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Open Geospatial Consortium, Inc. OpenGIS ® Web Map Service

1 Status of this Memo
This is a description of an ESDS Community Standard.

Distribution of this memo and the referenced standard is unlimited.

2 Change Explanation

Version 1 - First approved version.

3  Copyright Notice
Copyright © NASA (2007). All Rights Reserved.

4 Abstract

The purpose of this memo is to nominate the OpenGIS® Web Map Service Implementation
Specification (WMS) for adoption as a NASA ESDS community standard for disseminating
views of raster and vector data (“maps”) via the World Wide Web. WMS uses HTTP and
defines several operations that allow a client to discover the functions a server is capable of
providing, request a specific "map”, and, optionally, request information about individual features
shown on a map.

This nomination is for version 1.1.1 of the WMS specification. Future installations of WMS
should consider use of the most recent version. WMS 1.3 is identical to ISO 19128, which the
International Organization for Standardization (ISO) released as an International Standard during
calendar year 2005.
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6 Introduction

The Open Geospatial Consortium, Inc. (OGC) WMS specification is nominated to provide an
industry-standard, non-proprietary method of disseminating geospatial information that is
supported by many commercial and open source applications. Because of its broad acceptance in
the market place, legacy systems can be easily adapted to comply quickly and cheaply. More than
80 companies and organizations, including several that provide open source software, offer
solutions for NASA use. The value of WMS is in its simplicity: a single interface is used to issue
requests to multiple servers from multiple vendors and open source and then overlay all of the
responses for the user to view — ‘layers’ are returned with transparent backgrounds then simply
displayed on top of one another by the client.

The WMS specification consists of two mandatory operations and one optional operation. The
(mandatory) GetCapabilities operation lets a client query and learn the capabilities of the service
provided by a compliant server. The client parses the returned document and creates a user interface
display that lists the available data layers, projections, image file format, and symbolization options.
To be compliant a server must return at least one of several formats, including .gif, .png, .jpg, and
.svg. It may return other formats too. The (mandatory) GetMap interface lets the client request a
georegistered picture (a “map”) in one of the image file formats listed in the GetCapabilities reply.
Finally, the (optional) GetFeatureInfo operation lets a client request any available information about
a pixel location on the map. Users can use the GetFeaturelnfo to identify or query the selected
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objects from map layers.

Though this nomination is for version 1.1.1 of the WMS specification existing implementations of
earlier WMS versions are not made obsolete and it does not require replacing existing 1.0 and 1.1
implementations. Version 1.1.1 is in widespread use within NASA as well as elsewhere. The more
recent version, WMS 1.3 is the topic of RFC-005 and its use is encouraged in order to expand the
operational experience of that version. All of the versions of the specification provide the same
functionality using the same interfaces. The only impact of having a NASA system that has WMS
1.0, WMS 1.1, WMS 1.1.1 and even WMS 1.3, services in it, is on those clients that need to work
with all of them. Commercial and open source practice for WMS clients includes the ability to
negotiate versioning of the server and send the proper query to each one, which means version
specificity is not a factor.

7 Motivation to Adopt the OGC WMS

Why adopt a standard that has been approved by both International Organization for
Standardization (ISO) (the premier legally empowered standards body in the world) and the OGC
(the leading provider of geospatial implementation specifications)? Two opportunities: reduced
costs for NASA and the user, and broader use of NASA data. NASA is under continual pressure
to operate more efficiently and at the same time engender greater use of its products and services. A
recently published Return on Investment study funded by NASA demonstrates the cost
effectiveness of not only using standards, but the WMS Specification itself. That study is found at
Appendix C. The service orientation that WMS and the overall OGC Service Oriented Architecture
(SOA) bring will, over time, relieve NASA of the need to have a custom viewer for each of its data
sources. It will simplify the process of adapting legacy systems to an interoperable architecture and
also relieve NASA of the high integration costs of having custom interfaces on each of its new
systems. One viewer or a set of viewers for communities of practice will be able to display and fuse
data from services that did not even exist when they were provided. Integration via shared, industry-
standard interfaces, will be easier and often done automatically by software after a new service is
simply registered. The use of WMS will also enable citizens to access and exploit the NASA data
from their existing desktop and browser software, driving costs down, and use and benefits up.

WMS is an important step into the world of SOA as defined in the Federal Enterprise Architecture.
It provides an inexpensive, straight forward way for NASA to evaluate the applicability of a SOA.
WMS and other OGC specifications (listed in Appendix B) will extend the reach and use of NASA
data to other government departments and the general citizenship, and will lower barriers between
internal scientific uses and external applications.

8 OpenGIS ® Web Map Service Implementation Specification 1.1.1

The specification is included as Attachment A. It can also be found at
http://portal .opengeospatial .org/files/?artifact id=1081&version=1&format=pdf

9 References
Normative References:

Attachment A - OpenGIS ® Web Map Service Implementation Specification 1.1.1
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11 Appendix A - Glossary of Acronyms

2D Two Dimensional

AOS Application Objects Specification

API Application Programming Interface

AVIRIS Airborne Visible/Infrared Imaging Spectrometer

BNF Backus-Naur Form

DAAC Digital Active Archive Center

ESDS Earth Science Data Systems

ESE Earth Science Enterprise

ESIP Earth Science Information Partner

GC Grid Coverage

GIS Geographic Information System

GLOBE Global Learning and Observations to Benefit the Environment
GML Geography Markup Language

GO-1 Geographic Objects - Version 1

GSFC Goddard Space Flight Center

HTTP Hyper Text Transfer Protocol

JPL Jet Propulsion Laboratory

oGC™ Open Geospatial Consortium, Inc.

OGCRM OGC Reference Model

ORM OGC Reference Model

OpenGIS ® Registered Trademark of the OGC.

OWS OpenGIS Web Services

PO Physical Oceanography

ROI Return On Investment

SFS OpenGIS ® Simple Feature Implementation Specification
SLD OpenGIS ® Styled Layer Descriptor Implementation Specification
SOA Service Oriented Architecture

SQL Structured Query Language

SVS Scientific Visualization System

TDB Technical Document Baseline

URL Uniform Resource Locator

WCS OpenGIS ® Web Coverage Service Implementation Specification
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WES OpenGIS ® Web Feature Service Implementation Specification

WMC OpenGIS ® Web Map Context Documents Implementation Specification
WMS OpenGIS ® Web Map Service Implementation Specification See
Attachment A

XML eXtensible Markup Language
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12 Appendix B. OGC’s Work

The full collection of OGC specifications is included to illustrate the depth of the work performed
by the consortium and to enable an understanding of the ‘architecture’ of which WMS is a part.
As an international consortium OGC has produced a number of specifications that are related which
allows a user to assemble them in new and innovative ways. The architecture itself and the overall
scope of OGC are described in the OGC Reference Model. The OGCRM is available at the URL
listed in Section 9 References . The existence of this architecture and multiple products that
support it insures that NASA will enjoy a wide selection of products and options to implement and
expand an SOA.

Title Versio | Date Description

n
OpenGIS ® Catalog 2.0 2004-08-02 | Defines a common interface that enables diverse but
Services Implementation conformant applications to perform discovery, browse and
Specification query operations against distributed and potentially

heterogeneous catalog servers.

OpenGIS ® Coordinate 1.0 2001-01- 12 Provides interfaces for general positioning, coordinate
Transformation Services systems, and coordinate transformations.
Implementation
Specification
OpenGIS ® Filter 1.1 2005-05-03 | This document defines an XML encoding for filter
Encoding Implementation expressions based on the BNF definition of the OpenGIS
Specification Common Catalog Query Language as described in the

OpenGIS Catalog Interface Implementation Specification,
Version 1.0 [2].

OpenGIS ® Geography 3.1.1 2005-05-03 | The Geography Markup Language (GML) is an XML
Markup Language encoding for the transport and storage of geographic
Encoding Specification information, including both the geometry and properties
of geographic features.
OpenGIS ® GO-1 1.0.0 2005-05-04 | The GO-1 Application Objects specification defines a set
Application Objects (AOS) of core packages that support a small set of Geometries, a
Implementation basic set of renderable Graphics that correspond to those
Specification Geometries, 2D device abstractions (displays, mouse,

keyboard, etc.), and supporting classes. Implementation
of these APIs will support the needs of many users of
geospatial and graphic information. These APIs support
the rendering of geospatial datasets, provide fine-grained
symbolization of geometries, and support dynamic, event
and user driven animation of geo-registered graphics.

OpenGIS ® Grid 1.0 2001-01-12 | This  specification = was  designed to  promote
Coverages (GC) interoperability between software implementations by
Implementation data vendors and software vendors providing grid analysis
Specification and processing capabilities.

OpenGIS ® OGC Web 1.0 2005-05-03 | This document specifies many of the aspects that are, or
Services Common should be, common to all or multiple OWS interface
Implementation Implementation  Specifications. Those specifications
Specification (Common) currently include the Web Map Service (WMS), Web

Feature Service (WFS), and Web Coverage Service
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Title Versio | Date Description
n

(WCS). These common aspects include: operation request
and response contents; parameters included in operation
requests and responses; and encoding of operation requests
and responses.

OpenGIS ® Simple 1.1 1999-05-05 | The  Simple  Feature  Specification application

Features - SQL (SFS) programming interfaces (APIs) provide for publishing,
storage, access, and simple operations on Simple Features
(point, line, polygon, multi-point, etc).

OpenGIS ® Styled Layer 1.0 2002-08-19 | The SLD is an encoding for how the Web Map Server

Descriptor (SLD) (WMS 1.0 & 1.1) specification can be extended to allow

Implementation user-defined symbolization of feature data.

Specification

OpenGIS ® Web Coverage | 1.0 2003-10-16 | Extends the Web Map Server (WMS) interface to allow

Service (WCS) access to geospatial "coverages" that represent values or

Implementation properties of geographic locations, rather than WMS

Specification generated maps (pictures).

OpenGIS ® Web Feature 1.1 2005-05-03 | The OGC Web Feature Service (WFS) interface is a

Service (WES) collection of operations (implemented as messages carried

Implementation over HTTP) for retrieving and manipulating geographic

Specification features. An implementation of the OGC WFS IS allows
a client to retrieve and update geospatial data encoded in
Geography Markup Language (GML) from one or more
Web Feature Services.

OpenGIS ® Web Map 1.1 2005-05-03 | This document is a companion specification to the OGC

Context Web Map Service Interface Implementation Specification

Documents (WMC) The present Context specification states how a specific

Implementation grouping of one or more maps from one or more map

Specification servers can be described in a portable, platform-
independent format for storage in a repository or for
transmission between clients. This description is known
as a "Web Map Context Document," or simply a
"Context." Presently, context documents are primarily
designed for WMS bindings.

OpenGIS ® Web Map 13 2004-08-02 | Provides three operations protocols (GetCapabilities,

Service (WMS) GetMap, and GetFeaturelnfo) in support of the creation

Implementation and display of registered and superimposed map-like views

Specification of information that come simultaneously from multiple
sources that are both remote and heterogeneous.

OpenGIS ® Reference 0.1.2 2003-03-04 | The ORM describes a framework for the ongoing work of

Model (ORM) the OpenGIS Consortium and our specifications and
implementing interoperable solutions and applications for
geospatial services, data, and applications.

OpenGIS ® Technical 13 2004-04-22 | Spreadsheet of OGC Technical Document Baseline (in

Document Baseline (TDB)

update to reflect 05 changes)

Your attention is called to the Styled Layer Descriptor specification which offers a standard way to
vary the symbology of a WMS ‘map’ and the WMS Context Document which provides a method
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to not only ‘save a session’, but pass that session to another user who can then recreate it on their
client. Links to both documents are provided in Appendix D, Related OGC Specifications.
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13 Appendix C: NASA ROI study
Dated April 2005 by Booz Allen Hamilton

http://gio.gsfc.nasa.gov/docs/RO1%20Study.pdf

This study examines the use of the WMS specification in NASA and concludes that initial costs are
higher than using proprietary interfaces, but that life cycle costs are dramatically reduced and
flexibility and extensibility are dramatically increased. There is a reasonable expectation that the
implementation premium will disappear as more experience is gained with using the specification.

14 Appendix D: Related Open GIS specifications
OGC Reference Model
http://portal.opengeospatial.org/files/?artifact id=3836

OpenGIS ® Styled Layer Descriptor Implementation Specification
https://portal .opengeospatial.org/files/?artifact id=1188

OpenGIS ® Web Map Context Implementation Specification
https://portal .opengeospatial.org/files/?artifact id=8618
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Attachment A. OpenGIS ® Web Map Service Implementation
Specification 1.1.1
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items. A format element indicates the MIME type of the logo image located at
LogoURL. The logo image's width and height assist client applications in
laying out space to display the logo. -->
<!ELEMENT Attribution ( Title?, OnlineResource?, LogoURL? ) >
<!ELEMENT LogoURL (Format, OnlineResource) >
<!ATTLIST LogoURL

width NMTOKEN #REQUIRED

height NMTOKEN #REQUIRED>

<!-- A Map Server may use zero or more MetadataURL elements to offer detailed,
standardized metadata about the data underneath a particular layer. The type
attribute indicates the standard to which the metadata complies. Two types
are defined at present: 'TC211' = ISO TC211 19115; 'FGDC' = FGDC CSDGM. The
format element indicates how the metadata is structured. -->
<!ELEMENT MetadataURL (Format, OnlineResource) >
<!ATTLIST MetadataURL

type ( TC211 | FGDC ) #REQUIRED>

<!-- A Map Server may use zero or more Identifier elements to list ID numbers
or labels defined by a particular Authority. For example, the Global Change
Master Directory (gcmd.gsfc.nasa.gov) defines a DIF_ID label for every
dataset. The authority name and explanatory URL are defined in a separate
AuthorityURL element, which may be defined once and inherited by subsidiary
layers. Identifiers themselves are not inherited. -->

<!ELEMENT AuthorityURL (OnlineResource) >
<!ATTLIST AuthorityURL

name NMTOKEN #REQUIRED >
<!ELEMENT Identifier (#PCDATA) >
<!ATTLIST Identifier

authority CDATA #REQUIRED >

<!-- A Map Server may use DataURL to offer more information about the data
underneath a particular layer. While the semantics are not well-defined, as
long as the results of an HTTP GET request against the DataURL are properly
MIME-typed, Viewer Clients and Cascading Map Servers can make use of this. -->
<!ELEMENT DataURL (Format, OnlineResource) >

<!-- A Map Server may use FeatureListURL to point to a list of the features
represented in a Layer. -->
<!ELEMENT FeatureListURL (Format, OnlineResource) >

<!-- A Style element lists the name by which a style is requested and a
human-readable title for pick lists, optionally (and ideally) provides a
human-readable description, and optionally gives a style URL. -->

<!ELEMENT Style ( Name, Title, Abstract?,
LegendURL*, StyleSheetURL?, StyleURL? ) >

<!-- A Map Server may use zero or more LegendURL elements to provide an
image(s) of a legend relevant to each Style of a Layer. The Format element
indicates the MIME type of the legend. Width and height attributes are
provided to assist client applications in laying out space to display the
legend. -->
<!ELEMENT LegendURL (Format, OnlineResource) >
<!ATTLIST LegendURL

width NMTOKEN #REQUIRED

height NMTOKEN #REQUIRED>

<!-- StyleSheeetURL provides symbology information foreach Style of a Layer. -->
<!ELEMENT StyleSheetURL (Format, OnlineResource) >

<!-- A Map Server may use StyleURL to offer more information about the data or
symbology underlying a particular Style. While the semantics are not
well-defined, as long as the results of an HTTP GET request against the
StyleURL are properly MIME-typed, Viewer Clients and Cascading Map Servers can
make use of this. A possible use could be to allow a Map Server to provide
legend information. -->

<!ELEMENT StyleURL (Format, OnlineResource) >

<!-- Minimum and maximum scale hints for which it is appropriate to
display this layer. -->
<!ELEMENT ScaleHint EMPTY>
<!ATTLIST ScaleHint
min CDATA #REQUIRED

46 © OGC 2001 — All rights reserved
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max CDATA #REQUIRED>

A.2 Sample WMS Capabilities XML (Informative)

As an aid to understanding and a guide for implementation, this Annex contains example
XML which is valid according to the DTD in Annex A.1. Implementers should consult
the main body of the specification document and the DTD to ensure compliance rather
than editing this XML without full understanding, as the examples herein apply only to a
limited range of cases. This is a copy of
<http://www.digitalearth.gov/wmt/xml/capabilities 1 1 1.xml>.

<?xml version='1.0' encoding="UTF-8" standalone="no" ?>
<!-- The DTD (Document Type Definition) given here must correspond to the version number
declared in the WMT MS Capabilities element below. -->
<!DOCTYPE WMT MS Capabilities SYSTEM
"http://www.digitalearth.gov/wmt/xml/capabilities 1 1 1.dtd"
[

<!-- Vendor-specific elements are defined here if needed. -->
<!-- If not needed, you can omit these [] and everything inside. -->
<!ELEMENT VendorSpecificCapabilities EMPTY>
]> <!-- end of DOCTYPE declaration -->
<!-- Note: this XML is just an EXAMPLE that attempts to show all

required and optional elements for illustration. Consult the Web Map
Service 1.1.0 specification and the DTD for guidance on what to actually
include and what to leave out. -->

<!-- The version number listed in the WMT MS_ Capabilities element here must
correspond to the DTD declared above. See the WMT specification document for
how to respond when a client requests a version number not implemented by the
server. -->

<WMT_MS Capabilities version="1.1.1" updateSequence="0">

<!-- Service Metadata -->
<Service>
<!-- The WMT-defined name for this type of service -->
<Name >0GC : WMS< /Name >
<!-- Human-readable title for pick lists -->
<Title>Acme Corp. Map Server</Title>
<!-- Narrative description providing additional information -->

<Abstract>WMT Map Server maintained by Acme Corporation. Contact:
webmaster@wmt .acme.com. High-quality maps showing roadrunner nests and possible ambush
locations.</Abstracts>
<KeywordList>
<Keyword>bird</Keywords>
<Keyword>roadrunner</Keyword>
<Keywords>ambush</Keyword>

</KeywordList>
<!-- Top-level web address of service or service provider. See also OnlineResource
elements under <DCPType>. -->

<OnlineResource xmlns:xlink="http://www.w3.0rg/1999/x1link" xlink:type="simple"
xlink:href="http://hostname/" />
<!-- Contact information -->
<ContactInformations>
<ContactPersonPrimarys>
<ContactPerson>Jeff deLaBeaujardiere</ContactPerson>
<ContactOrganization>NASA</ContactOrganizations>
</ContactPersonPrimary>
<ContactPosition>Computer Scientist</ContactPositions>
<ContactAddress>
<AddressTypes>postal</AddressType>
<Address>NASA Goddard Space Flight Center, Code 933</Address>
<City>Greenbelt</City>
<StateOrProvinces>MD</StateOrProvinces
<PostCode>20771</PostCode>
<Country>USA</Country>
</ContactAddress>
<ContactVoiceTelephone>+1 301 286-1569</ContactVoiceTelephonex>
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<ContactFacsimileTelephone>+1 301 286-1777</ContactFacsimileTelephone>

<ContactElectronicMailAddress>delabeau@iniki.gsfc.nasa.gov</ContactElectronicMailAddresss>
</ContactInformation>

<!-- Fees or access constraints imposed. -->
<Fees>none</Fees>
<AccessConstraints>none</AccessConstraints>
</Service>
<Capability>
<Request>
<GetCapabilities>
<Format>application/vnd.ogc.wms_xml</Formats>
<DCPType>
<HTTP>
<Get>
<!-- The URL here for invoking GetCapabilities using HTTP GET
is only a prefix to which a query string is appended. -->

<OnlineResource xmlns:xlink="http://www.w3.0rg/1999/x1link"
xlink:type="simple"
xlink:href="http://hostname:port/path" />
</Get>
<Post>
<!-- The URL here for invoking GetCapabilities using HTTP POST
includes the complete address to which a query would be sent in
XML format. This is here for future expansion; no POST encoding
has yet been defined. -->
<OnlineResource xmlns:xlink="http://www.w3.0rg/1999/x1link"
xlink:type="simple"
xlink:href="http://hostname:port/path" />
</Post>
</HTTP>
</DCPType>
</GetCapabilities>
<GetMap>
<Format>image/gif</Formats>
<Format>image/png</Format>
<Format>image/jpeg</Format>

<DCPType>
<HTTP>
<Get>
<!-- The URL here for invoking GetCapabilities using HTTP GET
is only a prefix to which a query string is appended. -->

<OnlineResource xmlns:xlink="http://www.w3.0rg/1999/x1link"
xlink:type="simple"
xlink:href="http://hostname:port/path" />
</Get>
</HTTP>
</DCPType>
</GetMap>
<GetFeatureInfo>
<Format>application/vnd.ogc.gml</Format>
<Format>text/plain</Format>
<Format>text/html</Format>
<DCPType>
<HTTP>
<Get>
<OnlineResource xmlns:xlink="http://www.w3.0rg/1999/x1link"
xlink:type="simple"
xlink:href="http://hostname:port/path" />
</Get>
</HTTP>
</DCPType>
</GetFeatureInfo>
<Describelayer><!--optional; used only by SLD-enabled WMS-->
<Format>application/vnd.ogc.gml</Format>
<DCPType>
<HTTP>
<Get>
<OnlineResource xmlns:xlink="http://www.w3.0rg/1999/x1link"
xlink:type="simple"
xlink:href="http://hostname:port/path" />
</Get>
</HTTP>
</DCPType>
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</DescribelLayers>

</Request>

<Exception>
<Format>application/vnd.ogc.se xml</Formats>
<Format>application/vnd.ogc.se inimage</Format>
<Format>application/vnd.ogc.se blank</Formats>

</Exceptions>

<!-- Any text or markup is allowed here, as required to describe
vendor-specific capabilities. Please define elements and attributes
in the DOCTYPE declaration at the start of the document. -->

<!-- This example is empty because no VSPs were defined in preamble -->

<VendorSpecificCapabilities />

<!-- Place-holder for Styled Layer Descriptor (SLD)-enabled WMSes.
This element is absent for a basic WMS. -->

<UserDefinedSymbolization SupportSLD="1" UserLayer="1" UserStyle="1"
RemoteWFS="1" />

<Layer>
<Title>Acme Corp. Map Server</Title>
<SRS>EPSG:4326</SRS> <!-- all layers are available in at least this SRS -->

<AuthorityURL name="DIF ID">
<OnlineResource xmlns:xlink="http://www.w3.0rg/1999/x1link" xlink:type="simple"
xlink:href="http://gcmd.gsfc.nasa.gov/difguide/whatisadif.html" />

</AuthorityURL>
<Layer>
<!-- This parent layer has a Name and can therefore be requested from a Map Server,
yielding a map of all subsidiary layers. -->

<Name>ROADS_RIVERS</Name>
<Title>Roads and Rivers</Title>

<!-- See the spec to learn how some characteristics are inherited by
subsidiary layers. -->

<SRS>EPSG:26986</SRS> <!-- An additional SRS for this layer -->

<LatLonBoundingBox minx="-71.63" miny="41.75" maxx="-70.78" maxy="42.90"/>

<!-- The optional resx and resy attributes below indicate the X and Y spatial
resolution in the units of that SRS. -->

<!-- The EPSG:4326 BoundingBox duplicates some of the info in LatLonBoundingBox
and is therefore optional, but using it here allows the additional
resolution attributes. -->

<BoundingBox SRS="EPSG:4326"
minx="-71.63" miny="41.75" maxx="-70.78" maxy="42.90" resx="0.01" resy="0.01"/>
<BoundingBox SRS="EPSG:26986"
minx="189000" miny="834000" maxx="285000" maxy="962000" resx="1" resy="1" />
<!-- Optional Title, URL and logo image of data provider. -->
<Attribution>
<Title>State College University</Title>
<OnlineResource xmlns:xlink="http://www.w3.0rg/1999/x1link" xlink:type="simple"
xlink:href="http://www.university.edu/" />
<LogoURL width="100" height="100">
<Format>image/gif</Format>
<OnlineResource xmlns:xlink="http://www.w3.0rg/1999/x1link"
xlink:type="simple"
xlink:href="http://www.university.edu/icons/logo.gif" />

</LogoURL>
</Attribution>
<!-- Identifier whose meaning is defined in an AuthorityURL element -->
<Identifier authority="DIF ID">123456</Identifier>
<FeatureListURL>

<Format>application/vnd.ogc.se xml"</Formats>
<OnlineResource xmlns:xlink="http://www.w3.0rg/1999/x1link" xlink:type="simple"
xlink:href="http://www.university.edu/data/roads_rivers.gml" />
</FeatureListURL>
<Style>
<Name>USGS</Name>
<Title>USGS Topo Map Style</Titles
<Abstract>Features are shown in a style like that used in USGS topographic
maps.</Abstract>
<!-- A picture of a legend for a Layer in this Style -->
<LegendURL width="72" height="72">
<Format>image/gif</Format>
<OnlineResource xmlns:xlink="http://www.w3.0rg/1999/x1link"
xlink:type="simple"
xlink:href="http://www.university.edu/legends/usgs.gif" />

</LegendURL>
<!-- An XSL stylesheet describing how GML feature data will rendered to create
a map of this layer. -->
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<StyleSheetURL>
<Format>text/xsl</Formats>
<OnlineResource xmlns:xlink="http://www.w3.0rg/1999/x1link"
xlink:type="simple"
xlink:href="http://www.university.edu/stylesheets/usgs.xsl" />
</StyleSheetURL>
</Style>
<ScaleHint min="4000" max="35000"></ScaleHint>
<Layer queryable="1">
<Name>ROADS 1M</Name>
<Title>Roads at 1:1M scale</Title>
<Abstract>Roads at a scale of 1 to 1 million.</Abstract>
<KeywordList >
<Keywords>road</Keyword>
<Keywords>transportation</Keywords>
<Keywords>atlas</Keywords>

</KeywordList >
<Identifier authority="DIF ID">123456</Identifier>
<!-- Metadata specific to this particular layer. The same FGDC metadata is
offered in two formats. -->

<MetadataURL type="FGDC">
<Format>text/plain</Formats>
<OnlineResource xmlns:xlink="http://www.w3.0rg/1999/x1link"
xlink:type="simple"
xlink:href="http://www.university.edu/metadata/roads.txt" />
</MetadataURL>
<MetadataURL type="FGDC">
<Format>text/xml</Format>
<OnlineResource xmlns:xlink="http://www.w3.0rg/1999/x1link"
xlink:type="simple"
xlink:href="http://www.university.edu/metadata/roads.xml" />
</MetadataURL>
<!-- In addition to the Style specified in the parent Layer, this Layer is
available in this style. -->
<Style>
<Name>ATLAS</Name>
<Title>Road atlas style</Title>
<Abstract>Roads are shown in a style like that used in a commercial road
atlas.</Abstracts>
<LegendURL width="72" height="72">
<Format>image/gif</Formats>
<OnlineResource xmlns:xlink="http://www.w3.0rg/1999/x1link"
xlink:type="simple"
xlink:href="http://www.university.edu/legends/atlas.gif" />
</LegendURL>
</Style>
</Layer>
<Layer queryable="1">
<Name>RIVERS_1M</Name>
<Title>Rivers at 1:1M scale</Title>
<Abstract>Rivers at a scale of 1 to 1 million.</Abstracts>
<KeywordList>
<Keywordsriver</Keywords>
<Keyword>canal</Keywords>
<Keyword>waterway</Keywords>
</KeywordList>
</Layer>
</Layer>
<Layer queryable="1">
<Title>Weather Forecast Data</Title>

<SRS>EPSG:4326</SRS> <!-- harmless repetition of common SRS -->

<LatLonBoundingBox minx="-180" miny="-90" maxx="180" maxy="90" />

<!-- These weather data are available daily from 1999-01-01 through
2000-08-22. -->

<Dimension name="time" units="IS08601" />
<Extent name="time" default="2000-08-22">1999-01-01/2000-08-22/P1D</Extent>
<Layer>
<Name>Clouds</Name>
<TitlesForecast cloud cover</Titles>
</Layers>
<Layer>
<Name>Temperature</Name>
<Title>Forecast temperature</Title>
</Layer>
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<Layer>
<Name>Pressure</Name>
<Title>Forecast barometric pressure</Titlex>
<!-- Pressure is available at several elevations.
EPSG:5030 is WGS 84 ellipsoid, units in metres.
Pressure is also available at several times.
NOTE: first list all Dimension elements, then all Extent elements. -->
<Dimension name="time" units="IS08601" />
<Dimension name="elevation" units="EPSG:5030" />
<Extent name="time" default="2000-08-22">1999-01-01/2000-08-22/P1D</Extent>
<Extent name="elevation" default="0"
nearestValue="1">0,1000,3000,5000,10000</Extent>

</Layer>
</Layer>
<!-- Example of a layer which is a static map of fixed
size which the server cannot subset or make transparent -->

<Layer opaque="1" noSubsets="1" fixedWidth="512" fixedHeight="256">
<Name>ozone_image</Name>
<Title>Global ozone distribution (1992)</Title>
<LatLonBoundingBox minx="-180" miny="-90" maxx="180" maxy="90" />
<Extent name="time" default="1992">1992</Extent>

</Layer>
<!-- Example of a layer which originated from another WMS and has been
"cascaded" by this WMS. -->

<Layer cascaded="1">
<Name>population</Name>
<Title>World population, annual</Title>
<LatLonBoundingBox minx="-180" miny="-90" maxx="180" maxy="90" />
<Extent name="time" default="2000">1990/2000/P1lY</Extent>
</Layer>
</Layer>
</Capability>
</WMT_MS_Capabilities>

A.3 Service Exception DTD (Normative)

This annex contains the Service Exception Document Type Definition corresponding to
this version of the specification. The DTD may also be found on-line at
<http://www.digitalearth.gov/wmt/xml/exception_1 1 1.dtd>. This section also

summarizes the defined exception codes and their meanings.

<!ELEMENT ServiceExceptionReport (ServiceExceptiont*) >
<!ATTLIST ServiceExceptionReport version CDATA #FIXED "1.1.1">

<!ELEMENT ServiceException (#PCDATA) >
<!ATTLIST ServiceException code CDATA #IMPLIED>

Table A.1 — Exception codes defined by this specification

Exception Code Meaning

InvalidFormat Request contains a Format not offered by the service instance.

InvalidSRS Request contains an SRS not offered by the service instance for one or more of
the Layers in the request.

LayerNotDefined Request is for a Layer not offered by the service instance.

StyleNotDefined Request is for a Layer in a Style not offered by the service instance.

LayerNotQueryable GetFeaturelnfo request is applied to a Layer which is not declared queryable.

CurrentUpdateSequence | Value of (optional) UpdateSequence parameter in GetCapabilities request is
equal to current value of Capabilities XML update sequence number.

InvalidUpdateSequence Value of (optional) UpdateSequence parameter in GetCapabilities request is
greater than current value of Capabilities XML update sequence number.
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MissingDimensionValue | Request does not include a sample dimension value, and the service instance
did not declare a default value for that dimension.

InvalidDimensionValue Request contains an invalid sample dimension value.

A.4 Sample Service Exception XML (Informative)

As an aid to understanding and a guide for implementation, this Annex contains example
XML which is valid according to the DTD in Annex A.3. Implementers should consult
the main body of the specification document and the DTD to ensure compliance rather
than editing this XML without full understanding. This is a copy of
<http://www.digitalearth.gov/wmt/xml/exception 1 1 0.xml>.

<?xml version='1.0' encoding="UTF-8" standalone="no" ?>
<!DOCTYPE ServiceExceptionReport SYSTEM
"http://www.digitalearth.gov/wmt/xml/exception 1 1 0.dtd">
<ServiceExceptionReport version="1.1.0">
<ServiceException>

Plain text message about an error.

</ServiceException>

<ServiceException code="InvalidUpdateSequence">

Another error message, this one with an exception code supplied.
</ServiceException>

<ServiceException>

<! [CDATA[

Error in module <foo.c>, line 42

A message that includes angle brackets in text
must be enclosed in a Character Data Section
as in this example. All XML-like markup is
ignored except for this sequence of three
closing characters:

11>

</ServiceException>

<ServiceException>

<! [CDATA[

<Module>foo.c</Module>

<Error>An error occurred</Errors>
<Explanation>Similarly, actual XML

can be enclosed in a CDATA section.

A generic parser will ignore that XML,

but application-specific software may choose
to process it.</Explanations>

11>

</ServiceException>
</ServiceExceptionReport>
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Annex B
(normative)

Formatting Dates and Times

B.1 Overview

This annex specifies the encoding of moments and periods in time. These allow OGC
Web Services to support temporal data descriptions and requests. This specification is
based on [ISO 8601:1988(E)]; it extends ISO 8601 in the following ways:

- It defines a syntax for expressing the start, end and periodicity of a data collection.
- It defines terms to represent the 7 days of the week.
- It allows years before 0001 AD.

- It allows times in the distant geologic past (thousands, millions or billions of years
before present).

This Annex specifies the formats for a moment in time, including years in the current era
("AD") and years before the current era or on geologic timescales, the format for a period
of time, and the format for incomplete data fragments.

NOTE: A revision of the ISO date standard, ISO 8601:2000, allows years more than 4 digits long and a leading
minus sign to denote negative years, and allows recurring intervals. The next revision of the WMS specification will
adopt ISO 8601:2000 and thereby allow some of the extensions defined in this Annex to be removed.

B.2 Time Format Details

B.2.1 Basic Syntax

The basic time format uses ISO 8601:1988(E) "extended" format: up to 14 digits
specifying century, year, month, day, hour, minute, seconds, and seconds, and optionally
a decimal point followed by zero or more digits for fractional seconds, with non-numeric
characters to separate each piece:

ccyy-mm-ddThh:mm:ss.sssZ

The precision may be reduced by omitting least-significant digits, as in the examples
below. ISO 8601:1988(E) prefers a decimal comma before fractional seconds but allows
a decimal period as in this document.
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All times should be expressed in Coordinated Universal Time (UTC) as indicated by the
suffix Z (for "zulu"); this suffix is required when UTC applies if the hours field appears
in the time string. When a local time applies, a numeric time zone suffix as defined by
clause 5.3.3.1 of [ISO 8601:1988(E)] may be used. The absence of any suffix at all
means local time in an undefined zone, which must not be used in the global network of
map servers enabled by the WMS specification.

NOTE: Change from version 1.1.0: the use of the suffix Z was previously incorrectly stated to be optional for
UTC.

EXAMPLE 1:  ccyy Year only

EXAMPLE 2:  ccyy-mm Year and month

EXAMPLE 3:  ccyy-mm-dd Year, month and day

EXAMPLE 4:  ccyy-mm-ddThhZ Year, month, day and hour in UTC

B.2.2 Extension for years B.C.E.

An extension to [ISO 8601:1988(E)] is used to handle years B.C.E. (before year 0001
AD). Because a leading hyphen has meaning in ISO 8601:1988(E) (it can indicate
missing parts of the time), preceding times with a minus sign is not advisable. Instead, the
prefix 'B' is used to indicate B.C.E. years.

EXAMPLE: B1350 (1350 "BC", approximate time of Tutankhamen).

B.2.3 Extension for geologic datasets

An extension to [ISO 8601:1988(E)] is used to handle geologic datasets referring to the
distant past. Geologists refer to years some number of thousand, million or billion (10"9)
years ago as ka, Ma or Ga. Therefore, the prefixes K, M and G, followed by an integer or
floating-point number of years, are used.

EXAMPLE 1: M150 (Jurassic period, 150 Ma)
EXAMPLE 2: K150000 (Jurassic period, 150 Ma)
EXAMPLE 3: K18 (last Ice Age, 18 ka)
EXAMPLE 4: MO0.018 (last Ice Age, 18 ka)

EXAMPLE 5: G5  (Earth's crust solidifies, 5 Ga)

B.3 Period Format

An extension to [ISO 8601:1988(E)] is used to indicate the time resolution of the
available data. The [ISO 8601:1988(E)] format for representing a period of time is used
to represent the resolution: Designator P (for Period), number of years Y, months M, days
D, time designator T, number of hours H, minutes M, seconds S. Unneeded elements may
be omitted.

54 © OGC 2001 — All rights reserved



OGC 01-068r3

EXAMPLE 1: P1Y -- 1 year
EXAMPLE 2: PIMI10D -- 1 month plus 10 days
EXAMPLE 3:  PT2H -- 2 hours

EXAMPLE 4: PT1.5S -- 1.5 seconds

B.4 Time Lists and Ranges

As shown in Table C.1, a list of several times is expressed by separating valid time values
with a comma (","). A temporal range, on the other hand, is expressed using an
extension to [ISO 8601:1988(E)]. The syntax start/end/period indicates the start time of
the data, the ending time, and the time resolution or refresh rate. Data which are
refreshed at regular intervals but not archived are represented using time/time/period,
where both time values are the same (that of the latest data) and the period indicates the
refresh rate.

B.5 Date Fragments

In some contexts, date information may be incomplete. For example, a GeoParser service
that scans text documents for references to locations or times may encounter partial
references such as "Tuesday" or "August 30." To allow this time specification to handle
such fragments, we include the "truncated representation" allowed by ISO 8601:1988(E),
and we add 7 terms to represent days of the week.

B.5.1 Truncated representation

The "truncated representation" allowed by ISO 8601:1988(E) uses hyphens to denote
pieces missing from the most significant end of the time string. Add one hyphen for each
missing two-digit century, year, month, day, hour or minute. If the time zone is unknown,
then the time zone suffix may be omitted from the date fragment. See examples in B.6.2,
below.

B.5.2 Days of the week

We add 7 terms to represent days of the week: 'MON', 'TUE', 'WED', 'THU', 'FRI', 'SAT',
'SUN'. These optional terms appear at the start of the date/time string, and a comma
separates the weekday (without whitespace) from the ISO 8601:1988(E) string. If the
date fragment contains only a day of week, then the comma is not necessary. See
examples in B.6.2, below.
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B.6 Examples

B.6.1 Complete dates and times

A single moment (scalar value):

2000-06-23T20:07:48.11Z

Quarterly data (comma-separated list):
1999-01-01,1999-04-01,1999-07-01,1999-10-01

Daily data taken at noon since April 15 1995 (periodic interval):
1995-04-22T12:00Z/2000-06-21T12:00Z/P1D

Current data refreshed every 30 min (periodic interval):

2000-06-18T14:30Z/2000-06-18T14:30Z/PT30M

B.6.2 Date and time fragments

--11-21 (Nov. 21, truncated century and year, omitted hh:mm:ss)
TUE,--11-21 (Tuesday, Nov. 21)

TUE (Tuesday)

2000 (year 2000)

-99 (year 99, century not given)

T14 (2pm local time)

MON,---21T14 (Monday the 21st at 2pm local time)

T14Z (2pm UTC)

T14-04:00 (2pm EDT, 4hrs earlier than UTC)

T-10 (ten minutes past an unspecified hour)
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Annex C
(normative)

Handling Multi-Dimensional Data

C.1 Overview

This annex describes support for multi-dimensional data in the service metadata and
operation request parameters of OGC Web Services. "Dimensions" in this Annex refers
to Time, Elevation, and sample dimensions.

EXAMPLE: Satellite imagery may be available at several different times and several different wavelength bands.
The valid times and band numbers can each be separately specified.

C.2 Declaring Dimensions

The optional element <Dimension> is used in Capabilities XML to declare that one or
more dimensional parameters are relevant to the information holdings of that server. The
Dimension element does not provide valid values for a Dimension; that is the role of the
Extent element described below. A Dimension element includes a required name, a
required measurement units specifier, and an optional unitSymbol.

The following is a DTD fragment expression for the Dimension element (from the full
DTD in Annex A.1):

<!Element Dimension EMPTY>
<!ATTLIST Dimension

name ID #REQUIRED
units CDATA #REQUIRED
unitSymbol CDATA #IMPLIED>

EXAMPLES: The following are some examples of server-defined dimensions:

<Dimension name="wavelength" units="Angstrom" unitSymbol="Ao" />

<Dimension name="temperature" units="Kelvin" unitSymbol="K" />

<Dimension name="pressure_scale height" units="millibar" unitSymbol="mbar" />
<Dimension name="altitude" units="kilometer" unitSymbol="km" />

Dimension elements shall comply with the following rules:

— Dimension name values shall be case-insensitively unique within a service instance
and should contain no whitespace.

— Unit names and abbreviations are from the Unified Code for Units of Measure
[UCUM]. The required units attribute is from the UCUM "name" column. The
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optional (but recommended) unitSymbol is from the UCUM "c/s" column (case-
sensitive abbreviation). Prefix names and symbols may be present as well.

— If the dimensional quantity has no units (e.g., band number in a multi-wavelength
sensor), use the null string: units="".

All Dimensions in a Capabilities XML response are server-defined, with two exceptions.
The dimensions named time and elevation are privileged special cases, predefined as
follows:

<Dimension name="time" units="IS08601" />
<Dimension name="elevation" units="EPSG:vertical datum" />

The units "ISO8601" refers to the Time representation specified in Annex B. The units
"EPSG:vertical datum" refers to elevation units and a reference used by one of the
European Petroleum Survey Group [ref. 13] vertical datums (use the actual datum
number in place of the string "vertical datum").

EXAMPLE: Elevation units given as "EPSG:5030" means "meters above the WGS84 ellipsoid."

Although predefined, a server shall include Time and/or Elevation declarations if it
provides extents for those dimensions.

If a server opts to specify elevation or time values in reference systems other than those
listed above, it shall use other dimension names instead of "elevation" and "time" (e.g.,
"altitude" and "date" ).

Dimension declarations are inherited by enclosed Layers, as specified in Section 7.1.4.6.
A dimension shall not be re-declared using the same name (case-insensitively) with
conflicting information.

C.3 Specifying Dimensional Extents

Having declared the existence of a Dimension, the Capabilities XML response uses
corresponding Extent elements to specify the bounds of a geodata object along zero or
more independent single dimensions.

Format of Extent element:
<Extent name="dimension name" default="default value"

multipleValues="0|1" nearestValue="0|1">
extent value</Extent>
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Extent values:
The extent value string declares what value(s) along the Dimension axis are appropriate

for this specific geospatial data object. The extent value has the syntax shown in Table
C.1.

Table C.1 — Syntax for Listing One or More Dimensional Values

Syntax Meaning

value A single value

valuel,value2,value3,...* A list of multiple values

min/max/resolution An interval defined by its lower and
upper bounds and its resolution.

minl/max1/res],min2/max2/res2,...* | A list of multiple intervals

* Whitespace is allowed following commas in a list in an <Extent> element.

Extent attributes:
Several attributes are defined for the Extent element. Only name is required.

— name (required): The value dimension_name is the same as the value of a name
attribute of a <Dimension> element previously defined as described in Section C.2.
The Dimension name and Extent name shall match (case-insensitively).

— default (optional): The default value declares what value would be used along that
Dimension if a Web request omits a value for that Dimension. See Section C.5

— multipleValues (optional): This attribute, if absent or zero, indicates that requests
shall include only a single value for this dimension. If present and nonzero, then
requests may include multiple values. See Section C.4.3.

— nearestValues (optional): This attribute, if absent or zero, indicates that the server will
not round off inexact dimension values to the nearest valid value. If present and
nonzero, then the server will perform rounding. See Section C.5.

— current (optional; only valid for Time extents): This attribute, if present and nonzero,
indicates (1) that temporal data are normally kept current and (2) that the request
parameter TIME may include the keyword 'current' instead of an ending value (see
Section C.4.1).

Extent declarations are inherited by enclosed Layers, as specified in Section 7.1.4.6. A

extent that is re-specified in an enclosed layer using the same name (case-insensitively)
replaces the extent that had been inherited.
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A resolution value of zero (as in min/max/0) means that the data are effectively at
infinitely-fine resolution for the purposes of making requests on the service instance. For
instance, an instrument which continuously monitors randomly-occurring data may have
no explicitly defined temporal resolution.

EXAMPLE:

Here is a <Layer> element with Extents specified in WMS Capabilities XML ('..."
indicates XML omitted for clarity):

<Layer>
<!-- Declare dimensions in use. Declarations are inherited by enclosed Layers. -->
<Dimension name="time" units="IS08601" />
<Dimension name="temperature" units="Kelvin" unitSymbol="K" />
<Dimension name="elevation" units="EPSG:5030" />

<Layer>
<!-- Specify extent of Layer. Extents are inherited by enclosed Layers. -->
<Extent name="time" default="2000-10-17">1996-01-01/2000-10-17/P1D</Extent>
<Extent name="elevation" default="0">0/10000/100</Extent>
<Extent name="temperature" default="300">230,300,400</Extent>

</Layer>

</Layer>

C.4 Including Dimensional Values in a Request

Requests against multi-dimensional data objects described with <Dimension> and
<Extent> require additional parameters to formulate a complete query. This following
section specifies how Clients should include dimensional parameters in those operations
which support such parameters.

C.4.1 Elevation and Time Values in Requests

If a data object has an Elevation extent defined, then operation requests to retrieve that
object may include

ELEVATION=value

If a Layer has a Time extent defined, then requests may include

TIME=value

In either case, value uses the format described in Table C.1 to provide a single value, a
comma-separated list, or an interval of the form start/end without a resolution. value
shall not contain whitespace. An interval in a request value is a request for all the data
from the start value up to and including the end value.

The absence of Time or Elevation parameters is equivalent to a request for the Layer’s
default value (if defined) along that dimension; see Section C.5. All parameter names are
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case-insensitive as stated in Section 6.4.1, so, for example, 'TIME', 'Time' and 'time' are
all acceptable.

For the TIME parameter, the special keyword 'current' may be used if advertised by the
server as in Section C.3. The expression "TIME=current" means "send the most current
data available." The expression "TIME=start time/current" means "send data from
start time up to the most current data available."

C.4.2 Sample Dimension Values in Requests

Sample dimension parameters allow the Client to request a particular data object along
one or more additional dimensional axes.

A request parameter name is constructed by concatenating the prefix 'dim_' with the
sample dimension Name (the value of the name attribute of the corresponding
<Dimension> and <Extent> elements in the Capabilities XML). The resulting
"dim_name" is case-insensitive. The use of the 'dim_' prefix is to avoid clashes between
server-defined dimension names and current or future OGC Web Service specifications.
(Time and Elevation, being predefined, do not use the prefix.)

To include a sample dimension value in a request URL, the dim_name parameter is
followed an equals sign '=" and a valid value, a comma-separated list, or an interval, as
described in Table C.1.

Requests may omit a dimension parameter, or use null values, to request the default value
(if supplied) along that dimension; see Section C.5.

EXAMPLE: A WMS Layer is described as having an Extent along a Dimension named "wavelength" with values
3000,4000,5000,6000 (Angstroms). WMS GetMap requests for that Layer may include the parameter
"DIM_WAVELENGTH=4000".

C.4.3 Single- and Multiple-Valued Requests

Whether a request for a georeferenced object may include only a single value for each
dimension or multiple values depends on the context. Multiple values are only
acceptable when both the output format and the nature of the geospatial information
permits it. An server may include a nonzero multipleValue attribute (Section C.2) in an
Extent element to indicate that multi-valued requests are supported. A server shall issue
a Service Exception if it cannot comply with the dimensional parameters as specified.

EXAMPLE 1: A Web Map Service offers maps in PNG image format of vehicle traffic density updated hourly. A
valid GetMap request would include only a single TIME to select the desired map.

EXAMPLE 2: A WMS offers daily ozone maps in QuickTime movie format. The movie can contain multiple
frames, so a valid GetMap request could include multiple times.

EXAMPLE 3: A WMS offers maps showing crime locations. Each crime has an associated date. A GetMap image
request for all crimes occurring within a defined period would include a TIME range.

EXAMPLE 4: A Web Coverage Service offers atmospheric pollutant data at multiple elevations. A GetCoverage
request could include a single elevation to obtain only a slice through the data, or multiple elevations to obtain a three-
dimensional slab of data.
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C.4.4 Applicability to Multiple Data Objects

Some OGC Web Service requests allow multiple georeferenced objects to be requested at
once. For example, the WMS GetMap request includes a comma-separated list of one or
more Layers. In such a request, the TIME, ELEVATION and DIM__ parameters apply to
all of objects individually as follows:

— If the georeferenced object has the corresponding dimension as a property, then the
dimension value applies as if that object had been requested alone.

— If the georeferenced object does not have that dimension, then the dimension value is
ignored for the purposes of responding to the request for that object.

EXAMPLE: A Client's WMS GetMap request includes "LAYERS=temperature,coastlines& TIME=20010509"
where 'temperature' is a daily temperature map (for which time is relevant) and 'coastlines' is a coastline map (which is
static). The WMS responds with the static coastlines drawn atop the temperature for the specified date, without
complaining that TIME does not apply to coastlines. If the date is invalid for the temperature layer, then the server
may issue a Service Exception to that effect.

C.4.5 Example requests

The following are examples of multi-dimensional GetMap and GetCoverage requests.
EXAMPLE 1:  WMS GetMap (single ozone Map at specified time and height):

VERSION=x.y.z WIDTH=600

REQUEST=map HEIGHT=300

LAYERS=0zone TIME=2000-08-03
SRS=EPSG:4326 ELEVATION=1000
BBOX=-180,-90,180,90 FORMAT=image/gif

EXAMPLE 2: WMS GetMap (movie loop at specified frame times):

VERSION=x.y.z WIDTH=600

REQUEST=map HEIGHT=300

LAYERS=ozone TIME=2000-07-01/2000-07-31/P1D
SRS=EPSG:4326 ELEVATION=1000
BBOX=-180,-90,180,90 FORMAT=video/mpeg

EXAMPLE 3:  WCS GetCoverage (4D block of data with dimension x,y,z,t):

VERSION=x.y.z SKIPX=10

REQUEST=coverage SKIPY=10

LAYERS=layer TIME=2000-07-01/2000-07-31/P1D
SRS=srs_identifier ELEVATION=0/10000/1000
BBOX=minx, miny, maxx,maxy FORMAT=application/x-hdf
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C.5 Server Responses

C.5.1 Incorrect Values

If the dimension value is invalid or missing from the client request, and no default or
nearest-value behavior was enabled as discussed in the following subsections, then the
server shall respond with a Service Exception.

C.5.1 Default Values

An OGC Web Service may declare a default for any dimension. A 'default' is optional
but recommended. If a request does not include a value along this dimension, and a
default has been declared, then the server shall send the default value. If there is no
declared default, then the server shall throw an Exception
(code="MissingDimensionValue") to indicate that a value was required.

In order that the Client may determine what value was actually sent, the server shall label
the response object with the actual value used by default. In the HTTP environment, the
labeling is performed using an HTTP response header. For each dimension to which a
default value was applied, a header line of the following form shall be sent:

Warning: 99 Default value used: DIM NAME=value units

where "99" is a defined by HTTP [IETF RFC 2616] for use by miscellaneous warnings,
DIM_NAME is the corresponding request parameter name, value is the value actually
used, and units is the units attribute (see C.2) for that dimension.

C.5.2 Nearest Values

An OGC Web Service may declare that it will choose the closest available value for a
dimension if an exact value is not specified. This allows, for example, hourly data whose
actual recording time is precise to the millisecond to be requested simply by stating the
desired date and hour. The nearestValue attribute of the <Extent> element, if present and
nonzero, indicates that this behavior is enabled.

If a request does includes an imprecise dimensional value, and nearest value behavior has
been declared, then the server shall compute and send the nearest available value. The
value shall be rounded, not merely truncated. If rounding is not supported, then the
server shall throw an Exception (code="InvalidDimensionValue") to indicate that a value
was required.

In order that the Client may determine what value was actually sent, the server shall label
the response object with the actual value found by rounding. In the HTTP environment,
the labeling is performed using an HTTP response header. For each dimension to which
a rounded-off value was applied, a header line of the following form shall be sent:

Warning: 99 Nearest value used: DIM NAME=value units
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where "99" is a defined by HTTP [IETF RFC 2616] for use by miscellaneous warnings,
DIM_NAME is the corresponding request parameter name, value is the value actually
used, and units is the units attribute (see C.2) for that dimension.
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Annex D
(normative)

Conformance Tests

NOTE: A complete Conformance Testing Guideline document for WMS is presently under development as part
of the OGC Conformance Testing Program. When complete, the Guideline will include a description and scope of
each test suite, test data used in the tests, and documentation of the conformance items that consitute requirements for
conformance. When a complete conformance test is available, its description will be added to this specification.

Minimal conformance with this specification requires the following:
1. The GetCapabilities and GetMap operations shall be supported.

2. The Extensible Markup Language (XML) document returned in response to a
GetCapabilities request shall be valid against the Document Type Definition in
Annex A.1. Such validation may be performed using commonly available XML
validating tools.

3. The maps returned in response to a valid GetMap request shall be accurately
registered according to the requested projection and bounding box.

4. All clauses in the normative sections of this specification that use the keywords
"required", "shall", and "shall not" have been satisfied.
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Annex E
(normative)

Automatic Projections

This Annex lists the identification codes defined thus far for automatic projections (see
Section 6.5.5.2). In additional to the official codes defined below, for experimental
purposes an informal list of additional values is maintained on-line in reference [12].
Experimental values may be rendered official in future versions of this specification. In
all cases the AUTO projection codes are in the range 42000-42499, which is beyond the
range reserved by EPSG (Section 6.5.5.1) for static projections.

The definitions use OGC Well-Known Text (WKT) format. In the notation below,
"${var}" is a reference to the value of variable "var". The variables "lon0" and "lat0"

are the central point of the projection appearing in the SRS parameter of the map request
(see Section 6.5.5.2).

E.1 Auto Universal Transverse Mercator (AUT0:42001)

PROJCS["WGS 84 / Auto UTM",
GEOGCS ["WGS 84",
DATUM["WGS_1984",
SPHEROID["WGS_1984", 6378137, 298.257223563]11],
PRIMEM ["Greenwich", 0],
UNIT["Decimal_Degree", 0.0174532925199433]117,
PROJECTION ["Transverse Mercator"],
PARAMETER ["Central Meridian", ${central meridian}],
PARAMETER["Latitude_of_Origin", 0],
PARAMETER["False_Easting", 5000001,
PARAMETER ["False Northing", ${false northing}],
PARAMETER ["Scale Factor", 0.9996],
UNIT["Meter", 1]]

where
central meridian = -183.0 + ${zone} * 6.0

zone = min( floor( (${lon0} + 180.0) / 6.0 ) + 1, 60 )
false northing = (${lat0} >= 0.0) ? 0.0 : 10000000.0
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E.2 Auto Transverse Mercator (AUT0:42002)

PROJCS["WGS 84 / Auto Tr. Mercator",
GEOGCS ["WGS 84",
DATUM ["WGS_1984",
SPHEROID["WGS_1984", 6378137, 298.257223563]11],
PRIMEM ["Greenwich", 0],
UNIT["Decimal Degree", 0.0174532925199433]],
PROJECTION ["Transverse Mercator"],
PARAMETER ["Central Meridian", ${central_meridian}],
PARAMETER["Latitude_of_Origin", 0],
PARAMETER["False_EaSting", 5000007,
PARAMETER ["False Northing", ${false northing}],
PARAMETER ["Scale Factor", 0.9996],
UNIT["Meter", 1]1]

where
central meridian = ${lon0}
false northing = (${lat0} >= 0.0) ? 0.0 : 10000000.0

E.3 Auto Orthographic (AUTO:42003)

PROJCS ["WGS 84 / Auto Orthographic",
GEOGCS ["WGS 84",
DATUM["WGS_1984",
SPHEROID ["WGS 1984", 6378137, 298.257223563]],
PRIMEM ["Greenwich", 0],
UNIT["Decimal Degree", 0.0174532925199433]],
PROJECTION ["Orthographic"],
PARAMETER ["Central Meridian", ${central_meridian}],
PARAMETER ["Latitude of Origin", ${latitude of origin}],
UNIT["Meter", 1]]

where

central meridian = ${lon0}
latitude of origin = ${lat0}
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E.4 Auto Equirectangular (AUTQO:42004)

PROJCS["WGS 84 / Auto Equirectangular",
GEOGCS ["WGS 84",
DATUM ["WGS_1984™",
SPHEROID["WGS 1984", 6378137, 298.257223563]],
PRIMEM ["Greenwich", 0],
UNIT["Decimal Degree", 0.0174532925199433]],
PROJECTION ["Equirectangular"],
PARAMETER ["Central Meridian", ${central_meridian}],
PARAMETER [ "Latitude_of_Origin" , 01,
PARAMETER ["Standard Parallel 1", ${standard parallel}],
UNIT ["Meter", 11]]

where

central meridian = ${lon0}
standard parallel = ${lato0}
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Annex F
(informative)

Future Work

This Annex indicates future work expected on this specification.

F.1 UML Model

A Unified Modeling Language (UML) representation of web mapping that is independent
of the HTTP Distributed Computing Platform treated in this implementation specification
will be produced. The UML will be published either within this document or a separate
Part 0. The needed material is expected to emerge in part from UML work undertaken by
the OGC Documentation Subcommittee. As part of that work, and following on
technical advances by the OGC Web Services testbed, Figure 1 (OGC Web Services
Architecture Diagram) of the present document will be revised.

F.2 Support for HTTP Post

The specification will be expanded with a Part 2 to support operation requests using
HTTP POST.

F.3 Use of XML Schema

The Capabilities XML Document Type Definition (DTD) will be replaced by an XML
Schema document that more precisely dictates the format of the Capabilities XML.

F.4 Layer Identification Mechanism

The Capabilities XML will be revised, replacing some ad hoc constructs with a unified
treatment of layer identification that includes metadata about the nature of the map
information, its source, appropriate scales for display, and any cascading, caching,
transformation or value-adding processes that may have occurred.

F.S5 Adoption of Revised ISO 8601 Standard
Annex B of the present document introduces several extensions to ISO 8601:1988(E) to
allow years before 0001 and to express the periodicity of data over a certain interval. The

revised standard ISO 8601:2000 eliminates the need for those extensions. Annex B will
be revised to take account of these changes in ISO 8601.
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