandatory under the conditions specified have been provided inthe description.

Test method: check the parametric coordinate reference systém description to ensure that it in
minimum all of the elements indicated as mandatory in Tables 1 to 3.

Reference: 6.2 to 6.4.

Test type: capability.

.3 Conformance of a spatio-parametric CRS

Test purpose: to determine whether.all,of the relevant entities and elements specified as being
or mandatory under the conditions specified have been provided in the description.

Test method: check the spatio-parametric coordinate reference system description to en
includes as a minimum all 'of the elements indicated.

Reference: see 6.5 ,and/ISO 19111:2007, Clause 8.
Test type: capability.
L4 Conformance of a spatio-parametric-temporal CRS

Test purpose: to determine whether all of the relevant entities and elements specified as being
af-mandatory under the conditions specified have been provided in the description.

ce with this

mandatory

cludes as a

mandatory

sure that it

mandatory

b)

c)

d)

Test method: check the spatio-parametric-temporal coordinate reference system description to ensure

that it includes as a minimum all of the elements indicated.
Reference: 6.6 and ISO 19111:2007, Clause 8.

Test type: capability.

© 1SO 2009 — All rights reserved
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A.2 Conformance of coordinate operation

A.2.1 Abstract test suite

To determine whether a coordinate transformation or coordinate conversion operating on a parametric CRS is
in conformance with this part of ISO 19111, check that it is in accordance with A.2.2.

A.2.2 Coordinate operation on a parametric CRS

a) Test purpose: to determine whether all of the relevant entities and elements specified as being mandatory
or mandatory under the conditions specified have been provided in the description.

b) Test method: check the coordinate operation description to ensure that it includes as a minimum-all of the
elemernts indicated as mandatory.

c) Referepce: 6.7 and ISO 19111:2007, Clause 11.

d) Test type: capability.

10 © ISO 2009 — Al rights reserved
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Annex B
(informative)

Examples

B.1 Introduction

eral examples are given below to illustrate how to apply this part of ISO 19111 when defining-c
rdinate reference system (CRS). The examples give both UML identifier and attributeyname

processing purposes, the UML identifier should be used. When presenting CRSymetadat
gs, the attribute name should be given.

SeV
coo
data
beir

Thrge examples are given below: a parametric coordinate reference system usifg a parameter (
parametric CRS using a function (potential vorticity), and a spatio-parametric CRS.

B.2 Parametric CRS using parameter (pressure)
bmetric pressure is the basic measure of height used in aviation‘and meteorology, but the exac

height depends on current conditions in the local atmaspheric profile. In 1951, the Intern
tion Organisation (ICAO) incorporated the internatiohal standard atmosphere (ISA) into i
). There have been a number of extensions since, upo 80 km. With the publication of 1ISO 25
andard atmosphere in the range 2 000 m to 5 000 m.was established?). See References [1] an

ight in the atmosphere is measured by barometric pressure which is monotonically decreasin
ugh the ISA is calibrated in both thousands of feet and in metres, it does not measure trug

Theldatum is set at mean sea-level pressure in the standard atmosphere at 1 013,25 hectopascals
expfessed in the non-Sluhit'of millibars (mb)]3).

NOTE When aircraft’fly at low level over topography, air traffic control (ATC) regulations set a transitior
or aftitude below which the ISA does not apply, but at which the reference atmosphere does. This invo
resqtting the datum-to ensure the aircraft is above all topography. The new datum (known as QNH) is transm|
fron] ATC, and.is the lowest pressure (reduced to mean sea level) forecast for the next 3 h in the low-flying
current aerodrome pressure (QFE) if the aircraft is about to land.

parametric
L For digital
b to human

bressure), a

t translation
ational Civil
hternational
33in 1975,
l [5].

g in height.
height, but

(e.g. FL320
gh radar or
the pilot is

(hPA) [also

al flight level
ves the pilot
tted by radio
zone, or the

1) Convention on International Civil Aviation (the Chicago Convention 1947), Annex 8.

2) The US, ICAO and WMO (World Meteorological Organization) standard atmospheres are the same as the 1SO

standard atmosphere for altitudes up to 32 km.

3) For aviation in North America, by practice and by law, the datum is expressed as 29.92 in and hundredths of mercury.

© 1SO 2009 — All rights reserved
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UML identifier
SC_ParametricCRS

name:

alias:
scope:

domainOfValidity

Attribute

Parametric CRS name

CRS alias
CRS scope
CRS validity

Entry

ICAO international standard
atmosphere (ISA)

WMO standard atmosphere
Aviation, meteorology

2 km to 80 km in the free
atmosphere (above
topography)

Comment

This is an optional attribute.

remarks:

CS_ParametrjcCS
name:

remarks:

CRSTemmarks

Parametric coordinate system name

CS remarks

From2kmrto-S2+&mm;

equivalent to ISO 2533:1975

Aviation flight levels

Flight level FL320 is 32 000 ft
(as geopotential height)

CS_CoordinajeSystemAxis (attributes are given in 19111:2007, Table 27)

name:
axisAbbre
axisDirectipn
axisUnitID

minimumValue

maximumValjie

rangeMeanin

remarks:

CD_ParametiicDatum

name:

alias:

scope:
anchorDefjnition:

remarks:

Coordinate system axis name
Coordinate system axis abbreviation
Coordinate system axis direction
Coordinate system axis unit identifier

Coordinate system axis minimum
value

Coordinate system axis maximum
value

Coordinate system axis range
meaning

CS axis remarks

Parametric datum.name

Datum alias

Datum.sCope
BDatum anchor

Datum remarks

Flight level

FL

Up

Geopotential metres

2000

80 000

Exact

Used only above legal
transitional altitude in regions
with topography

Standard atmospheric
pressure

Mean sea level pressure
(MSLP)

Aviation, meteorology
Mean sea level

1 013,25 hPa

FhisTsamoptiomat-attributg.

This is an.optional attributg.

This is an optional attributg.

This is an optional attributg.

This is a conditional attribJte.

This is an optional attributg.

This is an optional attributg.

This is an optional attributg.

This is an optional attributg.

12
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B.3 Parametric CRS using function (potential vorticity)

Potential vorticity (PV) is a function which varies strongly with height. One common application of PV levels is
to show values of fields on a single level of 2 PV units (1 PV unit = 108 m=2 s~1 K kg™1), as this is a PV value
often taken to denote the mid-latitude tropopause.

The PV is the absolute circulation of an air parcel that is enclosed between two isentropic surfaces. In the
following equation, the PV is the product of absolute vorticity on an isentropic surface and the static stability.
Thus, PV consists of two factors: a dynamical element and a thermodynamical element.

whdre

Wit
fro

the potential vorticity within the area of the tropopause are from 1 (tropospheric air) to 4 (stratosph
unitg. Typically, the 2 PV unit anomaly, which separates tropospheric from stratospheric air, is re

20
dp

PV="¢(Co77)

f is the Coriolis parameter;

g is the gravitational acceleration;
p is the pressure;

© s the potential temperature;

$o s the relative isentropic vorticity.

the troposphere to the stratosphere due to the significant change in the static stability. Typical

in the troposphere, the values of PV are usually low,; However, the potential vorticity incregses rapidly

changes of
eric air) PV
ferred to as

dynpmical tropopause. The traditional way of describing the tropopause is to use the potential temperature or

stat|c stability. This is only a thermodynamicalway of characterizing the tropopause. The benefit
is that the tropopause can be understood;in both thermodynamic and dynamic terms. An abrug

lowg¢ring of the dynamical tropopausSe“can also be called an upper PV anomaly. When 1
strafospheric air penetrates into_ the troposphere, resulting in high values of PV with res
suroundings, creating a positivesPV anomaly. In the lower levels of the troposphere, strong baro
ofteh occur which can be regarded as low level PV anomalies. Due to the conservation of PV
features that are related to_synoptic-scale weather systems can be identified and followed in spac
in time.
UML identifier Attribute Entry Comment
SC _|ParametricCRS

rame: Parametric CRS name Potential vorticity functional

CRS
dcope: CRS scope Meteorology

of using PV
t folding or
his occurs,
pect to the
clinic zones
, significant
p as well as

CS_ParametricCS

name: Parametric coordinate system name Potential vorticity functional
CS
CS_CoordinateSystemAXxis (attributes are given in 19111:2007, Table 27)
name: Coordinate system axis name Potential vorticity
axisAbbrev Coordinate system axis abbreviation PV
axisDirection Coordinate system axis direction Upward
axisUnitID Coordinate system axis unit identifier ~PVU
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