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1. Introduction

1.1. Purpose of this document

The WMO Core Metadata Profile, version 1.0 (see [RD.6]), is based on the ISO standard 19115. The international standard ISO-19115 defines the schema required for describing geographic information. It provides information about the identification, the extent, the quality, the spatial and temporal schema, spatial reference, and distribution of digital geographic data. At present, the WMO Core Metadata Profile, version 1.0, can only be used to describe meteorological datasets and products. 

However, a full WMO metadata framework should also cover the description of services and features. A feature is an application object that represents a physical entity, e.g. a building, a river, or a person. A geographical feature is a feature that has a geographic reference. Examples of geographical features in meteorology are warnings or observations. Observing stations are a further kind of meteorological geographical features.

WMO Publication No. 9, Volume A, contains a list of observing stations. These stations provide surface and upper-air observations for global exchange. This paper describes an implementation of WMO Volume A as a feature catalogue following the implementing rules of the Open Geospatial Consortium (OGC). The discovery of the catalogue contents is realised by an OGC-compliant Web Feature Service (WFS). WFS provides a standard http request syntax for fine-grained data access.

1.2. Referenced documents

The following documents are referenced in this document.

RD.3
"Web Feature Service Implementation Specification", version 1.1.0, Open Geospatial Consortium, 2005-05-03  
RD.4
"OpenGIS Filter Encoding Implementation Specification", version 1.1.0, Open Geospatial Consortium, 2005-05-03

RD.5
"WMO Publication No. 9, Volume A, Observing Stations" 

RD.6
WMO Core Metadata Profile
2. Feature catalogue and web feature service

2.1. Feature, feature type and feature catalogue

A feature is an application object that represents a real world phenomena, about which data are collected, maintained, and disseminated. Examples for features are buildings, streets, rivers, or persons. A geographical feature is a feature associated with a location relative to the Earth. The location is described by a geometry element which is encoded in GML, the Geographic Markup Language. Typical geometry elements are points, curves, polygons, rings and lines. Geographical features in meteorology are warnings, observations, or stations. Geographic features occur at two levels: instances and types. At the instance level, a geographic feature is represented as a discrete phenomenon that is associated with its geographic and temporal coordinates and may be portrayed by a particular graphic symbol. These individual feature instances are grouped into classes with common characteristics. These classes are called feature types. A catalogue of features is defined as a catalogue containing a set of feature instances for a specific feature type.

2.2. OGC Web Feature Service

The OGC Web Feature Service (WFS) provides an interface allowing requests for geographical features across the web. WFS allows a client to retrieve and update geospatial data encoded in GML. The WFS interface provides a collection of operations, implemented as messages carried over the Internet protocol http, which enable access to feature catalogues, i.e. sets of features. The protocol of the WFS interface consists of four basic operations. These operations are explained in sub chapter 2.3.

WFS leads to greater transparency and openness in mapping applications. Instead of merely being able to look at a picture of the map with a Web Map Service (WMS), the user has now the ability to determine how to visualize the raw geographic and associated data. The data can be downloaded and given further analysis and combined with other data, or it can be chained with other web services to do even more interesting things on the web.

2.3. The WFS protocol

The WFS protocol defines four main operations. Each operation is actually implemented as a pair of messages, corresponding to a request and response. These operations are shown in the following figure.
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GetCapabilities

The GetCapabilities operation requests a basic description of the service instance. The service responds with an XML document that identifies the service instance, summarises the requests that this service can handle, and lists the feature types that it can report. The response is called the capabilities document. More details of the GetCapabilities operation and a sample are given in chapter 4.

2. DescribeFeatureType

The DescribeFeatureType operation requests a detailed description of specific feature types. The service responds with an XML schema specifying the XML encoding for the feature type. In principle, this allows the client to infer the format of an XML encoded representation of the feature. Now, the client will be able to construct the details of a valid GetFeature request. More details of the DescribeFeatureType operation and a sample are given in chapter 5.

3. GetFeature

The GetFeature operation requests the digital representation of specific feature instances. The request specifies

          * the feature type(s) of interest,

          * an optional filter, i.e. a set of conditions to select the requested feature instances,

          * a subset of properties that should be included in the response.

The result of a GetFeature request is a collection of feature instances of the requested type that satisfy the filter. More details of this operation and two sample requests are given in chapter 6.
4. Transaction

The Transaction operation allows the client to perform insertions, deletions, and updates on the data source. This method will not be discussed further here.
3. WMO Publication No. 9, Volume A, Observing Stations

Volume A (see [RD.5]) contains a complete list of all the surface and upper-air stations in operation, which are used for synoptic purposes.  The contents are arranged in the order of the WMO Regions and in index number order within each Region. The regional sections are followed by sections containing stations in the Antarctic and Ocean Weather Stations.

3.1. Record layout of the station data file

All the data concerning each station is contained in one record in the Station Data file. This file includes the station name and identification number, location, elevation/pressure, the types and times of observations carried out, as well as additional notes and remarks regarding the station and its observations. Each of these records is composed of 29 fields. Each field contains a specific type of data related to the station. Since Volume A is issued as a bilingual publication, the text in several of the data fields is in both English and French, e.g. region name and country name. The 29 data fields of each record are listed in order in the table below. For each field, the field code name is given along with the field definition, as well as an explanation of the contents, including the symbols, if any, that are used in that particular field.
Station Data file - Summary of field layout and contents
	<tbody>
Type of data
	Field No.
	Field Code Name
	Definition of Field Contents
	Symbols used
	Explanation of Field Contents and/or Description of Symbols Used

	Region

 
	1
	RegionId
	WMO region number
	 
	 

	
	2
	Region Name
	Name of WMO region
	 
	Region name, in English and French

	Country

 
	3
	Country Area
	Name of country or area
	 
	Country or area (in English and French) in which station is located.

	
	4
	Country Code
	Code number of country or area
	 
	Code number used in pre-May 1997 data files to identify the country or area of a station.

	Station
identification

 
	5
	StationId
	Station identifier number
	 
	The station identifier is the "KeyField Value" used by the data base

	
	6
	IndexNbr
	WMO Station Index Number (a)
	 
	Unique station identifier, used in the transmission of weather observation reports from the station.

	
	7
	Index SubNbr
	Sub-index number
	 
	A sub-index number is inserted for each station. It is used in the data file to differentiate between two stations with the same index number, usually established at the same (or nearly the same) location/elevation, one for surface and one for upper-air observations. The first station to be established under any station index number always has a sub-index of "0". If a second, separate station with that index number is opened for upper-air observations, it will be assigned a sub-index number of "1".

	
	
	
	
	0
	First station established under a given station index number (surface and/or upper-air)

	
	
	
	
	1
	Second station opened under a given station index number, for upper-air observations 

	
	8
	Station Name
	Name of station
	 
	Station's name, assigned by the country

	Location
	9

 
	Lat

 
	Latitude
 
 
	 
	Latitude, in degrees and minutes:

	
	
	
	
	N
	North of the Equator

	
	
	
	
	S
	South of the Equator

	
	10

 
	Long

 
	Longitude

 
	 
	Longitude, in degrees and minutes:

	
	
	
	
	E
	East of the Greenwich meridian

	
	
	
	
	W
	West of the Greenwich meridian

	Elevation / Pressure level
	11
	Hp
	Elevation of the station, in metres
	 
	Elevation of the station, in metres; the reference/datum level to which barometric pressure reports at the station refer.

	
	12
	HpFlag
	Indicates approximate figure
	#
	A hash sign ("#") is inserted if the elevation figure shown for HP is approximate.

	
	13
	Hha
	Elevation or Altitude: H or HA, in metres
 
	 
	H: For stations not located on aerodromes: elevation of the ground (average level of terrain in the immediate vicinity of the station).

	
	
	
	
	 
	HA: For stations located on aerodromes: official altitude of the aerodrome. These stations are designated by the letter "A" in the column/field "Other observations and remarks" (see Field 29 below, and Code Table A - Observations and Remarks).

	
	14
	HhaFlag
	Indicates approximate figure
	#
	A hash sign ("#") appears if the elevation figure shown for H or HA is approximate.

	
	15

 
	PressureDefId
	Pressure level

 
	 
	For stations which do not indicate air pressure reduced to mean sea level in their synoptic reports (group 4PPPP), the following indicators show the information reported in lieu of group 4PPPP:

	
	
	
	
	STATION
	Pressure at station level is reported using group 3PoPoPoPo.

	
	
	
	
	1000 HPA
850 HPA
700 HPA
500 HPA
	Geopotential of the given standard isobaric surface is reported using group 4a3hhh.

	Surface observations

 
	

16
17
18
19
20
21
22
23
	

SO-1
SO-2
SO-3
SO-4
SO-5
SO-6
SO-7
SO-8
	Surface synoptic observations:
at 00 UTC 
at 03 UTC
at 06 UTC
at 09 UTC
at 12 UTC
at 15 UTC
at 18 UTC
at 21 UTC
	X
	Surface synoptic observations are made regularly at the time indicated, in accordance with a fixed schedule. 

	
	
	
	
	(figures)
	Time figures shown instead of an X (e.g. "02" under column "03" / in field "SO2") mean that observations are made regularly at the time inserted (e.g. 0200 UTC) instead of at the standard observation time for the corresponding column/field (in this case 0300 UTC).

	
	
	
	
	.
(dot)
	No surface observations are made at the time indicated.

	
	24

 
	ObsHs

 
	Hourly or Half-hourly surface observations
 
 
	 
	If surface observations are made on an hourly or half-hourly basis, this is indicated by the symbol H or S, followed by the period of the day during which this is done. When the period begins or ends at the half-hour, the full four-figure time is given.

	
	
	
	
	H
	Hourly observations are carried out during the period indicated.

	
	
	
	
	S
	Half-hourly (semi-hourly) observations are carried out during the period indicated.

	Upper-air observations

 

 

 
	

25

26

27

28

 
	

UA-1

UA-2

UA-3

UA-4

 
	Upper-air observations:
at 00 UTC

at 06 UTC 

at 12 UTC

at 18 UTC

 
	X
	Upper-air observation of an unspecified type is carried out.

	
	
	
	
	(figures)
	The symbol "X" is replaced by figures indicating a time (e.g. 23, 02, etc.) when the observation is carried out at a non-standard time.

	
	
	
	
	P
	Pilot-balloon: observation of upper-wind is obtained by optical tracking of a free balloon.

	
	
	
	
	R
	Radiosonde: observation of atmospheric pressure, temperature and humidity in the upper-air is obtained by electronic means.

	
	
	
	
	W
	Radiowind: upper-wind observation is obtained by tracking a free balloon by electronic means.

	
	
	
	
	WP
	Wind Profiler: a wind profiler is used to obtain the upper-air observation.

	
	
	
	
	PR
RW
	The letters P, R and W are combined as necessary to indicate simultaneous upper-air observations of the different types listed above. 

	
	
	
	
	.
(dot)
	No upper-air observations are made at the time indicated.

	Additional information
	29
	ObsRems
	Other observations and remarks
	See Code Table A.
	Information on additional observations made at the station, special types of stations, and additional information relating to other fields in the data file is shown here. (See Code Table A - Observations and Remarks for an explanation of the abbreviations and symbols used in this field.)
</tbody>


 

3.2. Sample record

The data in each of the records in the Station Data file appears like in the following sample record:

	Region

 
	1
	RegionId
	1

	
	2
	Region Name
	AFRICA / AFRIQUE

	Country

 
	3
	Country Area
	SUDAN / SOUDAN

	
	4
	Country Code
	1160

	Station
identification

 
	5
	StationId
	382

	
	6
	IndexNbr
	62781

	
	7
	Index SubNbr
	0

	
	8
	Station Name
	EN NAHUD

	
	9
	Lat
	12 42N

	
	10
	Long
	28 26E

	Elevation / Pressure level
	11
	Hp
	564

	
	12
	HpFlag
	

	
	13
	Hha
	565

	
	14
	HhaFlag
	#

	
	15
	PressureDefId
	

	Surface observations
	16

17

18

19

20

21

22

23
	SO-1
SO-2
SO-3
SO-4
SO-5
SO-6
SO-7
SO-8
	X

X

X

X

X

X

X

X

	
	24
	ObsHs
	S00-24

	Upper-air observations
	25

26

27

28
	UA-1

UA-2

UA-3

UA-4
	.

.

.

.

	Additional information
	29
	ObsRems
	CLIMAT(C);EVAP;M/B;SUNDUR


 

4. GetCapabilities operation

Each OGC Web Service must be able to describe its capabilities. The GetCapabilities operation is the standard function that performs this task. The capabilities of a Web Feature Service include general information about the requested service, e.g. title, abstract and keywords. The capabilities document outlines the metadata of all operations, which are supported by the service. Further, all accessible feature types are listed in the response. Each feature type description tells the user
· what operations (Query, Insert, Update, Delete, Lock) are available for that FeatureType

· the FeatureType name and namespace

· what SRS/Projection the data is in

· the spatial extents of the FeatureType

4.1. Request

The following URL gives a sample request for the GetCapabilities operation.

http://vgisc.dwd.de/geoserver/wfs?request=GetCapabilities
4.2. Response

The following XML document shows a fragment of the capabilities document that is returned as the response of the above request. The <FeatureTypeList> includes a list of operations and the descriptions of the feature types. One supported feature type of this sample WFS instance is dwd:STATIONS_WMO. This feature type represents the observing stations defined in WMO Publication No. 9, Volume A. The geographic bounding box which covers all station locations is the complete globe surface, i.e. the lower corner of the box is the south pole and the upper corner is the north pole.

<wfs:WFS_Capabilities version="1.1.0"
    xmlns="http://www.opengis.net/wfs"
    xmlns:wfs="http://www.opengis.net/wfs"
    xmlns:ows="http://www.opengis.net/ows" >
  ......
    <FeatureTypeList>
        <Operations>
            <Operation>Query</Operation> 

            <Operation>Insert</Operation> 

            <Operation>Update</Operation> 

            <Operation>Delete</Operation> 

            <Operation>Lock</Operation> 

        </Operations>
        <FeatureType xmlns:dwd="http://www.dwd.de">
            <Name>dwd:STATIONS_WMO</Name> 

            <Title>STATIONS_WMO_Type</Title> 

            <Abstract>WMO Publication No. 9, Volume A</Abstract> 

            <ows:Keywords/><ows:Keyword>metaxmltest</ows:Keyword> 
            <ows:Keyword>STATIONS_WMO</ows:Keyword> 

</ows:Keywords>
<DefaultSRS>urn:x-ogc:def:crs:EPSG:6.11.2:4326</DefaultSRS> 

            <ows:WGS84BoundingBox>
                <ows:LowerCorner>-180.0 -90.0</ows:LowerCorner> 

                <ows:UpperCorner>180.0 90.0</ows:UpperCorner> 

            </ows:WGS84BoundingBox>
        </FeatureType>
    </FeatureType>
</FeatureTypeList>

 .......
</wfs:WFS_Capabilities>
5. DescribeFeatureType Operation

The function of the DescribeFeatureType operation is to provide a client the means to request a schema definition of any feature type that a particular WFS can service. The description that is generated will define how a WFS expects a client application to express the state of a feature to be created or the new state of a feature to be updated. The result of a DescribeFeatureType request is an XML schema document, describing one or more feature types serviced by the WFS. Please refer to [RD.3] for a full specification.

5.1. Request

The following URL retrieves the XML schema of the feature type dwd:STATIONS_WMO.

http://vgisc.dwd.de/geoserver/wfs?request=DescribeFeatureType&typeName=dwd:STATIONS_WMO
5.2. Response

The response document is an XML schema file. A graphical presentation of this schema is shown in the figure below. The XML schema is a very straight-forward implementation of the record layout of the station data file as it is described in chapter 3.1. The feature type dwd:STATIONS_WMOType is a flat sequence of the station fields. The two fields for the specification of the location, latitude and longitude, are an exception. The location specification must be stored in a new element of the GML type GeometryPropertyType.
[image: image1.png]staTIons wmo 23!

AWd:STATIONS_WHOType.

attibutes

st aonecopees (=)

This content model group makes -
s 10 connt tipes
v o AbeacGHLType
and s descendent by restictin.
A rfarence o the graup saves
having to anumerate the standard
abjetproperies,

Deprecated n GML3.10

e ner

[[Finoex_susnr

attibutes

085 REMARKS
L a

Generated with XMLSpy Schema Editor ™ T B





6. GetFeature Operation

The GetFeature operation allows retrieval of features from a Web Feature Server. The basics of this operation are defined in the Web Feature Service Specification [RD.3]. A GetFeature request is formulated similar to the select-from-where philosophy of a SQL select statement. The request is specified in XML and passed to the service for processing. The XML request document contains at least one <Query> element. The <Query>-tag is used to specify request for one feature type. The attribute typeName defines the name of this feature type. The body of the <Query>-tag may start with a list of <PropertyName>-tags. This list defines the properties of a feature instance which should be delivered in the result set. The complete feature instance is delivered if no property exists. A <Filter>-tag could be used to define a set of selection criteria which should be fulfilled by each feature instance in the output. Selection criteria are expressed as comparison operations against the feature properties. A detailed description of the filter encoding can be found in [RD.4].
The service responds with a collection containing feature instances of the requested type that satisfy the filter. The instances are grouped by the XML element <FeatureCollection>. The content model for each instance is primarily defined by an XML Schema describing the feature type requested, and secondarily by the properties selected in the <Query> element within the GetFeature request.

6.1. Request

The following URL describes the WFS request to the WMO station with the index number 62781. This station is the sample record used in section 3.2. 

http://vgisc.dwd.de/geoserver/wfs?request=GetFeature&typeName=dwd:STATIONS_WMO&FEATUREID=STATIONS_WMO.62781%260
Three attribute-value pairs build the request. The first pair specifies the operation, here GetFeature, that should be executed by the service. The second pair addresses the feature type and the third pair specifies a unique filter using the field FEATURE_ID. The value of FEATURE_ID denotes the unique identifier of a feature instance. The identifier consists of the feature type name as a prefix and the unique key of the feature instances. In the case of the WMO stations of Volume A the unique key is composed of the fields IndexNbr and IndexSubNbr. The &-sign (hex value = 26) is used for the concatenation of the field values in order to build the full key value. The feature identifier of the WMO station with the index number 62781 is STATIONS_WMO.62781&0. The result of this request is shown in the next section.
A further WFS request for feature instances of the feature type dwd:STATIONS_WMO is the following XML document. The request selects only the properties STATIONNAME and LOCATION. The filter restricts the output to those WMO stations which are located in Sudan and which are inside of a given bounding box.
<wfs:GetFeature service="WFS" version="1.1.0"

  xmlns:dwd="http://www.dwd.de"  xmlns:gml="http://www.opengis.net/gml"

  xmlns:wfs="http://www.opengis.net/wfs" xmlns:ogc="http://www.opengis.net/ogc"

  xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"

  xsi:schemaLocation="http://www.opengis.net/wfs

                        http://schemas.opengis.net/wfs/1.1.0/wfs.xsd">

  <wfs:Query typeName="dwd:STATIONS_WMO">

    <ogc:PropertyName>STATIONNAME</ogc:PropertyName>

    <ogc:PropertyName>LOCATION</ogc:PropertyName>

    <ogc:Filter>

      <ogc:And>

        <ogc:PropertyIsEqualTo>

          <ogc:PropertyName>COUNTRY_AREA</ogc:PropertyName>

          <ogc:Literal>SUDAN / SOUDAN</ogc:Literal>

        </ogc:PropertyIsEqualTo>

        <ogc:BBOX>

          <ogc:PropertyName>LOCATION</ogc:PropertyName>

          <gml:Envelope srsName="http://www.opengis.net/gml/srs/epsg.xml#4326">

            <gml:lowerCorner>30 20</gml:lowerCorner>

            <gml:upperCorner>36 22</gml:upperCorner>

          </gml:Envelope>

        </ogc:BBOX>

      </ogc:And>

    </ogc:Filter>

  </wfs:Query>

</wfs:GetFeature>

6.2. Response

The XML document that will be returned as the result of the first sample request is illustrated here: 
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7. Open issues

7.1. Multi-lingual aspects

WMO Publication No. 9, Volume A, is issued as a bilingual publication. The text in some data fields is in both English and French. Region name and country name are two examples. This fact is problematic with respect to searching. Consider the case where a user wants to select all WMO stations of Germany. The corresponding filter condition has to be encoded as

        <ogc:PropertyIsEqualTo>

          <ogc:PropertyName>COUNTRY_AREA</ogc:PropertyName>

          <ogc:Literal>GERMANY / ALLEMAGNE</ogc:Literal>

        </ogc:PropertyIsEqualTo>

The condition implies that the country name is a compound name. Instead, it is the combination of the English and French version of the name.
The problem could be solved if the type of the field COUNTRY_AREA will be realised in the feature type implementation as <gco:CharacterStringPropertyType>.
7.2. Object-oriented structure

A record of the WMO station data file is composed of 29 flat fields. Each field has an atomic type, i.e. it is either a string or a number. However, some fields are grouped together in order to get a more comprehensive structure. The groups can be found in the first column of the layout table (see section 3.1). For example, the surface observations are divided into 8 regular times and a field ObsHs which indicates whether the observations are made on an hourly or half-hourly basis. This object-oriented view on the metadata for station descriptions according to Volume A can be easily as a feature type.
7.3. Extensions

WMO Volume A has a fixed structure. It is not allowed to add new fields in order to specify additional information. XML schema provides the possibility to create a more flexible structure for station descriptions. A simple way to reach this flexibility is the insertion of a new element called <localField> into the feature type definition. This element may occur several times. An attribute can be used to specify the name of the local field. This allows providers of station information to express a lot of more information. For example, the creation date of a station could be defined or the ICAO number could be given if the station is located on an aerodrome.
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