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Abstract

This document proposes a set of best practicegaidéelines for implementing and using the Open

Geospatial Consortium (OGC) Web Map Service (WME3drve maps which are time-dependent
or elevation-dependent. In particular, clarificasoand restrictions on the use of WMS are defined
to allow unambiguous and safe interoperability et clients and servers, in the context of expert
meteorological and oceanographic usage and nomtempage in other communities. This Best

Practice document applies specifically to WMS wamsil.3, but many of the concepts and

recommendations will be applicable to other versiohWMS or to other OGC services, such as
the Web Coverage Service.

Keywords
The following are keywords to be used by searchnesgand document catalogues:

meteorology oceanography time elevation 'time-ddpet) 'elevation-dependent' wms 'web
map service' 1.3 1.3.0 ogc 'best practice' ogcdoc

Preface

This Best Practice document is the result of disicuns within the Meteorology and Oceanography
Domain Working Group (MetOcean DWG) of the Techhi€@ommittee (TC) of the Open
Geospatial Consortium (OGC) regarding the use ®fQGC Web Map Service (WMS) to provide
map visualizations from the various types of datgutarly produced, analyzed, and shared by those
communities. The discussion considered the diffeenn the types of data as well as the issues,
concerns, and responsibilities of data producersrmdharing those data as maps with end users,
including analysts within the meteorological ancamographic communities, users with specific
needs and the general public. The limited scopth@frequirements and recommendations in this
document reflects the consensus reached by grotipyastly different types of data, limitations in
the current design of the WMS specification, compses to ensure these services remain
applicable to a mass market audience, and a wisbléase a first version of document without
undue delay. Future work includes extending thistB&ractice once the community gains more
experience with WMS and with implementing the psaams of this document. This document does
not require any changes to other OGC specificatimst is hoped that the WMS specification will
evolve to address issues encountered in this wodk @s providing a mechanism to define
exclusive dimensions and to define sparse combinsitof dimensions.

Attention is drawn to the possibility that someha elements of this document may be the subject
of patent rights. The Open Geospatial Consortiuadlsiot be held responsible for identifying any
or all such patent rights.

Recipients of this document are requested to submiih their comments, notification of any
relevant patent claims or other intellectual profyerights of which they may be aware that might
be infringed by any implementation of the standsedl forth in this document, and to provide
supporting documentation when possible.
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1. Introduction

The meteorological and oceanographic communitieve hdeen exchanging information
internationally for at least 150 years and well enstand the importance of geospatial standards for
interoperability. These standards have typicallfijrgel data formats, interfaces, processes, shared
conceptual models, and sustainable maintenancegses.

Because of the demanding nature of meteorological eceanographic data processing, the
communities have evolved domain specific solutidgtiewever, as computers have become more
powerful, it has become feasible to use generabpm@l software for day-to-day operational
purposes, and interoperability problems have ari3éere has also been an increasing need to
combine meteorological and oceanographic data wfitler forms of geospatial data from other
domains, in ways convenient for those domains.

Meteorological and oceanographic data are inhgrentlltidimensional in time and space. Annex
A provides a formalized description of some of tissues for these temporal and spatial
dependencies for the context of Web Map ServiceBIB)V Serving these data through WMS can
be done with a variety of implementation choices#rpretations.

This document describes and justifies a set of kmattices for offering and requesting
meteorological and oceanographic data with temporatlevation dependencies through WMS.
This set of best practices is intended to meeirntteeoperability requirements of the meteorological
and oceanographic communities and enable themhandcustomers to gain the economic benefits
of using commercial off the shelf (COTS) softwarglementations of WMS servers and clients.

1.1 Time

Complex geospatial data such as that in commonbysihe meteorological and oceanographic
communities may be temporally independent or masettae or more temporal dependencies that
may express the relation of the data to differenetreferences such as applicable time, collection
time or other significant times. The WMS specifioatpermits such data to be offered through a
WMS in many different ways including many differetMS layers with or without a temporal
dimension, or as a single WMS layer with many terapaliimensions. This document makes
recommendations to promote interoperability by ®wg on the most common temporal
dependencies in the domain, by developing a camiserminology for such data, and by defining
an approach to structuring such data for distrdyuéis layers in a WMS.

The WMS specification provides for definition otime value, a single timestamp, a time interval,
or a list of timestamps and time intervalstidiestamp t is a sequence c..,G:>, 1< n<7, of time
components, where the components are defined lasvfol

* ¢, Stands for a year. A value is between 1 and 998%ative values or more than 4
characters are also allowed by WMS1.3, Annex DI&@B601.

* Cp stands for a month. A value is between 1 and 12.

» c3stands for a day. A value is between 1 and 31.

* ¢4 Stands for an hour. A value is between 0 and 23.

* s stands for a minute. A value is between 0 and 59.

* (g Stands for a second. A value is usually betweand)59 and rarely 60 for leap seconds.
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e 7 stands for a millisecond. A value is between 0 9@l

The precision of a timestamp t is determined byléisé time component of t. Timestamps may be

associated with a time zone. If no time zone icifipe with a timestamp t, then t is assumed to be
in local time. If a timestamp t should be consideas a time in UTC, then the character Z has to be
added to the string representation of t. The stregyesentation of a timestamp is built from the

time components and specific separators. A fulhgtrepresentation has the following format:

“YYYY-MM-DDThh:mm:ss.SSSZ”

where:

YYYY indicates a 4-digit year

MM indicates a month

DD indicates a day of a month

T is the separator between the date part andrtreegart
hh indicates an hour

mm indicates a minute

ss indicates a second

SSS indicates a millisecond

Z is the time zone designator for the zero UTCaiffs

Timestamps are comparable. A timestampstbefore a time stamp tf and only if the string
representation ofitis lexicographically less than the string représéon of . A timestamp tis
after a time stamp tf and only if the string representation gig lexicographically greater than the
string representation of.tTwo timestamps are equal if and only if theiingjrrepresentations are
equal.

This definition of comparison ensures that two Staenps of different precision are different.
Consider for example the timestamps2013-01-22 and = 2013-01-22T00:00:00Z; has a day
precision andytis exact to a second.is before 1. They are not equal.

A time interval is a triple tin/tmadt Where tin and tax are timestamps that define the lower and
upper bounds of the interval and r is the resatutiche interval contains all timestampg t+i * r,
i >= 0, that are lower or equal thapt

A resolution r is represented by the format FY]Jrin.M] [n3D] [T [nsH] [nsM] [neS]] where

P is a starting character.

Y is the year designator that follows the valydan the number of years.

M is the month designator that follows the valyéan the number of months.

D is the day designator that follows the valgdan the number of days.

T is the time designator that precedes the timepomants of the representation.
H is the hour designator that follows the valydéan the number of hours.

M is the minute designator that follows the valgdéan the number of minutes.

S is the second designator that follows the vajufemthe number of seconds.

A time interval with a resolution value of zero meathat the interval has an infinitely-fine
resolution. It contains all possible timestampsweein the lower and the upper bound of the
interval. In this case the resolution part can betted and the interval should be written as a pair
tmin/tmax-
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Data that have no temporal dependency can be dffase single WMS layers without any
associated temporal dimension. For example, topbgradata or data for the climatological
normal may be offered as WMS layers without any WMS disiens, implicitly making the
assumption that any temporal dependency is irratemeer the time scale under consideration.

Data that have a single temporal association agphe treated simply being offered as single
WMS layers with a single temporal dimension. Faaraple, satellite imagery taken from the same
platform for the same spatial extent at differemnments in time can be offered as a single WMS
layer with a single temporal dimension. Here, tbmpgoral dimension represents a time used to
identify individual satellite products (conventidiyait is usually the beginning or the end of the
scan).

Data that have multiple temporal associations, sisschumerical weather forecasts, series of alerts,
or data associated with trajectories of moving disjedo not have a single obvious representation
as WMS layers. The WMS standard only defines alsitggnporal dimension callethe. Each user
community has the flexibility of defining the usktbat dimension, the possibility of defining other
temporal dimensions for structuring this multi-tesrgd data, and the work of structuring common
metadata using those temporal axes. This may regsslfilitting such data into many layers, each
representing different temporal associations, anguseveral temporal dimensions to reduce the
number of WMS layers.

Numerical weather forecast calculations presentegaample of data with multiple temporal
associations. Numerical weather forecasts, for @kanmay have three separate calculations for air
temperature, each containing 48 forecasts at ssigeed hour intervals. In such a case, the
available combinations of validity time and cald¢ida nominal start time are as shown in the table
below. Columns sharing an “*” across rows indic&tescasts from different calculations (i.e.,
nominal start times) that share the same validitgt

Validity Time of Forecasts
2009-11-26 2009-11-27 2009-11-28
Nominal Start Time 00-12 | 12-00 00-12 12-00 | 00-12 12-00
2009-11-26T00:00 * * * x
2009-11-26T12:00 * * * x
2009-11-27T00:00 * x x x

Table 1: Example of two dimensional time axis fanrerical model forecast data

The forecasts associated with these three calooktmight be represented in a WMS as 144
separate layers (with or without an associated tim@ension) or as a single layer with two time
dimensions. The former approach will result in ydas, more complex capabilities document; the

! WMO defines a normal as “period average compfded uniform and relatively long period comprisiag

least three consecutive 10 year periods.
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latter approach will permit the valid combinatiooEnominal start time and validity time to be
expressed more compactly as a single layer.

Warnings and alerts are common categories of matapcal data that often have multiple
temporal associations. A meteorological warning immessage about a meteorological event that
will probably occur in the future at a geograptocdtion. Typically, a warning becomes effective
when it has been sent out. But, it will be alsogtlle to specify an effective time explicitly. The
validity period of a warning is the period betwettre expected beginning of the event in the
warning and its expiry.

For example, the Common Alerting Protocol (CAP) sfen 1.2, which is an OASIS standard
format for exchanging all-hazard emergency alants@ublic warnings, defines four time attributes
for warnings and alerts. These are detailed irffadhewing table.

Element name | Definition Optionality | Notes

sent The time and date of the | required
origination of the warning

effective The effective time of the optional If the effective time is not explicitly filwed, then
information of the warning this time shall be assumed to be the same as the
sent time.
onset The expected time of the | optional

beginning of the subject
event of the warning

expires The expiry time of the optional If this value is not provided, each reeigiis free
information of the warning to set its own policy as to when the warning is po
longer in effect.

Table 2: Time related attributes in CAP Version 1.2

According to these definitions, the validity periofla warning is the period between the onset time
and the expiry time, if the onset time is givenh@vise, it is the period between the effectivestim
and the expiry time.

A warning is valid at a particular time if it hastrexpired at that moment. A warning situation is a
set of valid warnings at a particular time. A wasituation changes if a new warning is sent out
or if an existing valid warning is withdrawn or mfed. Typical modifications are the adjustment
of the validity period or the change of the seyelével. Figure 1 shows a warning situation off 12
August 2012 at 13:00 UTC drawn as a blue line. diilagram contains five warnings. But only
three of them are part of the warning situatiothattime under consideration because the first two

Noow bhoo

7
1 —

100842 114082 120812 130812 140812 150812 1650812

are or will be expired.
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Figure 1: Example of a warning situation

The WMS specification provides the flexibility afpresenting the warning shown in Figure 1 in a
WMS as five separate layers (with or without a tidiension) or as a single layer with two time
dimensions (e.g., effective time and validity pdjio

Trajectory data present a third example of metegioal data that often have multiple temporal
associations. A trajectory is the path that a mgwbject follows through space as a function of
time.

Trajectories can run forward or backward. Good examof forward trajectories are trajectories for
volcanic ash. They are usually calculated usingititea of a numerical weather forecast calculation.
Such a forward trajectory predicts the movemerdiofmasses from a given geographical position,
the location of the volcano. In this case, theettry has the same temporal associations as the
numerical weather forecast because it is basetesetdata. For example, if the data of the forecast
calculation contain 48 forecasts at successiveut imbervals, then the trajectory can have up to 48
validity times.
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Figure 2: Forward trajectories from the volcanol&at

Consider Figure 2. It shows three forward trajeée®ifor the forecast movement of volcanic ash
released into the upper troposphere at the geoigadpdosition of the volcano Katla in Iceland. The
trajectories are calculated by Deutscher Wetteafigmlobal numerical weather prediction model.
The model output used in this example dates frodB8ATb-16T00:00:00Z and includes forecasts
for seven days. Each trajectory belongs to a diffeheight regime (pink = lower, yellow = middle,

sea green = higher). The temporal resolution isiabdours.

Figure 3 shows another example of trajectory dath wmultiple temporal associations, but for a
hypothetical scenario. The trajectories are catedldor a simulated hydrocarbon leak in the
English Channel at the black dot locating the sewfcthe pollution beginning January™.&t 12:00
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UTC. The marine pollution model of Météo-Franceused for the calculation. The Figure
represents the forecast pollution of the modelisutations on April 23 forecast for April 28 at
12:00 UTC, combining the result of simulations madery 30 minutes over a temporal period of
2460 hours from January 15

Modéle MOTHY
Carte produite le Wed Apr 23 05:58:05 GMT 2008
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4E BE
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Figure 3: Simulation of the resulting hydrocarbpn#iution due to a continuous leak over 2460 hours

1.2 Elevation

Complex geospatial data such as that in commonbysiie meteorological and oceanographic
communities may be independent of elevation or h@se one or more vertical dependencies.

The WMS specification permits such data to be effehrough a WMS in different ways: as many

layers with or without a vertical dimension, or asingle layer with many vertical dimensions.

Elevations can also be specified using multiple suea types including nominal values such as
‘earth surface’ 'tropopause,’ or ‘cloud top’, omeuc values specifying the distance above or below
some vertical datum. Furthermore, data may havdipteilvertical dependencies that are mutually

exclusive; unfortunately the WMS standard does smécify any mechanism to declare two

dimensions on a given layer but make them mutwedtfusive to prevent clients asking for values

in both dimensions at once. This document makesmewendations to promote interoperability by

focusing on the most common elevation dependerngiéise domain, by developing a consistent

terminology for such data, and by defining an apphoto structuring such data for distribution as
layers in a WMS.

The following examples taken from the meteorologmad oceanographic community illustrate
different types of elevation-dependent data:

A data set recording total cloud cover or bathysnetalues may have no elevation
dependency
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A data set recording air temperature at a givaneric height has an elevation dependency
that can be specified by using a numeric valugterelevation and associating that value to
a vertical coordinate reference system (CRS) spagifthe vertical datum anchoring the
height value

A data set recording an environmental parameteraotomputed surface, such as the
tropopause, an isotherm, the base (or top) of abnta surface of constant potential
vorticity, or a jet level, has an elevation deparmethat can be specified using a nominal
value identifying the surface. In general, it issto# these nominal values are defined by
some authority possibly through a controlled vodatyu

» A data set recording ocean salinity at multipleeéi depths has an elevation dependency
that can be specified by using multiple numeriareal for the depths and associating those
values to a vertical CRS specifying the verticdldaanchoring the depth value

« A data set recording the wind speed of one or nameospheric 'layers,’ or 'non-zero
vertical thickness surfaces,' between two isoldatxiels (e.g. 1000-900 hPa) has an elevation
dependency that can be specified, for each lagesugh a pair of numeric elevation values
specifying the bottom and the top of the layer glovith a vertical CRS. The recorded
values are related to the full thickness.

Fully defined vertical CRSs are critical for theper expression of elevation using numeric values.
Sources of predefined vertical CRS definitionsunde:

* World Meteorological Organization (WM@ode Table 4.5
http://www.wmo.int/pages/prog/www/WMO Codes/WMO 30 atestVERSION/LatestVERSION.html

* EPSG Geodetic Parameter Registity://www.epsg-reqistry.org/EPSG
New, custom vertical CRS definitions can be creat®dg the data structures of the standard:

* SO 19111: 2007 Geographic information -- Spateflerencing by coordinates

and expressing those in data structures in angwaral binary formats, notably in XML.

2. Scope

This version of this Best Practice document intardlly addresses a limited number of issues rekated
the use of WMS for time-dependent and elevatioreddpnt data in order to produce an initial
document as a basis for future expansion. The dentiiconsiders the issues with some of the most
common time-dependent and elevation-dependent data.

The document describes how to offer WMS layers for:

» data with no temporal relation to 'validity timee( the Gregorian moment to which the map
applies),
» data with a temporal relation to 'validity timedan
» data with a temporal relation to 'validity timedasso to some other relevant reference time.
The document also describes how to offer WMS lajars

+ data with no vertical dimension,
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» data with a single vertical dimension expressedusseric values, as nominal values, as a zero
thickness surface, or as a non-zero thickness \&lamd

» data with several vertical dimensions based onragpaertical coordinate reference systems.

The document specifies the use of the dimengiors andelevation  defined in the WMS standard
and also the use of a newly defined dimensits#tence_time

The document also specifies constraints on the \behaf WMS clients that have been created
specifically to use WMS implementations that folltdve requirements of this document. This document
specifies a constrained, consistent interpretabbrthe WMS 1.3 standard that is applicable to
government, academic, or commercial providers erausf time-dependent or elevation-dependent data
offered as a WMS product.

This version of this Best Practice document hasnteiny issues out of its scope. Design issues with
WMS such as issues related to offering a large murablayers or to offering data that are updated
frequently were not directly tackled. Issues in Wakflow of users relying of a distributed spatial
data infrastructure such as the discovery of sesyior directly of layers, were not examined. Rules
for the use of data using climatological periodsnatological ranges and non-Gregorian calendars
proved too complex for this version. No work wasieldo address issues related to expressing the
semantic content of particular layers. Developingh@chanism to obtain visualizations of non-
horizontal data such as vertical slices was consttbut rejected as this would require modification
of the design of WMS itself. Related work on theemationalization of human visible text and on
styling has been undertaken as separate efforts.

3. References

The following normative documents contain provisiothat, through reference in this text,
constitute provisions of this document. For dateferences, subsequent amendments to, or
revisions of, any of these publications do not gppbr undated references, the latest edition ®f th
normative document referred to applies.

CAP Common Alerting Protocol Version 1.2, OASISritard, 2010-07-0http://docs.oasis-
open.org/emergency/cap/vl.2/CAP-v1.2-0s.html

ISO 8601:2004, Data elements and interchange farmalnformation interchange —
Representation of dates and times.

ISO 19111:2007 Geographic information -- Spatiémencing by coordinates.
ISO 19156:2011, Geographic information -- Obseoratiand measurements.

OpenGIS® Web Map Server Implementation Specificatfersion 1.3.0. 2006-03-15.
http://portal.opengeospatial.org/files/?artifact1d416.

WMO No. 306, Manual on Codes, World Meteorologi@agianization operational data formats.
http://www.wmo.int/pages/prog/www/WMOCodes/WMO3082A.atestVERSION/LatestVERSION.html
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4. Terms and Definitions

This document uses the terms defined in Sub-claigef [OGC 06-121r8], which is based on the
ISO/IEC Directives, Part 2: Rules for the structanel drafting of International Standards.

In particular:

1. SHALL - verb form used to indicate a requirement tothetly followed to conform to this
document, from which no deviation is permitted.

2. SHOULD - verb form used to indicate desirable abilityuse, without mentioning or
excluding other possibilities.

3. MAY - verb form used to indicate an action permissiatiin the limits of this document.
For the purposes of this document, the followinditnal terms and definitions apply.

4.1 Client
Software component that can invokeageration from aserver

4.2 Elevation

Vertical distance of a point or level, above ordvelsome datum, expressed in a predefined
Coordinate Reference System

4.3 Feature
Abstraction of real world phenomena [ISO 19101:2@G@inition 4.11]

4.4 Feature collection

A collection of features together with a set ofgedies that apply to these features. GML defines
an XML schema for feature collections. When a GatiieInfo request is made for GML output,
data is always returned as a GML feature collection

4.5  Geographic information

Information concerning phenomena implicitly or agjply associated with a location on Earth [ISO
19101]

4.6 Interface
Named set obperationsthat characterize the behaviour of an entity [|SQ19]

47  Layer
Basic unit ofgeographic information that may be requested amap from aserver

4.8 Map

Portrayal ofgeographic information as a digital image file suitable for display on @nputer
screen
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4.9 Named surface

Surface of specific interest for meteorology, o@gaaphy or users that meets predefined physical
criteria such as TROPOPAUSE, LEVEL_OF_MAXIMUM_WIND

4.10 Operation
Specification of a transformation or query thabhject may be called to execute [ISO 19119]

4.11 Portrayal
Presentation of information to humans [ISO 19117]

4.12 Reference time

Temporal parameter used to represent a time axis#m be mapped to some relevant referent time
other than validity time. The semantic meaning difier for different types of data

4.13 Request
Invocation of aroperation by aclient

4.14 Response
Result of aroperation returned from &erverto aclient

4.15 Server
A particular instance of service

4.16 Service
Distinct part of the functionality that is provideg an entity through interfaces [ISO 14252]

4.17 Timestamp

Terminology used to unambiguously indicate a moneembstant in time using ISO 8601 notation,
as distinct from a time interval, duration or perio

4.18 Validity period

Period of time when it is valid to use data, a rogpayer. Often used for warnings or forecasts. In
[ISO 19156], the validity period has the semantitgalidTime

4.19 Validity time

An attribute value specified by an instant in, arration of, universal chronological time that
identifies when information is valid or applicabll [ISO 19156], the validity time has the
semantics of phenomenonTime. Deciding if the dateeta ‘validity time’ is an important step.

133737



5. Conventions

51 Abbreviated terms

CAP
CRS
GIS
GRIB
IEC
ISO
OGC
Met Ocean
URL
WMO
WMS
XML

Common Alerting Protocol
Coordinate Reference System
Geographic Information System
Gridded Binary data format
International Electro-technical Commission
International Standards Organisation
Open Geospatial Consortium
Meteorology and Oceanography
Uniform Resource Locator
World Meteorological Organization
Web Map Service
eXtensible Mark-up Language

5.2 Notational conventions
This sub-clause provides details and examplesrpicanventions used in the document. Examples
of conventions are symbols, abbreviations, use Mt >schema, or special notes regarding how to
read the document.

Any keywords from the WMS Standard are depicteddnrier font

, lower case if the words

‘time’ or ‘elevation’ refer to the dimension, UPPERSse if it refers to the parameter of the GetMap

request.

Any example values for keywords from the WMS Staddar this Best Practice document are
depicted inower case italic.
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6. Requirements

This document defines injunctions for the use ofCO@Web Map Service implementations for the

distribution of map visualizations based on datghwemporal or elevation dependencies. The
injunctions constrain how such data offerings stidag structured into WMS layers, the way such
layers should be described in the WMS Capabiliiesument, the way requests for such layers
should be handled, and the way clients should issgeests for such layers. These injunctions do
not necessitate modifications to the WMS standartd rberely define rules for the use of that

standard.

The injunctions of this document target server ahent implementations. “Conformant WMS
servers” are WMS server implementations that folliw injunctions of this document to offer
time-dependent or elevation-dependent data as WAY&d. This document places restrictions on
how these layers will be structured so that it vad useful to general purpose client software
applications and to advanced client software appbtos specifically built for the needs of the
community. “Conformant WMS clients” are WMS clientisat are expected to provide a user
interface to select dimensional values; this doaunpéaces certain restrictions on these clients to
reduce the chance of confusion or error.

The WMS 1.3.0 standard defines a system for degaand requesting map layers with more
dimensions than the two spatial dimensions reptedem the map visualization. The standard
defines a mechanism to assign dimensions to a mag In the Capabilities document and then
defines two specific dimensionspe andelevation . A WMS Layer is declared to be available at
one or more values in a dimension by declaring &fLX<Dimension> element either in the
<Layer> element itself or in a parent layer, in which c#ise dimension will be inherited. For
example, a Capabilities document might contain:

<Layer>
<Dimension name="time” units="1S08601" default=" 1970-01-01"
nearestValue="0" current="0"
>1900-01-01/2010-12-31/P1D</Dimension >
<Layer>

<Name>Surface_lrradiance</Name>

</Layer>
<Layer>
<Name>Temperature</Name>

”

<Dimension name="elevation” units="computed__ surface” unitSymbol=
default="surface” multipleValues= "0" nearestValue="0"
>surface,tropopause</Dimension>

</Layer>
</Layer>

where the outer layer defines a temporal dimensibich is inherited by both inner layers and the
inner layerTemperature also declares that it is available at two heigfitse time dimension is
declared with aDimension name="time” ...> element and the corresponding GetMap request
may include the conditiomME=t with the parameter name TIME and an appropriateeva The
elevaton  dimension is declared with <imension name="elevation” ...> element and the
corresponding GetMap request may include the cimd#LEVATION=z with the parameter name
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ELEVATION and an appropriate value Further dimensions can be declared witDanension
name="somename” ...>  element and the corresponding GetMap request ntlyde the condition
DIM_SOMENAME=with the parameter name DIM_SOMENAME and an appabg value v.

While the mechanism defined by WMS 1.3.0 is powerfwnfortunately also has limitations. The
mechanism does not provide any way to declaredinansions are exclusive of one another. As a
result, elevation-dependent data accessible usffegaht vertical units, say meters and millibars,
must be split into separate layers (otherwise Gptiiguests with both values would cause
problematic errors). The mechanism does not provaty alternate way to declare what
combinations of values in the different dimensians available, making the discovery of available
combinations a guessing game for the client.

Another limitation is that the WMS 1.3.0 protocaes$ not provide a general mechanism to return

supplemental information for a request. Howevee, tieed for such a mechanism is widespread,
especially for the handling of multi-dimensionaydas. Consider for example a GetMap request

with no value for a dimension of the requestediaybe WMS server shall use the default value in

such a case, but the issuer of the request wilknotv the value that was actually used in preparing

the response. Chapter C.4.2 of the WMS 1.3.0 dpatidn addresses this issue and proposes the
use of the HTTP response header for a transmisdithre default value.

A second scenario is the applicability of dimensiatues in GetMap requests for multiple layers.

Chapter C.3.5 of the WMS 1.3.0 specification coaschis case and requires conformant WMS

servers to apply a dimension value that is givea (BetMap request only to those layers that have
that dimension. The value is ignored for all otlsfers. Here, a map is returned and the issuer of
the request will not know the layers to which theehsion value has been applied. A solution,

similar to the one described in chapter C.4.2,&¢tel the use of the HTTP response header.

The solution with the HTTP response header hasakedmwbacks, however. It is only available to
clients aware of its presence and able to get¢laedr, and the solution only works when the WMS
messaging is directly embedded in the HTTP headrer than, say, embedded in XML (i.e.
SOAP). The solution is also unreliable as a soofcerror prevention because the absence of the
header does not indicate anything since the reqouagthave been satisfactory.

The need for supplemental information for GetMaguests is one of the motivations for the
development of WMS 2.0. This Best Practice docummhttherefore neither make requirements
nor recommendations for how this problem shouldhbadled. It seems better to wait for the
solution developed in WMS 2.0.

This clause specifies requirements and recommendator the use of thene dimension and the
elevation  dimension defined in the WMS standard, and forubke of a new dimension named
reference_time . This specification considers only the OGC staddar

OpenGIS® Web Map Server Implementation Specificatiersion 1.3.0 (OGC 06-042)

which is the only version of the standard that ma@isbeen deprecated at the time of writing of this
Best Practice document.
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6.1 Time Independent Data

Data providers may wish to offer WMS layers thatédhao time dependency that can be mapped to
'validity time'. In this case the following requimgents apply:

Req. 1 Conformant WMS servers SHALL not offer data as a ®/Myer for which a dimension
namedime is declared or inherited in the Capabilities doeutrif these data have no
temporal dependency that can be mapped to ‘valiohtg.’

6.2  Time-Dependent Data

Complex data sets can have temporal dependenciesiy kinds. This Best Practice document
focuses on two in particular.

The most pervasive temporal dependency comes fiatian \chlues having different chronological
times: observations may have been recorded atrelffenoments, models may be predicting
conditions for different days, alerts may referctanditions expected at certain moments in the
future, and warnings may apply to the entire doratf a time interval or part of it. This document
adopts the phrase 'validity time' in reference hs type of temporal dependency despite the
potentially misleading natural language associatibthe root 'validity." This concept is essenyiall
identical to the concept of 'phenomenonTime' frdma standardSO 19156:2011, Geographic
information -- Observations and measuremeitsis document reserves the dimensiar for
this type of temporal dependency, which refershodpplicability of the data to the chronological
Gregorian calendar.

Frequently, data are additionally temporally degagrndrelative to some reference time instant:
observations may have an accession time into ardptasitory, numerical weather forecasts may
have a nominal time where observations have besmégeted to initialize the calculation, and
alerts may have a time when they are issued orighdal. The diversity of such references
precludes defining a dimension type with expli@hgntics though the need for a mechanism to
distinguish data based on some temporal referemidisly shared. This document therefore defines
a generic dimension calleeference_time, which may be used for any of these situations.i$f
used, however, the requirements specify that theasécs must be elucidated in th&bstract>
element of the Layer in which the dimension is wiedi.

The following sub-clauses distinguish all WMS oiifggs based on their temporal dependency. For
data with a temporal dependency that can be majopealidity time, sub-clause 6.2.1 applies. For
data with a temporal dependency that can be mappedhlidity time and another temporal
dependency that can be mapped to a referentialnist time, sub-clause 6.2.2 applies.

6.2.1 TIME axis

Data providers may wish to offer data that haveraporal dependency that can be mapped to
'validity time," in which case the dimension TIMEALL be used in accordance with the following
guidelines:

Reg. 2 Conformant WMS servers SHALL only offer data thavé a temporal dependency that
can be mapped to 'validity time' as a WMS layemibich a dimension namaeithe is
declared or inherited in the Capabilities document.

Req. 3 Conformant WMS clients SHALL use the request patam&ME only to refer to
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Req. 4

Req. 5

Req. 6

Req. 7

'validity time' which refers to the applicability the data to the chronological Gregorian
calendar.

Conformant WMS servers SHALL aggregate multipleadsdts differing only in ‘validity
time' values into a single WMS Layer withirae dimension.

Conformant WMS servers SHALL set thv@e dimensiorunits value to ISO8601 to
indicate time values conformant with the stand&0@8601:2004.

Conformant WMS servers and clients SHALL specityTAME values in UTC in
accordance with the rules of ISO 8601:2004.

Conformant WMS servers SHALL declare in e@sfe dimension of the Capabilities
document the attribuigfault and assign it the time value that will be usediaips
returned in response to requests that do not spa@difME value as specified in Annex
C.2 of the WMS 1.3.0 standard.

The use of a default value for TIME is intendedrfmass-market clients.

Rec. a

Rec. b

Req. 8

Req. 9

Conformant WMS servers SHOULD declare, for any tdiat declares éme
dimension in the Capabilities document, an Abstpacperty for the same layer, as
defined in clause 7.2.4.6 of the WMS 1.3.0 stand&ing Abstract property should
explain the policy used to choose the default véduéhetime dimension.

The defaultime dimension value SHOULD be the value that is clbgethe time at
which the request was received.

Conformant WMS servers SHALL express the valughefime dimension either as
one time interval with non-zero resolution when tdm@poral dependency of the data is
time instants or as a comma separated list of tangss.

The WMS 1.3 specification allows the possibilitydefine multiple times as several
triplets: start/end/interval. The triplets defiretssof time instants that may overlap. It is
difficult for a human reader to determine the akolWimes of theme dimension.
Hence, this Best Practice document does not recowhiine specification of thine
dimension as a list of triplets, except if the timstants are regularly spaced with a
unique interval of time.

Conformant WMS servers SHALL express the valugbefime dimension as one time
interval with zero resolution when the temporal@®gency of the data is related to
validity periods. Each period has to be part of tihe interval.

Example: Consider the warnings shown in Figurd all warnings are represented as a
single layer with aime dimension, then this dimension should be defiretbbows:

<Dimension name="time” units="1SO8601” default="201 2-08-16"
nearestValue="0" current="0"
>2012-08-10/2012-08-16</Dimension>
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Reg. 10 Conformant WMS servers SHALL include, for all <Dinggon ... /> elements declared

in the Capabilities document with the name timegagestvalue  field with the value
set to0 (ASCII zero), indicating false.

Req. 11 Conformant WMS servers SHALL respond withiavalidDimensionValue exception

Rec. c

to a GetMap request that has a TIME request eles@rio a valid value but that value is
not in the domain set of thime dimension for any of the layers specified in thguest.

Example: Consider two layers, one for temperatiiseovations and one for precipitat|
observations. The temperature values are measueeg ® minutes while the
precipitation values are measured every 15 mindtes.measurement times of the
observations are specified inime dimension. Th@me dimension of the temperature
layer may be:

<Dimension hame="time” units="1SO8601”

default="2013-09-24T23:55:00Z" nearestValue="0" cur rent="0"
>2013-09-22T12:00:00Z/2013-09-24T12:00:00Z/PT5M</Di mension>

Thetime dimension of the precipitation layer may be:

<Dimension name="time” units="1SO8601”"
default="2013-09-24" nearestValue="0" current="0"
>2013-09-22T12:00:00Z/2013-09-24T12:00:00Z/PT15M</D imension>

If a user specifies a GetMap request for both kyeth the TIME parameter values
2013-09-23T12:00:00Z and 2013-09-23T12:15:00Z, these timestamps are in the
domain of bothime dimensions. The WMS server shall return a valighnBt if the
user specifies the timestamp 2013-09-23T:12:25894 third TIME parameter value,
then this value is not in the domain of the preaimn layer. The WMS server shall
respond with amvalidDimensionValue exception.

For each invalid dimension value, the exception 84OULD include the list of layers
that do not have this value in their domain setthefime dimension.

Req. 12 Conformant WMS servers SHALL respond withi@atch exception to a GetMap

Rec.d

request that includes a TIME value for which a matould not be found for at least one
layer. This requirement addresses the case whetek value specified in the request
is found in the domain sets of some but not atheflayers in the request.

Example: Consider the warnings shown in Figuré all warnings are represented in a
single layer with aime dimension, then this dimension may be definedksws:

<Dimension name="time” units="ISO8601"

default="2012-08-16" nearestValue="0" current="0"

>2012-08-10/2012-08-16</Dimension>
If a user specifies a GetMap request for that laydr the TIME parameter values 2012-
08-12T00:00:00Z and 2012-08-12T13:00:00Z, thendlmsestamps are in the domain
of thetime dimension. However, the timestamp 2012-08-12TQ0@D will match no
warning. The GetMap request shall respond witloraatch exception.

The exception text SHOULD include the list of timaues that do not match all
requested layers.
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Req. 13 Conformant WMS servers SHALL declare in easte dimension of the Capabilities
document the attributirrent and assign it the appropriate Boolean value, etthe
(ASCII zero) or1 (ASCII one) meaningplseandtrue respectively, as specified in
Annex C.2 of the WMS 1.3.0 standard. Conformant Wdé8&/ers SHALL set the
current  attribute value ta (ASCIl one) meaningrue for any layer produced from data
which are continually updated.

Rec.e Conformant WMS clients SHOULD specify a value foe fTIME parameter in any
GetMap request including a WMS Layer for whictn@& dimension has been defined in
the Capabilities document.

This recommendation to include the TIME parameteniery GetMap request rather
than relying on the default value is intended wease precision and is primarily
intended for specialized WMS client software. The of a default value for TIME is
intended for mass-market WMS client applications.

Conformant WMS servers can handle GetMap Requestsding to the following decision tree.

Return map for Retum exception Retum exception Return exception
default time value InvalidBimensionValue NeMatch

A b [

WMS GellMap No Ne No | Yes
raquest

Lio@ any
requested layer
exist with a time dimension
hal has no match for
a raquested lime

Moy

Yes Yes

TIME
assigned io a valid
vallue

Return map for
requesied time
values

Every value
requesied s n the
domiain sat

aszignid a valua
In request?

-

Figure 4: Decision tree for TIME in a GetMap request

6.2.2 REFERENCE_TIME axis

Data providers may wish to offer data that haveeeosd temporal dependency other than the
'validity time'. Examples are the start times ofmauical weather calculations or the sending times
of warnings. The semantic meaning of a second teshpependency may differ for different types
of data, but the usage pattern has broad applicafiois Best Practice document recommends the
use of a dimension called REFERENCE_TIME if the domvalues of this dimension can be
restricted to timestamps. Hence, in contrast to th& dimension, a value of the
REFERENCE_TIME dimension can not be a time interx&lues for this dimension can be
specified in client requests using the DIM_REFERENTIME element. As a client request sets a
unique value for the DIM_REFERENCE_TIME, a singdguest cannot be used to request multiple
layers that implement different semantics.

The dimension REFERENCE_TIME shall be used in ataace with the following guidelines:
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Reg. 14 Conformant WMSservers SHALL use the dimension REFERENCE_TIMEy doi date
that have a temporal dependency to 'validitye' and also a temporal dependenc
some relevant reference timestamp, such as tharbegiof an analysis, a time of di
collection, or a time of issuanceConformant WMS servers SHALL use
REFERENCE_TIME dimension only if a TIME dimensioashalso been declared in-
same or a parent layer.

Reg. 15 Conformant WMS clients SHALL use the request patemREFERENCE_TIME onl
to refer to a tempal axis other than validity time and in accordamaéh all other
requirements in this sub-clause.

Rec.f  Conformant WMS clients SHOULD specify the valuetleé DIM_REFERENCE_TIME
in the GetMap request if the Capabilities documeetlares a REFERENCE_NME
dimension for the layer in the request.

Reg. 16 Conformant WMS servers SHALL use the dimension REERCE_TIME only with
units declared using the units identifier "ISO86Qa&”indicate time values conforme
with the standard 1ISO8601:2004.

Req. 17 Conformant WMS servers and clients SHALL specifyREFERENCE_TIMEvalues ir
UTC and according to the rules of ISO 8601:2004.

Reg. 18 Conformant WMS servers SHALL declare in each REFERE_TIME dimension o
the Capabilities document the attributgfault ard assign it the value
REFERENCE_TIME that will be used for requests thdd not specify
REFERENCE_TIME value.

The use of a default value for REFERENCE_TIME temded for mass-market clients.

Rec.g Conformant WMS servers SHOULD declare, for any draythat declares
REFERENCE_TIME dimension in the Capabilities docatm@an Abstract property ft
the same Layer, as defined in clause 7.2.4.6 oS 1.3.0 standard. The Abstri
property should explain the semantics of the REAERE TIME dimension a the
policy used to choose the default value for the REENCE_TIME dimension.

Req. 19 Conformant WMS servers SHALL express the valuesthef REFERENCE_TIMI
dimension either as a comma separated list of tamgssor as one time interval wi
non-zero resolution.

Reg. 20 Conformant WMS clients SHALL express the value &#EBFERENCE_TIME paramet
in a GetMap request either as a comma separateaf isnestamp®r as a time interv:
with a resolution value of zero.

Req. 21 Conformant WMS servers SHALL include, for all <Dinsgon ... />elements declare
in the Capabilities document with the name REFERENUME, anearestvalue  field
with the value set t0 (ASCII zero), indicating false.
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Req. 22 Conformant WMS servers SHALL respond with lavalidDimensionValue exceptior
to a GetMap request which has a DIM_REFERENCE_TIMguest element set tc
valid value but that value is not declared in thapé&bilities document as available
any of the layers specified in the request.

Rec.h The exception texBHOULD include the list of layers which do not haWes value
declared in their domain sets of the REFERENCE_ THt&ension.

Req. 23 Conformant WMS servers SHALL respond withNaMatch exception to a GetMe
request that includes a DIM_REFERENCE_TIME afar which a match could not
found for at least one of the layers specifiedh@a tequest. This requirement addre:
the case where the DIM_REFERENCE_TIME value spatifn the request is found
the domain sets of some but not all of the layethié request.

Example: Consider a sequence of one month of ssiveeforecasts, some of which are
shown in Table 1. All the forecasts may be repregskm a single layer with botime
and reference-time dimensions. Theeference-time dimension may be @ieed to
represent the nominal start times of the forecast$ollows:

<Dimension name="reference_time” units="ISO8601"

default="2009-11-30T12:00" nearestValue="0" curren t="0"
>20009-11-01T00:00/2009-11-30T12:00/PT12H</Dimensio n>

If a user specifies &etMap request for that layer with the REFERENCHBMHE
parameter values 2009-11-26T00:00Z, 2009-11-26T12:and 2009-127T00:00Z
then these timestamps are in the domain of the dimension. If howeverthe forecas
for 2009-11-27T00:00Z, with its fowralidity times, is missing because of operatic
production problems, the timestamp 2009-11-27TQ0D:0@ll match no availabl
forecast. The GetMap request shall respond witbMatch exception.

Req. 24 Conformant WMS servers SHALL declare in each REFERE_TIME dimension o
the Capabilities document the attributerent and assign it the appropriate bool
value, either 0 (ASCII zero) or 1 (ASCIl one) meanifalse and true respectively,
specified in Annex C.2 of the WMS 1.3.0 standardnférmant WMS servers SHALL
set thecurrent  attribute value td (ASCII one) meaning true for any layer produ
from data that are continually updated.

Conformant WMS servers can handle GetMap Requestsrding to the decision tree shown in
Figure 5. Note that in Figure 5 the REFERENCE_TIWd#ue is considered set in the request only
if it is assigned a value in the request.

Retum map for default Return exception Return exception Return excaption
reference_time InvalidDimensionValue NaoMatch

& [ 'y [

WIS GaiMap
request Mo Mo Mo Yas

with a time dimension
that has no match for a
requested

ime valua?

Every valug
raquested is in the
domain set

Return map for
3 requested
reference_time values

REFEREMNCE_TIME
assigned a value
In request?

REFERENCE TIME
assigned 1o a
valid value

O

Figure 5: Decision tree for REFERENCE_TIME in a GetMap resjue
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6.3 No vertical dependency

Data providers may wish to offer data that haveentical dependency, in which case the following
requirements apply:

Reg. 25 Conformant WMS servers SHALL not offer data a WMS layer for which a dimensi

namecelevation is declared or inherited in the Capabilities doeamf these data ha
no vertical dependency.

6.4  Elevation-dependent data

Complex data sets can have elevation dependenicieany kinds. Data might be referenced to the
distance above mean sea level, distance belowutifece of the sea, depth below the earth surface,
distance from the calculated center of the earthheaght in the atmosphere; possibly metric,
barometric, or a named surface.

Data sets being offered as elevation dependent Wayt8s must define that dependency according
to the type of elevation values present. Data witlamy elevation dependency must not declare or
inherit anyelevation  dimension. This section applies to all data sath wlevation-dependent
data. Data sets, which are available at one or ral@eations specified by numeric values, must
follow the injunctions of sub-clause 6.4.1. Datésdbat are available at elevations specified for a
named surface must follow the injunctions of suduisk 6.4.2.

In all cases, the dimension ELEVATION must be useaiccordance with the following:

Req. 26 Conformant WMS seers SHALL offer any data that have a vertical aemncy that ca

be referenced to numeric or named surface as a VUE\&r with an elevation
dimension.

Req. 27 Conformant WMS servers and clients SHALL use tmeatision ELEVATION only to
refer to a vertical axis having numeric values @amed surfaces.

Req. 28 Conformant WMS servers SHALL NOT declare in the &@alities document a WM
Layer with arelevation  dimension that includes both numeric and nameidces.

Reg. 29 Conformant WMS servers SHAL aggregate multiple data sets differing only
elevation values into a single WMS layer withedgvation  dimension. This will avoir
multiple independent layers related by a commondioate reference system (CRS).

Req. 30 Conformant WMS servers SHALL declare in eaelevation dimension of th
Capabilities document the attributeiltiplevalues and SHALL assign it th&oolear

value O (ASCII zero) indicatingfalse as specified in Annex C.2 of the WMS 1.
standard.

Req. 31 Conformant WMS servers SHALL declare in eaelevation dimenson of the
Capabilities document the attribubearestvalue  and assign it the boolean valGe
(ASCII zero) indicatingalseas specified in Annex C.2 of the WMS 1.3.0 staddar
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The following sub-clauses distinguish all WMS oiifiggs based on their vertical dependency. For
data with a vertical dependency referenced to niemedues, sub-clause 6.4.1 applies. For data
with a vertical dependency referenced to namedasesi, sub-clause 6.4.2 applies.

6.4.1 ELEVATION axis using numeric values

Data providers may wish to offer data that havesdical dependency that can be referenced to
numeric values, in which case the following reguoneats apply:

Req. 32 Conformant WMS servers SHALL declare in eaelavation dimension of thi
Capabilities document the attribute UNITS and assign @RS identifier specifying tr
vertical CRS. Elevation metric values SHALL be eegsed in units of the CRS.

Req. 33 Conformant WMS servers SHALL declare in eaelavation dimension of thi
Capabilities doument the attribute UNITSYMBOL and SHALL assigntlite string
representation of the symbol for the units.

Req. 34 Conformant WMS servers SHALL declare in eaelavation dimension of thi
Capabilities document the attributefault and SHALL assign it th&ELEVATION
value that will be used for requests that do netHp an elevation value.

Rec.i  Conformant WMS clients SHOULD specify a value fbe tELEVATION parameter i
any GetMap request including a WMS Layer for wharhelevation  dimension ha
been defined in the Capabilities document.

Rec.j Conformant WMS clients SHOULD specify iGetMap requests only metric valt
declared in theelevation dimension. Where the metric value declared in
Capabilities document represents a layer of noo-zertical thickness, the GetM:
requests SHOULD specify ELEVATION using the pairsvafues exactly as stated
the list of available elevations.

Req. 35 Conformant WMS servers SHALL declare in eaelavation dimension of thi
Capabilities document the attributeirrent and assign it the Boolean valGe(ASCII
zero) indicating false as specified in Annex C.2hef WMS 1.3.0 standard. This mei
that the vertical axis SHALL be static, i.e. thengon set values of the axis are
continually updated.

Rec. k Conformant WMS servers offering any data that haversical dependency that can
referenced to metric values SHOULD sort lists @vation metric values in order frc
nearest the surface of the Earth (or ocean) thdattfrom the surface. In other wsr
lower elevations should come before higher elematicand shallower depths sho
come before greater depths.

Req. 36 Conformant WMS servers SHALL express the valugh®élevation  dimension either
as a comma separated list of numeric values onasnterval with non-zero resolution if
the vertical dependency of the data is referengedidzrete values.

Req. 37 Conformant WMS servers SHALL express the valuethetlevaton dimension as a
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interval with zero resolution, if the vertical deygercy contains ranges, i.e. at least
layer element is a range. All ranges have to begfdhis interval.

Example: Consider data set recording wind speed of several atmogpserfaces. Eac
surface or ‘thick slice’ is defined by the spacéamen two isobaric levels (e.g. 10000
hPa). All surfaces are between 1000 hPa and 100Tiieadata set shoulak represente
as a single layer with aslevation  dimension. This dimension maye defined a
follows:

<Dimension name="elevation” units="someCRS:xxxx" un itSymbol="hPa”

current="0">100/1000</Dimension>

Req. 38 Conformant WMS servers SHALL respond with lavalidDimensionValue exceptior
to a GetMap request that has an ELEVATION requkshent set to aalid value bu
that value is not in the domain set of #evation  dimension for any of the laye
specified in the request

Rec.| For each invalid dimension value, the exceptiort 84OULD include the list of laye
that do not have this value in their domain settheélevation  dimension.

Req. 39 Conformant WMS servers SHALL respond withNaMatch exception to a GetMe
request that includes an ELEVATION value for whacimatch could not be found for
least one layer. This requirement addressescase where the elevation value spec
in the request is found in the domain sets of sbutanot all of the layers in the request.

Example: Consider a data set recording wind spésdweral atmospheric surfaces. Each
surface or ‘thick slice’ is defined by the spacéamen two isobaric levels (e.g. 1000-900
hPa). All surfaces are between 1000 hPa and 100THReadata set should be represented
as a single layer with aevation  dimension. This dimension may be defined as
follows:

<Dimension name="elevation” units="someCRS:xxxx" un itSymbol="hPa”

current="0">100/1000</Dimension>

Assume that the surface or ‘thick slice’ definedthg isobaric levels 70600 hPa i
missing. If a user specifies a GetMegmuest for the layer with the elevation pararr
values 550 and 650, then these values are in th®idoof theelevation  dimension
However, the value 650 will match no surfathe GetMap request shall respond wit
NoMatch exception.

6.4.2 ELEVATION axis using named surfaces

Data providers may wish to offer data that havesdical dependency that can be referenced to
named surfaces, in which case the following reaquénets apply:

Req. 40 Conformant WMS servers SHALL declare in thevation  dimension the attribute

UNITS and SHALL assign it the valuemputed_surface
UNITS=" computed_surface "~
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Req. 41 Conformant WMS servers SHALL declare in thevation  dimension the attribute
UNITSYMBOL and SHALL assign it the value of the hsiring, UNITSYMBOL="".

Req. 42 Conformant WMS servers SHALL declare in thevation  dimension the attribute
default and SHALL assign it the named surface that willbed for requests that do
not specify an elevation value.

Req. 43 Conformant WMS serveiSHALL assign to the values of tervation  dimension the
named surface or named surfaces of the verticaraimcy.

Ignare ELEVATION Retum map for Retum exception
eventually requested default elevation level LayerNotDefined

[ Y
WS Gethap No o
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Assigned a valld
value?
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Is ELEVATION
sat in request?

The ion value is The elevation valug is

a computed surface & numenc value g
y Y&

Every value
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Figure 6: Decision tree for ELEVATION in a GetMap request
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Annex A: Dimensions and Coordinates

In physics and mathematics the dimension of a smaicebject is informally defined as the
minimum number of coordinates needed to specify apwpint within it (see
http://en.wikipedia.org/wiki/Dimensign Thus a line has a dimension of one because oné
coordinate is needed to specify the location obiatpon it. A map has two dimensions because two
coordinates are needed to locate a point on its@leeordinates are usually latitude and longitude.

A dimension is described by a domain. The domamn set of values having all the same type, e.g.
number, string or date. A coordinate of the dimendD is a value in D’'s domain. For an example,
consider ame dimension with a domain that contains all dateigslbetween January} 2010 and
June 18 2013. March 19 2012 will be a valid coordinate in this dimensidBometimes, a
dimension is associated with a unit, e.g. meterhectoPascal (hPa). This may allow the
transformation of the domain into another domaithvai different unit if a transformation formula
exists.

A WMS is a standardized interface to visualize tumensional maps. However, the data behind a
map, the so-called layer, may have more than tweedsions.

The WMS specification allows the definition of mtdimensional layers. Then, each layer object is

explicitly assigned a pair of coordinates for evdimnension. This pair defines an interval on the

dimension. The coordinate pairs for latitude anmugitude specify the bounding box of the layer

object. The bounding box is assigned to the lagédrer than to the layer objects because the box
has to be identical for all layer objects.

Let [x,yi] be the coordinate interval of a layer object Ltlve dimension i. A coordinate interval
[a,by] in dimension i matches L if and only ifi[la] overlaps [xVi], i.e. X < b and a< ;. Note that
this statement can be simplified jf=ab l.e. The coordinate interval reduces to a singl@dinate.
A coordinate cin dimension i matches L if and only ifxc <.

So, if arequest is made to a WMS for a map onoadioate cin dimension i, then the WMS server
should produce this map from all layer objects Whace matched by.c

Consider for example a layer with warnings. Eachrmivey is for a geographic area and is
associated with a time, when the warning becomfestefe, and a time when the warning expires.
Thus, this layer hastane dimension. If a user wants to get a map that stalwsarnings that are
effective today at 20:00 UTC, then a GetMap requeitt this time coordinate has to be submitted
to the WMS server. The server selects all warnthgs are matched by the time coordinate and
produces a map that visualizes the geographic afdhese warnings.

Another example is the distribution of ozone comi@ion. Such a layer may be composed of four
coverages. The first coverage contains the total i ozone concentration for the elevation
between Om and 10m. The second coverage contan®tdd sum of ozone concentration for the
elevation between 10m and 100m. The third resph fooverage contains the total sum of ozone
concentration for the elevation between 100m ar@hb@esp. 500m and 2000m. Thus, this layer
has a third dimension, the elevation. The domaithisfdimension consists of numbers. The unit is
meter. If this is a request for the ozone concéptrebetween Om and 50m at a geographic point,
then a corresponding GetFeaturelnfo request isteehe WMS server. The interval [0,50] matches
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the first and the second coverage. Hence, the WlW&sshould return the value at the given point
for both coverages.

The WMS specification provides the optional <Dimens element for a declaration of additional
dimensions. The mandatory fields of a <Dimensiolement are the name, the units and the extent.
The extent should indicate the available valuethefcorresponding dimension. The units element
denotes the domain type of a dimension and thenextescribes the values of the dimension’s
domain. For example, latitude and longitude caddagared as <Dimension> elements.

<Dimension name="latitude” units="degree” unitSymbo [="°"
default="0">-90/90/0</Dimension>

<Dimension nhame="longitude” units="degree” unitSymb ol="°"
default="0">-180/180</Dimension>

The extent of latitude, or longitude, is a rangeduse every value in the range will be a valid
coordinate of this dimension.

Each dimension of a layer, other than latitude landitude, has to be declared in the Capabilities
document.

Thetime dimension of the previous warning layer examplg tmadeclared as follows:

<Dimension name="time" units="IS08601" default="201 3-06-27T712:00:00Z"
>2013-06-26/2013-06-30</Dimension>

The extent is a time interval and every timestamghis interval is considered to be a valid time
coordinate for thisme dimension.

If the upper and the lower bounds are equal foryeeeordinate interval of a dimension, i.e. each
coordinate interval is in fact a single coordindben the extent of this dimension should be eofist
these coordinates and not an interval, becausetbeye coordinates will match with an object of
the layer.
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Annex B: GetFeaturelnfo

GetFeaturelnfo is an optional operation. This op@nas designed to provide clients of a WMS
with more information about features in the pictuoé maps that were returned by previous
GetMap requests. It is only supported for thoserayor which the attribute queryable="1" (true)
has been defined or inherited.

The canonical use case for GetFeaturelnfo is thigeasees the response of a GetMap request and
chooses a point (1,J) on that map for which to iobtaore information. The basic operation

provides the ability for a client to specify whiplxel is being queried, which layer(s) should be
investigated, and in what format the informatioowdd be returned. In the case where the requested
layers have additional dimensions for time or elievethe GetFeaturelnfo operation can be used to
ask for time series or other series at the chosent.p

This chapter defines additional requirements andmenendations for the use of the
GetFeaturelnfo operation. Further, those requiresiieam Section 6, which apply not only to a
GetMap request but also to a GetFeaturelnfo regaestisted.

The WMS 1.3.0 specification defines the followimgptrequirements for GetFeaturelnfo:

WMS 1.3 Conformant WMS clients SHALL not issue a GetFednfcerequest for layers
requirement for which the attribute queryable="1" (true) has been defined or inherited.

WMS 1.3 Conformant WMS servers SHALL answer with@perationNotSupported
requirement exception to a GetFeaturelnfo request if the samilénot support this
operation.

For this Best Practice document we define furtbguirements. These are:

Req. 44 Conformant WMS servers SHALL set the attribgiieryable to “1”, indicating true,
for all layers declared in the Capabilities docutmehich have any dimension
involving time or elevation.

Req. 45 If a time dimension has been set for a layer, conémt queryable WMS servers
SHALL return a feature collection to a GetFeatui@hequest where each feature
includes the element “time” with a timestamp asstad to the feature.

Req. 46 If a reference time dimension has been set foyer Jaonformant WMS servers
SHALL return a feature collection to a GetFeatui@hequest where each feature
includes the elementeference_time " with a timestamp associated to the feature.

Req. 47 If anelevation ~ dimension has been set for a layer, conformant Vgbt8ers SHALL
return a feature collection to a GetFeaturelnfaestjwhere each feature includes the
element &levation " with an according elevation value.
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The following requirements and recommendations whigply to a GetMap request also apply to a
GetFeaturelnfo requedReqs: 11, 1220, 22, 23 38, 39andRecs: e, 1, |, k These are copied below
for convenience.

Req. 11 Conformant WMS servers SHALL respond withiavalidDimensionValue exception

to a GetMap request that has a TIME request eles&trb a valid value but that value is
not in the domain set of thieme dimension for any of the layers specified in thguest.

Example: Consider two layers, one for temperatbseovations and one for precipitat
observations. The temperature values are measueeg ® minutes while the
precipitation values are measured every 15 mindtes.measurement times of the
observations are specified inime dimension. Thé@me dimension of the temperature
layer may be:

<Dimension hame="time” units="1SO8601”

default="2013-09-24T23:55:00Z" nearestValue="0" cur rent="0"
>2013-09-22T12:00:00Z/2013-09-24T12:00:00Z/PT5M</Di mension>

Thetime dimension of the precipitation layer may be:

<Dimension name="time" units="ISO8601"
default="2013-09-24" nearestValue="0" current="0"
>2013-09-22T12:00:00Z/2013-09-24T12:00:00Z/PT15M</D imension>

If a user specifies a GetMap request for both kyeth the TIME parameter values
2013-09-23T12:00:00Z and 2013-09-23T12:15:00Z, these timestamps are in the
domain of bothime dimensions. The WMS server shall return a valighniBaut if the
user specifies the timestamp 2013-09-23T:12:25894 third TIME parameter value,
then this value is not in the domain of the preaipon layer. The WMS server shall
respond with amvalidDimensionValue exception.

Req. 12 Conformant WMS servers SHALL respond witRi@éMatch exception to a GetMap

Rec. e

request that includes a TIME value for which a ratould not be found for at least one
layer. This requirement addresses the case whetabk value specified in the request
is found in the domain sets of some but not atheflayers in the request.

Example: Consider the warnings shown in Figurd all warnings are represented in a
single layer with a time dimension, then this disien may be defined as follows:
<Dimension nhame="time” units="1SO8601”

default="2012-08-16" nearestValue="0" current="0"
>2012-08-10/2012-08-16</Dimension>

If a user specifies a GetMap request for that |laydr the TIME parameter values 2012-
08-12T00:00:00Z and 2012-08-12T13:00:00Z, thendhiwsestamps are in the domain
of the time dimension. However, the timestamp 20&82:2T00:00:00Z will match no
warning. The GetMap request shall respond witloratch exception.

Conformant WMS clients SHOULD specify a value foe fTIME parameter in any
GetMap request including a WMS Layer for whichradidimension has been defined in
the Capabilities document.

This recommendation to include the TIME parametaniery GetMap request rather
than relying on the default value is intended wéase precision and is primarily
intended for specialized WMclient software. The use oldefaultvalue for TIME is
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Rec. f

intended for mass-market WMS client applications.

Conformant WMS clients SHOULD specify the valuegleg DIM_REFERENCE_TIME
in the GetMap request if the Capabilities docuntmdiares a REFERENCE_TIME
dimension for the layer in the request.

Reg. 20 Conformant WMS clients SHALL express the value ®&EFERENCE_TIME paramet

in a GetMap request either as a comma separateaf tismestamps or as a time interval
with a resolution value of zero.

Req. 22 Conformant WMS servers SHALL respond with an IndgBimensionValue exception to

a GetMap request which has a DIM_REFERENCE_TIMRiest element set to a valid
value but that value is not declared in the Capasildocument as available for any of
the layers specified in the request.

Req. 23 Conformant WMS servers SHALL respond withNaMatch exception to a GetMe

Rec. |

Rec. k

request that includes a DIM_REFERENCE_TIME valuevibich a match could not |
found for at least one of the layers specifiedha tequest. This requirement addre:
the case where the DIM_REFERENCE_TIME value spatifn the request is found
the domain sets of some but not all of the layertheé request.

Example: Consider a sequence of one month of ssiveefrecasts, soma which are
shown in Table 1. All the forecasts may be repregskim a single layer with botime
and reference-time dimensions. Theeference-time dimension may be defined
represent the nominal start times of the forecast$ollows:

<Dimension name="reference_time” units="1S08601"

default="2009-11-30T12:00" nearestValue="0" curren t="0"
>20009-11-01T00:00/2009-11-30T12:00/PT12H</Dimensio n>

If a user specifies a GetMap request for that laygh the REFERENCE_TIMI
parameter values 2009-11-26T00:00Z, 2009-11-26T2:@nd 2009-127T00:00Z
then these timestamps are in the domain of the dimension. If however, the foreci
for 2009-1127T00:00Z, with its four validity times, is missirmgecause of operatior
production problems, the timestamp 2009-11-27T0D:@@ not match anyavailable
forecast. The GetMap request shall respond witbMatch exception.

Conformant WMS clients SHOULD specify in GetMapuegts only metric values
declared in the elevation dimension. Where theimealue declared in the Capabilities
document represents a layer of non-zero verticekiiess, the GetMap requests
SHOULD specify ELEVATION using the pairs of valuesactly as stated in the list of
available elevations.

Conformant WMS servers offering any data that hevertical dependency that can be
referenced to metric values SHOULD sort lists efvation metric values in order from
nearest the surface of the Earth (or ocean) thdattfrom the surface. In other words,
lower elevations should come before higher elenatiand shallower depths should
come before greater depths.

Reg. 38 Conformant WMS servers SHALL respond with an IndBimensionValue exception to

a GetMap request that has an ELEVATION request ehtrset to a valid value but that
value is not in the domain set of televatior dimension for anv of the lavers specifiec
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the request

Req. 39 Conformant WMS servers SHALL respond witRi@éMatch exception to a GetMap
request that includes an ELEVATION value for whachmatch could not be found for at
least one layer. This requirement addresses tleevdasre the elevation value specified
in the request is found in the domain sets of sbutaot all of the layers in the request.

Example: Consider a data set recording wind spésdweral atmospheric surfaces. Each
surface or ‘thick slice’ is defined by the spacéamen two isobaric levels (e.g. 1000-900
hPa). All surfaces are between 1000 hPa and 100THeadata set should be represented
as a single layer with an elevation dimension. Hmsension may be defined as follows:

<Dimension nhame="elevation” units="someCRS:xxxx" un itSymbol="hPa”
default="1000" multipleValues="0" nearestValue="0"
current="0">100/1000</Dimension>

Assume that the surface or ‘thick slice’ definedtty isobaric levels 700-600 hPa is
missing. If a user specifies a GetMap requestiferayer with the elevation parameter
values 550 and 650, then these values are in timaidoof the elevation dimension.
However, the value 650 will match no surface. TleeM&p request shall respond with a
NoMatch exception.
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Annex C: Summary of Best Practice Impacts on WMS1.8nplementations

Requirements fall into four categories:

C.1 How data must be mapped into WMS layers

Temporal Elevation

Atemporal Having a 'validity | Having other time concep | Not vertical | numeric named surface
time' concept than ‘validity_time’ dependency

Must usetime *

Mustuse Reference_time

Must use ‘elevation’

Must use ‘elevation’
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C.2 How domain clients must issue GetMap RequestsléT@drom WMS1.3 specificatiorghanges
indicated in Bold)

Table 8 — The Parameters of a GetMap request dfheification is changed subsequently

Request parameter Mandatory | Description
/optional

VERSION=1.3.0 M Request version.

REQUEST=GetMap M Request name.

LAYERS=layer_list M Comma-separated list of one or more map layers.

STYLES=style_list M Comma-separated list of one rendering style per requested layer.

CRS=namespace:identifier M Coordinate reference system.

BBOX=minx,miny,maxx,maxy M Bounding box corners (lower left, upper right) in CRS units.

WIDTH=output_width M Width in pixels of map picture.

HEIGHT=output_height M Height in pixels of map picture.

FORMAT=output_format M Output format of map.

TRANSPARENT=TRUE|FALSE @) Background transparency of map (default=FALSE).

BGCOLOR=color_value O Hexadecimal red-green-blue colour value for the background colour
(default=0xFFFFFF).

EXCEPTIONS=exception_format @) The format in which exceptions are to be reported by the WMS
(default=XML).

TIME=time M Validity Time value of layer desired.

REFERENCE_TIME @) Second temporal dimension. Semantics can vary

ELEVATION=elevation O Elevation of layer desired.

Other sample dimension(s) @) Value of other dimensions as appropriate.
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C3

How the WMS layers must be declared in the cajbisil

Contents of the dimension elements of this Best Practice document

TIME REFERENCE_TIME ELEVATION
Field Mandatory | Meaning Mandatory/optional Meaning Mandatory/ | Meaning
/optional optional
name TIME Name of dimensional axis. REFERENCE_TIME Name of dimensional axis. ELEVATION | Name of dimensional axis.
units ISO8601 | Attribute indicating  units  of | ISO8601 Attribute  indicating  units  of | M Attribute indicating units of dimensional
dimensional axis. dimensional axis. axis.
unitSymbol “ Attribute specifying symbol. “ Attribute specifying symbol. M Attribute specifying symbol.
default M Attribute indicating default value | M Attribute indicating default value that | M Attribute indicating default value that will be
that will be used if GetMap will be used if GetMap request does used if GetMap request does not specify a
request does not specify a value. not specify a value. The default value.
The default value should be the value should be the value that is
value that is closest to now and in closest to now and in any case
any case documented into the documented into the Abstract
Abstract property property
multipleValue | O Boolean attribute indicating | O Boolean attribute indicating whether | O Boolean attribute indicating whether

S

whether multiple values of the
dimension may be requested. 0
(or “false”) = single values only; 1
(or “true”) = multiple values
permitted.

Default = 0.

multiple values of the dimension
may be requested. 0 (or “false”) =
single values only; 1 (or “true”) =
multiple values permitted.

Default = 0.

multiple values of the dimension may be
requested.

If a value is assigned to this attribute , it
has to be set tto 0 (or “false”) = single
values only;

Default = 0.
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nearestValue

Boolean  attribute indicating
whether nearest value of the
dimension will be returned in
response to a request for a
nearby value.

Has to be set to 0 (or “false”) =
request value(s) must correspond
exactly to declared extent
value(s);

Boolean attribute indicating whether
nearest value of the dimension will
be returned in response to a request
for a nearby value.

Has to be set to 0 (or “false”) =
request value(s) must correspond
exactly to declared extent value(s);

Boolean attribute indicating whether
nearest value of the dimension will be
returned in response to a request for a
nearby value.

Has to be set to 0 (or “false”) = request
value(s) must correspond exactly to
declared extent value(s);

current

Boolean attribute valid only for
temporal extents (i.e. if attribute
name="time"). This attribute, if it
either 1 or “true”, indicates (a) that
temporal data are normally kept
current and (b) that the request
parameter TIME may include the
keyword “currenf instead of an
ending value (see C.4.1).

Current =1 if data are continually
updated

Default= 0

Boolean attribute valid only for
temporal extents (i.e. if attribute
name="time"). This attribute, if it
either 1 or “true”, indicates (a) that
temporal data are normally kept
current and (b) that the request
parameter TIME may include the
keyword “currenfinstead of an
ending value (see C.4.1).

Current =1 if data are continually
updated

Default= 0

Boolean attribute valid only for temporal
extents (i.e. if attribute name="time"). If it is
assigned, this attribute, has to be set to 0
or “false”, meaning that the vertical axis
SHALL be static, i.e. the domain set values
of the axis are not continually updated.
Default = 0.

extent

Text content indicating available

value(s) for dimension.

Text content indicating available

value(s) for dimension.

Text content indicating available value(s)

for dimension.
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C4

Requirements that target WMS Layer declaratida €Dimension> or <Abstract> properties) and Getiviagquests content

time reference_time elevation
Dimension Numeric \ Named surface
name= time reference_time elevation
Semantics = ‘validity_time’ Semantics can vary e Servers: Req 25
e Servers: Req 2 e Servers: Req 14 e Servers: Req 26
e Clients: Req 3 e Clients: Req 15
units= ISO8601 ISO8601 Requested Requested
e Servers: Req5 e Servers: Req 16 e Servers: Req 31 e Servers: Req 39
unitSymbol= 1ISO8601 1ISO8601 Requested Requested
e Servers: Req 6 e Servers: Req 17 e Servers: Req 32 e Servers: Req 40
default= Required Required Required Required
e Servers: Req 7 e Servers: Req 18 e Servers: Req 34 e Servers: Req 42
Documented Documented

« Servers: Rec a
Closest to now
e Servers: Recb

e Servers: Recg

multipleValues=

Required and set to false

e Servers: Req 30

nearestValue=

Required and set to false
e Servers: Req 10

Required and set to false
e Servers: Req 21

Required and set to false

e Servers: Req 31

current= Required and set to 1 ( true) Required and set to 1 ( true) Required and set to O (false)
e Servers: Req 13 e Servers: Req 24 e Servers: Req 35

Values interval with non zero resolution or list | interval with non zero resolution or list  «  Servers: Rec | * Servers: Req 43
e Servers: Req 8 e Servers: Req 19 * Servers: Req 36
e Servers: Req 9 ¢ Clients: Req 20 e Servers: Req 37

Abstract Explain default Explain semantics and default

« Servers: Rec a

e Servers: Recg
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