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1. Introduction

To integrate various satellite data, reference site observation data and multi-dimensional model simulation results like GRIB and MOLTS, it is necessary to exactly represent or reconstruct geometric conditions in observing or acquiring data by space-borne sensors. Information to describe or reconstruct the observation conditions is usually represented by metadata. Standardization on metadata of satellite imagery is being conducted by several organizations such as ISO/TC211 (http://www.isotc211.org/). This report reviews the present status of documents for standardization by ISO and proposes complementary components to fulfill the requirements for integrating satellite imagery, reference site observation data and model simulation results collected in the Coordinated Enhanced Observing Period (CEOP) (http://ceop.net/).

For the design of metadata, two stages can be identified as follows;

(1) Finding data

(2) Integrating data

In the “finding data” stage, users identify data which may be useful for their own purposes. Metadata are required to provide minimum information to support the users’ judgment or evaluation of usability of the data. In the “integrating data” stage, users overlay spatially and temporally the data so that the spatio-temporal relationships among data and/or pixels can be explicitly reconstructed. For this purpose, metadata should include enough information to let users overlay the retrieved data. In case of satellite data, if they are not geometrically and radiometrically corrected, metadata should provide enough information for geometric correction and radiometric correction such as satellite orbit, sensor attitude and many calibration parameters. 

In case of CEOP reference site data, because all satellite data are already geocoded and radiometrically corrected, i.e. satellite image data are already converted to raster data, no further data for geometric and radiometric correction need be included in the metadata. This means that the same metadata can be used for “data-finding” and “data integration” as long as CEOP reference site data are concerned. This report summarizes metadata design for CEOP reference site data. But this metadata can be applied to the data-finding stage of the other satellite data, reference site observation data and model simulation results.

(The authors are providing the second report on the metadata design focusing on “data integration” stage of satellite images based on ISO 19130 document.)
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Figure 1. Scope of the report
2. Metadata development 

Metadata, commonly defined as "data about data", is a structured set of information which describes data (including both digital and non-digital datasets) stored in administrative systems. Metadata may provide a short summary about content, purpose, quality, location of data as well as information related to its creation.
Standardized metadata support users in effectively and efficiently accessing data by using a common set of terminology and metadata elements that allow for a quick means of data discovery and retrieval through metadata clearinghouses. ISO 19115 metadata standard [1] Geographic Information ( Metadata was approved by the international community in April 2003 as a tool to define metadata in the field of geographic information. This standard defines the schema required for describing geographic information and services and provides information about identification, extent, quality, spatial and temporal schema, spatial reference, and distribution of digital geographic data. It specifies the comprehensive standard containing 14 packages and about 400 metadata elements. Its schema is described in UML and detail specifications are defined in the data dictionary. Users may describe not only the comprehensive metadata but also core metadata for the discovery of geographic data. Currently, ISO TC211 is now discussing ISO 19139: Geographic information – Metadata – Implementation specifications [2] for the implementation of metadata.

2.1 ISO 19115 core metadata for geographic datasets

In ISO 19115 standard, metadata for geographic data is presented in UML packages, including: metadata entity set information, identification information, constraint information, data quality information, maintenance information, spatial representation information, reference system information, content information, portrayal catalogue information, distribution information, metadata extension information, application schema information, units of measurement, extent information, citation and responsible party information.  Figure 2 illustrates the layout of the packages. Each package contains one or more entities (UML classes), which can be specified (subclassed) or generalized (superclassed). Entities contain elements (UML class attributes) which identify the discrete units of metadata.  Entities may be related to one or more other entities.  They can be aggregated and repeated as necessary to meet: (1) the mandatory requirements stated in the standard; and (2) additional user requirements.

In the standard, an extensive set of metadata elements is defined; typically only a subset of the full number of elements is used. However, it is essential that a basic minimum number of metadata elements be maintained for a dataset. Table 1 lists the core metadata elements required to identify a dataset, typically for catalogue purposes. This list contains metadata elements answering the following questions: “Does a dataset on a specific topic exist (‘what’)?”, “For a specific place (‘where’)?”, “For a specific date or period (‘when’)?” and “A point of contact to learn more about or order the dataset (‘who’)?”. Using the recommended optional elements in addition to the mandatory elements will increase interoperability, allowing users to understand without ambiguity the geographic data and the related metadata provided by either the producer or the distributor. Dataset metadata profiles of the standard shall include this core. Listed in the table are the core metadata elements (mandatory and recommended optional) required for describing a dataset. A “M” indicates that the element is mandatory. An “O” indicates that the element is optional. A “C” indicates that the element is mandatory under certain conditions.

2.2 ISO 19139 metadata implementation

ISO/TC 211 has approved a project to develop ISO 19139, Geographic information - Metadata - Implementation specification. The ISO 19139 specification defines an implementation UML model based upon the abstract UML model in ISO 19115. The UML implementation model may be used in conjunction with an XML schema, which will be included in an informative annex to ISO 19139, to describe digital geographic datasets.
The XML schema describes structure and content of the mandatory and optional elements in the UML metadata model. This schema can be used to validate an XML instance document conformance to the UML metadata implementation model. Transforming from UML profile to XML schema includes two steps as follows,

(1)  Output XML to be used to generate XSD

Once the UML model is representative of a geographic metadata dataset implementation, it is necessary to derive the XML schemas directly from the model. The first step in this phase is to run XMLout4XMLSchema.ebs to create an XML document that is used to eventually create an XML schema. XMLout4XMLSchema.ebs is not specific to ISO 19115 and it can be used to generate various XML schema based on the selected package in Rational Rose. To create the schema represented in this specification, XMLout4XMLSchema.ebs is executed for each custom schema presented. For the sake of describing the creation process, the output xml files from those respective steps are referred to as iso19115_template.xml and theConstraintTypes_template.xml, although the actual filenames are irrelevant to the process. These XML files are interim templates used to generate the final XML schemas (XSD's) that are presented in this specification.

(2) Transforming XML to XSD

To generate the final XML schemas, it is necessary to perform an XSL transformation on the aforementioned xml template files. An XSL transformation is simply an XML application that specifies the rules by with one XML document is transformed into another. Using this process the templates output from the UML models are converted to XML schemas which are another type of XML document. The transformation rules applicable to this step are specified in UMLSchema_To_XMLSchema_xs.xslt.
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Figure 2. Metadata package
Table 1.0\IF >= 1 "A." 
 Core metadata for geographic datasets
	Dataset title (M) 

(MD_Metadata > MD_Identification.citation > CI_Citation.title)
	Spatial representation type (O) 

(MD_Metadata > MD_DataIdentification.spatialRepresentationType)

	Dataset reference date (M) 

(MD_Metadata > MD_DataIdentification.citation >

CI_Citation.date)
	Reference system (O) 

(MD_Metadata > MD_ReferenceSystem)

	Dataset responsible party (O) 

(MD_Metadata > MD_Identification.pointOfContact > CI_ResponsibleParty)
	Lineage statement (O) 

(MD_Metadata > DQ_DataQuality > LI_Lineage.statement)

	Geographic location of the dataset (by four coordinates or by geographic identifier) (C) 

(MD_Metadata > MD_DataIdentification.extent >

EX_GeographicBoundingBox or

MD_DataIdentification.extent > EX_GeographicDescription )
	On-line resource (O)

(MD_Metadata > MD_Distribution > MD_DigitalTransferOption.onLine > CI_OnlineResource)

	Dataset language (M) 

(MD_Metadata > MD_DataIdentification.lauguage)
	Metadata file identifier (O) 

(MD_Metadata.fileIdentifier)

	Dataset character set (C) 

(MD_Metadata > MD_DataIdentification.characterSet)
	Metadata standard name (O) 

(MD_Metadata.metadataStandardName)

	Dataset topic category (M) 

(MD_Metadata > MD_DataIdentification.topicCategory)
	Metadata standard version (O) 

(MD_Metadata.metadataStandardVersion)

	Spatial resolution of the dataset (O) 

(MD_Metadata > MD_DataIdentification.spatialResolution > MD_Resolution.equivalentScale or MD_Resolution.distance)
	Metadata language (C) 

(MD_Metadata.language)

	Abstract describing the dataset (M) 

(MD_Metadata > MD_Identification.abstract)
	Metadata character set (C) 

(MD_Metadata.characterSet)

	Distribution format (O) 

(MD_Metadata > MD_Distribution > MD_Format.name and

MD_Format.version)
	Metadata point of contact (M) 

(MD_Metadata.contact >  CI_ResponsibleParty)

	Additional extent information for the dataset (vertical and temporal) (O) 

(MD_Metadata > MD_DataIdentification.extent >

verticalElement or MD_Metadata >

MD_DataIdentification.extent > temporalElement)
	Metadata date stamp (M) 

(MD_Metadata.dateStamp)


2.3 CEOP/ISO metadata standard harmonization
As shown in Figure 3, the "mapping" is required to define between CEOP metadata and ISO metadata. By this mapping, some items can be reflected in ISO core metadata, and some are reflected in ISO non-core metadata. To fill the gap between the existing CEOP metadata and the ISO metadata, some metadata are added in the CEOP. These additional items will be helpful for use to decide the availability of data sets.
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Figure 3. Mapping CEOP metadata to ISO metadata
2.4 Metadata output format

Data interchange is an essential element in achieving interoperability between heterogeneous systems. Metadata may be created, stored, and used in a variety of formats. There are usually two kinds of fundamental interoperability format. 

(1) UML model ( semantic interoperability, is to define and agree on the semantics of the content and logical structures of data. UML model is an intuitive and powerful choice for describing the semantics and logical structures of data as well as behavioral aspects.

(2) XML schema ( syntactic interoperability, is to define a system and platform independent data structure that can represent data corresponding to the application schema. XML can be chosen as a data interchange format because of its simplicity, Web conformance, and extensively tool support.

3. Satellite imagery metadata

3.1 AMSR-E satellite metadata as an example
AMSR-E is chosen as an illustrative example for the metadata structure.
3.1.1 AMSR-E satellite imagery data set
AMSR-E is the radio sensors that precisely measure faint radio waves radiated from the earth surface and atmosphere by themselves with multiple frequency bands. AMSR-E product level is defined as shown in the Table 2 [3].

Table 2. Types of AMSR-E products
	Product name
	Outline of the product

	Level 1A
	The product contains the radiometrically and geometrically processed data, such as the observed count data, the antenna temperature coefficient, the geolocations of observed points, which are calculated from observed raw AMSR-E data.

	Level 1B
	The brightness temperature of each observed point are calculated from L1A data and stored into L1B product together with other ancillary data. (Not applicable for NSIDC DAP package)

	Level 1B Map
	Map projected products calculated from L1B product. The mapping methods are

latitude/longitude equatorial, mercator, or polar stereo. (Not applicable for NSIDC DAP package)

	Level 2
	The water related physical parameters (accumulated water vapor, accumulated cloud liquid water, amount of precipitation, sea surface wind speed, sea surface temperature, sea ice concentration, snow water equivalence, and soil moisture) are calculated from L1B product to produce L2 products. Separate L2 products are produced for each physical parameter.

	Level 2 Map
	Map projected products extracted from L2 products.

	Level 3
	The water related parameters are averaged daily or monthly upon the pre-defined grids on the Earth.


(1) AMSR-E level 1 product

Level 1A product stores the observed antenna temperature count data of the corresponding position (longitude, latitude of the observation points), the navigation data, the attitude data and the other useful data for the analysis of AMSR-E data. Level 1B product stores the observed brightness temperature data of the corresponding position (longitude, latitude of the observation points), the navigation data, the attitude data and the other useful data for the analysis of AMSR-E data. Level 1B Map product stores the observed brightness temperature data is projected by user specified mapping and resampling method.
Level 1 product consists of the header part and data part. The header part includes the core metadata and the product metadata. The core metadata shows the outline of its product and the product metadata shows the main characteristics of AMSR-E and the telemetry conversion table. In the data part, the observed antenna count data, its position data and so on, are stored with SDS, Vdata format. The structure of AMSR-E Level 1 product is shown in Figure 4. As shown in the figure, the core metadata are stored as a header with a global attribute model. The detailed items stored in the core metadata and the product metadata are shown in Tables 3.

(2) AMSR-E level 2 product

Level 2 product is processed from level 1B product. It contains geophysical quantities, such as water vapor, cloud liquid water, precipitation, sea surface wind speed, sea surface temperature, sea ice concentration, snow water equivalent, and soil moisture, which are calculated from the brightness temperature. Level 2 Map product has projection of level 2 data on a map. Its data is selected from level 2 data by specified parameters. Number of image in the level 2 Map product is 300 pixels × 300 pixels. Each pixel is 2 bytes. This data is stored as SDS in the product.
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(a) Level 1A. 


(b) Level 1B.


 (c) Level 1B Map.

Figure 4. Data structure of AMSR-E level 1 product
Level 2 product contains two major parts: the header and data. The header part is composed of core metadata. Core metadata describes the information about a product. The geophysical quantity in level 2 product is stored in SDS, 196 ×1975 (nominal), 2 dimension array. (Level 1B product has two overlaps with before or next scan. On the other hand,  the overlaps are deleted in level 2 product for a half orbit. The structure of AMSR-E Level 2 product is shown in Figure 5. As shown in the figure, the core metadata are stored as a header with a global attribute model. The detailed items stored in the core metadata and the product metadata are shown in Tables 3.
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Figure 5. Data structure of AMSR-E level 2 product
(3) AMSR-E level 3 product

Level 3 product is processed from level 1B or level 2 product. Level 3 product contains the global data which are the daily or monthly average data of each geophysical quantity, such as brightness temperature in level 1B product, WV, CLW, AP, SSW, IC, SWE, or SM in level 2 product. The data in level 3 is calculated average daily or monthly in each directions, such as ascending or descending, and projected by equirectangular or polar stereo graphic. In the case of polar stereo the data more than 60 degrees for latitude are projected.

There are 3 types for storing the average in level 3 product. In the case of equirectangular, the data is stored as a SDS of 2 dimension array, which is 304 points for pixel and 448 for line. In Polar stereo, it is 316 for pixel and 448 for line, or 431 for pixel and 573 for line. In the case of polar stereo of TB or IC, the only average around the north pole or south is stored in SDS, for SWE the only the average around the north pole is stored. As above the data part is composed of only one SDS.

The structure of AMSR-E Level 3 product is shown in Figure 6. As shown in the figure, the core metadata are stored as a header with a global attribute model. The detailed items stored in the core metadata and the product metadata are shown in Tables 3.
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Figure 6. Data structure of AMSR-E level 3 product
3.1.2 Header information of data file and their mapping to ISO metadata
Header information of data file contains the necessary information about the product. These items are selected from the necessary attributes. The metadata is stored in the core metadata and its name is considered as global attribute.  Metadata in each global attribute is preserved in ASCII. A list of core metadata designed for AMSR-E satellite data is shown in Table3.

3.1.3 Example of satellite metadata [9]
MD_Identification:


citation: 



title: F13SSMI1B_200107152131_wpo_low

MD_Sensor:


title: F13 SSM/I

MD_DataIdentification:


topicCategory

MD_Keywords:


Brightness Temperature

EX_TemporalExtent:


extent: 2001/07/15 21:31:18

MD_GridSpatialRepresentation:


numberOfDimensions


axisDimensionProperties


cellGeometry

MD_RangeDimension:


sequenceIdentifier

MD_Band:


CellValueType: 2byte integer

MD_CoverageDescription:


attributeDescription: Kelvin

MD_Band:


scaleFactor: 10

MD_RangeDimension:


descriptor: 19.35GHz-V,19.35GHz-H,22.235GHz-V,37.0GHz-V,37.0GHz-H

MD_Band:


bandResolution

CI_Citation:


title: WesternPacificOcean

MD_DataIdentification:


geographicDescription

MD_DataIdentification:


EX_GeographicBoundingBox:



WestBoundLongitude



EastBoundLongitude



SouthBoundLatitude



northBoundLatitude

SD_PointPosition:


Origin

MD_GridSpatialRepresentation


gridSize: 0.25

MD_Band:


valueForMissingData: 9999


outOfObservation

MD_ImageDescription:


obseavationAreaRatio: 100

LI_ProcessStep:


description: Software Ver:1.0


description

LI_ProcessStep:


dateTime: 2003/07/03

LI_ProcessStep:


processor: NASDA/EORC@HARUMI

LI_Source:


description: f13_Tb_01196_25D.hdf

CI_ResponsibleParty


originalProcessingCenter: GHRC@GHCC

MD_Format:


Name


Version

Blank

Table 3. Header information of data file for CEOP satellite data

	Index
	CEOP header data item description
	ISO metadata package
	Class
	Attribute
	Data type
	Explanations

	1
	Filename
	Identification information
	MD_Identification
	citation
	CI_Citation
	Filename can be title (an attribute of CI_Citation class). See 19115_No.360

	2
	Sensor
	 
	MD_Sensor
	 
	 
	If MD_Sensor class suggested in 19115-2 is not applied, this will be handled as "title".

	3
	Product
	
	MD_DataIdentification
	topicCategory
	Class
	High-level geographic data thematic classification to assist in the grouping and search of available geographic data sets. Can be used to group keywords as well. Listed examples are not exhaustive. "imageryBaseMapsEarthCover"seems to be the most appropriated among the examples given. But, "CEOP_Satellite_Imagery" is suggested as a better term.

	
	 
	
	or MD_Keywords
	keywords
	CharacterString
	Keywords can be used.

	4
	Observation Date and Time
	Extent information
	EX_TemporalExtent
	Class
	TM_Primitive
	Date and time for the content of the dataset

	5
	Image Size
	Spatial representation information
	MD_GridSpatialRepresentation
	
	 
	Spatio grid dimension

	
	 
	 
	 
	numberOfDimensions
	Integer
	 

	
	 
	 
	 
	axisDimensionProperties
	Sequence<MD_Dimension>
	Row, column, vertical etc. see B.5.14 MD_DimensionNameTypeCode <<CodeList>> Resolution of Grid is also represented here

	
	 
	 
	 
	cellGeometry
	class (MD_CellGeometryCode)
	Point or area 

	
	 
	Content information
	MD_RangeDimension
	sequenceIdentifier
	MemberName
	Number of spectral/frequency bands

	6
	Data Type
	Content information
	MD_Band
	cellValueType
	 
	e.g. ２byte Integer  　　　　　　                                       Proposed in 19115-2:  mandatory (if applicable) bit representation of data value in raster cell

	7
	Data Unit
	Content information
	MD_CoverageDescription
	attributeDescription
	record type (see. 19103)
	Unit of physical measurement
Def.  Record type (see. 19103): "A Record is used as an implementation representation for features, by keeping a list of (name, value) pairs in a
dictionary. This represents a generic storage structure for features."

	8
	Scale Factor
	Content information
	MD_Band
	scaleFactor
	Real
	19115_No.266

	9
	Observation Channel
	Content information
	MD_RangeDimension
	descriptor
	CharacterString
	 

	new
	FOV (new)
	 
	MD_Band
	bandResolution
	 
	Proposed by 19115-2: smallest distance between which separate points can be distinguished, as specified in instrument design.

	10
	Reference Site
	Citation and responsible party
	CI_Citation
	title
	CharacterString
	19115_No.360 (to be included in "title" of file).

	
	 
	Identification
	MD_DataIdentification
	geographicDescription
	EX_geographicDescription --> MD_Identifier
	Reference sites to be registered as a namespace.

	11
	LAT./LON. In center of Lower Left Pixel
	Identification --> Spatial representaion information
	MD_DataIdentification --> EX_GeographicBoundingBox
	westBoundLongitude, eastBoundLongitude, southBoundLatitude,. northBoundLatitude
	 
	19115_No.343.

	new
	LAT./LON. And Heght of the Satellite in scanninng the Scene Center (new)
	MD_Sensor?
	SD_PointPosition
	origin
	GM_Point
	Definition: position of satellite when scanned the ceter of a scene (Lat. Lon. Height (km))
19130 "sensor model" allows to describe the position of a satellite at any arbitrary time with SD_PointPosition. But it is not included by 19115-2. Need to extend 19115-2 according to 19130.

	12 (modified)
	Grid Size
	Spatial representation information
	MD_GridSpatialRepresentation
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	13
	Missing Value 
	Content information
	MD_Band
	new attribute should be added  "value_for_missing_data"
	CharacterString
	
Missing data: data are not captured though a grid-cell is in the observation area.

	
	 
	Content information
	MD_Band
	new attribute should be added  "out_of_observation"
	boolean
	Out of observation:  a grid-cell is out of the observation area.

	14
	Observation area ratio (Ovserved Pixel/All Pixel)
	Content information
	MD_ImageDescription
	new attribute should be added.
	Real
	Need to Add.

	15
	Subset software version
	Data quality information
(Lineage information)
	LI_ProcessStep
	description
	CharacterString
	 

	new
	Reference for Processing Algorithm for Physical data product
	Data quality information
(Lineage information)
	LI_ProcessStep
	description
	CharacterString
	Citation information of documents describing algorithms of computing physical parameter values from satellite imagery to be described here.

	16
	Processing Date
	Data quality information
(Lineage information)
	LI_ProcessStep
	dateTime
	DateTime
	 

	17
	Processing Center
	or Data quality information (Lineage information)
	LI_ProcessStep
	processor
	class:  CI_ResponsibleParty
	 

	18
	Input Original Filename
	Data quality information (Lineage information)
	LI_Source
	description
	CharacterString
	 

	
	Original File version
	Data quality information (Lineage information)
	LI_Source
	description
	CharacterString
	

	19
	Original File Processing Center
	Data quality information (Lineage information)
	CI_ResponsibleParty
and/or CI_Contact
	
	CharacterString
	

	20
	HDF library version(no longer relevant
	Distribution information
	MD_Format
	name and version
	CharacterString
	This data item will be removed.

	21
	Blank
	 
	 
	 
	 
	 


4. Reference site metadata

4.1 Reference site data set

Table 4 shows the CEOP reference site data, which includes four resolution data sets: (1) surface meteorological and radiation data set; (2) flux data set; (3) soil temperature and soil moisture data set; (4) meteorological tower data set.

Table 4. Reference site data set

	Data set
	Data 
category
	Submission date
(First half EOP-3)
	Submission date
(Second half EOP-3)
	Submission date
(First half EOP-4)
	Submission date
(Second half EOP-4)
	Detailed format description

	Surface meteorological and radiation data set
	Category 1
	1 October 2003
	1 April 2004
	1 October 2004
	1 April 2005
	Surface meteorological and radiation format

	Flux data set
	Category 2
	1 July 2004
	1 January 2005
	1 July 2005
	1 January 2006
	Flux format

	Soil temperature and soil moisture data set
	Category 1
	1 October 2003
	1 April 2004
	1 October 2004
	1 April 2005
	Soil temperature and soil moisture format

	Meteorological tower data set
	Category 1
	1 October 2003
	1 April 2004
	1 October 2004
	1 April 2005
	Meteorological tower format


4.1.1 Surface meteorological and radiation data [10]
This CEOP dataset contains the surface meteorological and radiation parameters reported by each CSE/Reference Site/Station Identifier combination at each Date/Time. The surface meteorological and radiation dataset format contains 8 metadata parameters, 38 data parameters and flags. The metadata parameters describe the station location and time at which the data were collected. The flag values are assigned by the reference site, according to the CEOP specified data flags. The following is a sample record of the surface meteorological and radiation data. Table 5 details the space separated data parameters and associated flags in each record.

2001/07/01  01:00  2001/07/01  01:00  LBA  Pantanal  Pantanal  -19.56339  -57.01494  -999.99  1003.30  U  25.62  U 16.54  U  57.22  U  11.75  U  2.98  U  38.82  U  -1.87  U  -2.32  U  0.00  U  -999.99  M  -2.40  U  -1.26  U  -999.99  M  -999.99  M  -27.10  U  -999.99  M  -0.52  U  -3.22  U

Table 5. Format description of surface meteorological and radiation data

	Parameter
	C format
	Missing value
	Final units/equations/notes

	UTC Nominal Date/Time 
	16 chars
	N/A
	yyyy/mm/dd HH:MM, where MM is 00 or 30, only

	UTC Actual Date/Time 
	16 chars
	N/A
	yyyy/mm/dd HH:MM

	CSE Identifier 
	10 chars 
	N/A 
	Fill name with underscores, not spaces.

	Reference Site Identifier 
	15 chars 
	N/A 
	Fill name with underscores, not spaces.

	Station Identifier 
	15 chars 
	N/A 
	Fill name with underscores, not spaces.

	Latitude 
	f10.5
	-99.99999
	decimal degrees. South is negative. 

	Longitude 
	f11.5
	-999.99999
	decimal degrees. West is negative.

	Elevation 
	f7.2
	-999.99
	meters 

	Station Pressure 
	f7.2
	-999.99
	hPa (mb). 

	Station Pressure Flag 
	1 char 
	M 
	See Flag values.

	Air Temperature 
	f7.2 
	-999.99
	Celsius. 

	Air Temperature Flag 
	1 char 
	M 
	See Flag values.

	Dew Point Temperature
	f7.2
	-999.99
	Celsius. See Equations 

	Dew Point Temperature Flag 
	1 char 
	M 
	See Flag values.

	Relative Humidity 
	f7.2 
	-999.99
	percent. See Equations

	Relative Humidity Flag 
	1 char 
	M 
	See Flag values.

	Specific Humidity 
	f7.2 
	-999.99
	g/kg. See Equations 

	Specific Humidity Flag 
	1 char 
	M 
	See Flag values.

	Wind Speed 
	f7.2 
	-999.99
	m/s. See Equations 

	Wind Speed Flag 
	1 char 
	M 
	See Flag values.

	Wind Direction 
	f7.2 
	-999.99
	degrees. See Equations 

	Wind Direction Flag 
	1 char 
	M 
	See Flag values.

	U Wind Component
	f7.2 
	-999.99
	m/s. See Equations 

	U Wind Component Flag 
	1 char 
	M 
	See Flag values. 

	V Wind Component 
	f7.2 
	-999.99
	m/s. See Equations 

	V Wind Component Flag 
	1 char 
	M 
	See Flag values. 

	Precipitation 
	f7.2 
	-999.99
	millimeters. Incremental precipitation over the previous 30 minutes. 

	Precipitation Flag 
	1 char 
	M 
	See Flag values. 

	Snow Depth 
	f7.2 
	-999.99
	centimeters. 

	Snow Depth Flag 
	1 char 
	M 
	See Flag values. 

	Incoming Shortwave 
	f8.2 
	-999.99
	W/m2. 

	Incoming Shortwave Flag 
	1 char 
	M 
	See Flag values. 

	Outgoing Shortwave 
	f8.2 
	-999.99
	W/m2 

	Outgoing Shortwave Flag 
	1 char 
	M 
	See Flag values. 

	Incoming Longwave 
	f8.2 
	-999.99
	W/m2. 

	Incoming Longwave Flag 
	1 char 
	M 
	See Flag values. 

	Outgoing Longwave 
	f8.2
	-999.99
	W/m2. 

	Outgoing Longwave Flag 
	1 char 
	M 
	See Flag values. 

	Net Radiation 
	f8.2 
	-999.99
	W/m2. See Equations 

	Net Radiation Flag 
	1 char 
	M 
	See Flag values. 

	Skin Temperature 
	f8.2 
	-999.99
	Celsius. 

	Skin Temperature Flag 
	1 char 
	M 
	See Flag values. 

	Incoming PAR 
	f8.2 
	-999.99
	µmol/m2/s. 

	Incoming PAR Flag 
	1 char 
	M 
	See Flag values. 

	Outgoing PAR 
	f8.2 
	-999.99
	µmol/m2/s. 

	Outgoing PAR Flag 
	1 char 
	M 
	See Flag values. 


4.1.2 Flux data [11]
This CEOP dataset contains the flux parameters reported by each CSE/Reference Site/Station Identifier combination for each depth at each Date/Time. The flux dataset format contains 9 metadata parameters, 8 data parameters and flags. The metadata parameters describe the station location and time at which the data were collected. The flag values are assigned by the reference site, according to the CEOP specified data flags. The following is a sample record of the flux data. Table 6 details the space separated data parameters and associated flags in each record.

2001/07/01  01:00  2001/07/01  01:00  LBA  Pantanal  Pantanal  -19.56339  -57.01494  -999.99  0.00  -83.42  U  -999.99  M  -999.99  M  -999.99  M  2001/07/01  01:00  2001/07/01  01:00  LBA  Pantanal  Pantanal  -19.56339  -57.01494  -999.99  -0.02  -999.99  M  -999.99  M  -999.99  M  -9.59  U

Table 6. Format description of flux data

	Parameter
	C format
	Missing value
	Final units/equations/notes

	UTC Nominal Date/Time 
	16 chars
	N/A
	yyyy/mm/dd HH:MM, where MM is 00 or 30, only

	UTC Actual Date/Time 
	16 chars
	N/A
	yyyy/mm/dd HH:MM

	CSE Identifier 
	10 chars 
	N/A 
	Fill name with underscores, not spaces.

	Reference Site Identifier 
	15 chars 
	N/A 
	Fill name with underscores, not spaces.

	Station Identifier 
	15 chars 
	N/A 
	Fill name with underscores, not spaces.

	Latitude 
	f10.5
	-99.99999
	decimal degrees. South is negative. 

	Longitude 
	f11.5
	-999.99999
	decimal degrees. West is negative. 

	Elevation 
	f7.2
	-999.99
	meters 

	Sensor Height 
	f7.2
	-999.99 
	meters; Height of sensor. Positive above ground level. Negative below ground.

	Sensible Heat Flux 
	f8.2
	-999.99
	W/m2 

	Sensible Heat Flux Flag 
	1 char 
	M 
	See Flag values. 

	Latent Heat Flux 
	f8.2
	-999.99
	W/m2 

	Latent Heat Flux Flag 
	1 char 
	M 
	See Flag values. 

	CO2 Flux 
	f8.2 
	-999.99
	µmol/m2/s

	CO2 Flux Flag 
	1 char 
	M 
	See Flag values. 

	Soil Heat Flux 
	f8.2 
	-999.99 
	W/m2; 

	Soil Heat Flux Flag 
	1 char 
	M 
	See Flag values. 


4.1.3 Soil temperature and soil moisture data [12]
This CEOP dataset contains the soil temperature and soil moisture parameters reported by each CSE/Reference Site/Station Identifier combination for each depth at each Date/Time. The CEOP soil temperature and soil moisture dataset format contains 9 metadata parameters, 4 data parameters and flags. The metadata parameters describe the station location and time at which the data were collected. The flag values are assigned by the reference site, according to the CEOP specified data flags. The following are sample records of the soil temperature and soil moisture data. Table 7 details the space separated data parameters and associated flags in each record.

2001/07/01  00:00  2001/07/01  00:00  CAMP  Mongolia  107  45.73983  106.65153  1342.00  -0.03  17.76  U  5.20  U 2001/07/01  00:00  2001/07/01  00:00  CAMP  Mongolia  107  45.73983  106.65153  1342.00  -0.10  16.30  U  6.46  U

Table 7. Format description of soil temperature and soil moisture data

	Parameter
	C format
	Missing value
	Final units/equations/notes

	UTC Nominal Date/Time 
	16 chars
	N/A
	yyyy/mm/dd HH:MM, where MM is 00 or 30, only

	UTC Actual Date/Time 
	16 chars
	N/A
	yyyy/mm/dd HH:MM

	CSE Identifier 
	10 chars 
	N/A 
	Fill name with underscores, not spaces.

	Reference Site Identifier 
	15 chars 
	N/A 
	Fill name with underscores, not spaces.

	Station Identifier 
	15 chars 
	N/A 
	Fill name with underscores, not spaces.

	Latitude 
	f10.5
	-99.99999
	decimal degrees. South is negative. 

	Longitude 
	f11.5
	-999.99999
	decimal degrees. West is negative. 

	Elevation 
	f7.2
	-999.99
	meters 

	Sensor Height 
	f7.2
	-999.99 
	meters; Height of sensor. Positive above ground level. Negative below ground.

	Soil Temperature 
	f8.2 
	-999.99
	Celsius 

	Soil Temperature Flag 
	1 char 
	M 
	See Flag values. 

	Soil Moisture
	f8.2 
	-999.99
	percent. Volumetric water content. 

	Soil Moisture Flag 
	1 char 
	M 
	See Flag values. 


4.1.4 Meteorological tower data [13]
This CEOP meteorological tower dataset contains the meteorological tower parameters reported by each CSE/Reference Site/Station Identifier combination for each height at each date/time. The CEOP meteorological tower dataset format contains 9 metadata parameters, 18 data parameters and flags. The metadata parameters describe the station location and time at which the data were collected. The flag values are assigned by the Reference Site, according to the CEOP-specified data flags. The following is a sample record of the meteorological tower data. The Table 8 details the space separated data parameters and associated flags in each record. 

2001/07/01  01:00  2001/07/01  01:00  LBA  Pantanal  Pantanal  -19.56339  -57.01494  -999.99  0.00  1003.30  U  25.62  U  16.54  U  57.22  U  11.75  U  2.98  U  38.82  U  -1.87  U  -2.32  U

Table 8. Format description of meteorological tower data

	Parameter
	C format
	Missing value
	Final units/equations/notes

	UTC Nominal Date/Time 
	16 chars
	N/A
	yyyy/mm/dd HH:MM, where MM is 00 or 30, only

	UTC Actual Date/Time 
	16 chars
	N/A
	yyyy/mm/dd HH:MM

	CSE Identifier 
	10 chars 
	N/A 
	Fill name with underscores, not spaces.

	Reference Site Identifier 
	15 chars 
	N/A 
	Fill name with underscores, not spaces.

	Station Identifier 
	15 chars 
	N/A 
	Fill name with underscores, not spaces.

	Latitude 
	f10.5
	-99.99999
	decimal degrees. South is negative. 

	Longitude 
	f11.5
	-999.99999
	decimal degrees. West is negative. 

	Elevation 
	f7.2
	-999.99
	meters 

	Sensor Height 
	f7.2
	-999.99 
	meters; Height of sensor. Positive above ground level. Negative below ground.

	Station Pressure 
	f7.2
	-999.99
	hPa (mb). This is the pressure at the reported sensor height 

	Station Pressure Flag 
	1 char 
	M 
	See Flag values. 

	Air Temperature 
	f7.2 
	-999.99
	Celsius 

	Air Temperature Flag 
	1 char 
	M 
	See Flag values. 

	Dew Point Temperature
	f7.2
	-999.99
	Celsius. Equations. 

	Dew Point Temperature Flag 
	1 char 
	M 
	See Flag values. 

	Relative Humidity 
	f7.2 
	-999.99
	Percent. Equations. 

	Relative Humidity Flag 
	1 char 
	M 
	See Flag values. 

	Specific Humidity 
	f7.2 
	-999.99
	g/kg; Note g/kg = (kg/kg)*1000.0. Equations. 

	Specific Humidity Flag 
	1 char 
	M 
	See Flag values. 

	Wind Speed 
	f7.2 
	-999.99
	m/s. Equations.

	Wind Speed Flag 
	1 char 
	M 
	See Flag values. 

	Wind Direction 
	f7.2 
	-999.99
	degrees. Equations. 

	Wind Direction Flag 
	1 char 
	M 
	See Flag values. 

	U Wind Component
	f7.2 
	-999.99
	m/s. Equations. 

	U Wind Component Flag 
	1 char 
	M 
	See Flag values. 

	V Wind Component 
	f7.2 
	-999.99
	m/s. Equations. 

	V Wind Component Flag 
	1 char 
	M 
	See Flag values. 


4.2 Mapping CEOP reference site metadata and ISO 19115 metadata
According to CEOP reference site data set procedures report [14] and ISO 19115 core metadata, we define mapping between the CEOP metadata and ISO metadata as shown in Table 9. By this mapping, some items can be reflected in ISO core metadata, and some are reflected in ISO non-core metadata. To fill the gap between the existing CEOP metadata and the ISO metadata, we add some metadata in CEOP. Table 10 shows the results of additional items required for the CEOP reference site metadata. These additional items will be helpful for use to decide the availability of data sets.
Table 9. Mapping CEOP reference site metadata and ISO 19115 metadata

	CEOP content
	Item
	ISO package
	Class
	Attribute
	Description

	Contact(s)
	Name(s) of reference site Contact(s)
	Citation and responsible party information
	CI_ResponsibleParty
	organisationName
	Name of the responsible organization

	
	Complete mailing address, telephone/facsimile Nos.
	Citation and responsible party information
	CI_Contact
	address
	Physical and email address at which the organization or individual may be contacted.

	
	
	
	
	phone
	Telephone numbers at which the organization or individual may be contacted.

	
	E-mail address and WWW address (if applicable)
	Citation and responsible party information
	CI_Contact
	onlineResource
	On-line information that can be used to contact the individual or organization.

	
	Similar contact information for data questions (if different than above)
	Citation and responsible party information
	CI_Contact
	contactInstructions
	Supplemental instructions on how or when to contact the individual or organization

	Data set overview
	Introduction or abstract
	Identification Information
	MD_Identification
	abstract
	Brief narrative summary of the content of the resource(s)

	
	Time period covered by the data
	Identification information
	MD_Usage
	useageDateTime
	Date and time of the first  use or range of uses of the resource and/or resource series

	
	Physical location (including lat/lon/elev) of the measurement or platform, landscape, and soil characteristics
	Identification
	MD_DataIdentification
	geographicBox


	Minimum bounding rectangle within which data is available

	
	
	
	
	geographicDescription
	Description of the geographic area within which data is available

	
	
	
	
	environmentDescription
	Description of the dataset  in the producer’s processing environment, including items such as the software, the computer operating system, file name, and the dataset size

	
	Data source if applicable (e.g. for operational data include agency)
	Lineage information
	LI_Lineage
	source
	Identification information

	
	
	
	LI_Source
	description
	Information about the source data used in creating the data specified by the scope

	
	
	
	
	sourceCitation
	Recommended reference to be used for the source data

	
	
	
	
	sourceExtent
	Information about the spatial, vertical and temporal extent of the source data

	
	Any World Wide Web address references (i.e. additional documentation such as project WWW site)
	Metadata extent information
	MD_MetadataExtensionInformation
	extensionOnLineResource
	Information about on-line sources containing the community profile name and the extended metadata elements.  Information for all new metadata elements

	Instrumentation description
	Description of instrumentation (e.g. make, model, height, and relationship to the canopy.)

	Lineage information
	LI_ProcessStep
	description
	CharacterString
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	Figures (or links), if applicable
	Identification information
	MD_Identification
	graphicOverview
	Provides a graphic that illustrates the resource(s) (should include a legend for the graphic)

	
	Instrumentation specifications (e.g. accuracy, precision, frequency, resolution, etc.)
	Data quality information
	DQ_Element
	+NameofMeaure

+measureDescription

+results (DQ_QuantitativeResult)
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	Data collection and processing
	Description of data collection
	Lineage information
	LI_Lineage
	statement
	General explanation of the data producer’s knowledge about the lineage of a dataset

	
	Description of derived parameters and processing techniques used (e.g., sampling interval, averaging methods, etc.)
	Lineage information
	LI_ProcessStep
	description
	CharacterString

Original Def.: description of the event, including related parameters or tolerances 

	
	
	
	
	rationale
	CharacterString 
Original Def: requirement or purpose for the process step

	Quality control procedures
	Description of quality control procedures including an exact description of data flagging methodology (e.g., range limits, physically based checks, etc.)
	Data quality information
	LI_ProcessStep
	description
	CharacterString

Original Def.: description of the event, including related parameters or tolerances 

	Gap filling procedures
	Description of gap filling procedures
	Lineage information
	LI_ProcessStep
	description
	CharacterString

Original Def.: description of the event, including related parameters or tolerance

	Data remarks
	PI's assessment of the data (i.e. disclaimers, instrument problems, quality issues, etc.)
	Data quality element information
	DQ_Element
	evaluationMethodDescription


	Free text

Original def.: description of the evaluation method

	
	
	
	
	evaluationProcedure
	CI_Citation

Def: reference to the procedure information

	
	
	
	
	result
	DQ_Result

Def: value (or set of values) obtained from applying a data quality measure or the out come of evaluating the obtained value (or set of values) against a specified acceptable conformance quality level

	
	Missing data periods
	Data quality element information
	DQ_CompletenessOmission
	
	Data absent from the dataset, as described by the scope

	
	Data intercomparisons, if applicable
	Data quality element
	LI_ProcessStep
	description
	CharacterString

Original Def.: description of the event, including related parameters or tolerance

	Reference requirements
	Specify how you require your data to be referenced
	Constraint information
	MD_Constraints
	useLimitation
	CharacterString
Original Def.: limitation affecting the fitness for use of theresource or metadata. Example, “not to be used for navigation”

	References
	List of documents cited in this data set description
	Distribution information
	MD_Medium
	name
	Name of the medium on which the resource can be received


Table 10. Additional items for CEOP reference site metadata

	ISO package
	Class
	Attribute
	Description

	Metadata entity set information
	MD_Metadata
	fileIdentifier
	Unique identifier for this metadata file

	
	MD_Metadata
	language
	Language used for documenting metadata

	
	MD_Metadata
	characterSet
	Full name of the character coding standard used for the metadata set

	
	MD_Metadata
	contact
	Party responsible for the metadata information

	
	MD_Metadata
	dateStamp
	Date that the metadata was created

	
	MD_Metadata
	metadataStandardName
	Name of the metadata standard (including profile name) used

	
	MD_Metadata
	metadataStandardVersion
	Version (profile) of the metadata standard used

	
	MD_Metadata
	referenceSystemInfo
	Description of the spatial and temporal reference systems used in the dataset

	
	MD_Metadata
	dataQualityInfo
	Provides overall assessment of quality of a resource(s)

	Identification information

Identification information
	MD_Identification
	citation
	Basic information required to uniquely identify a resource or resources

	
	MD_Identification
	pointOfContact
	Identification of, and means of communication with, person(s)  and organizations(s) associated with the resource(s)

	
	MD_Identification
	resourceFormat
	Provides a description of the format of the resource(s)

	
	MD_DataIdentification
	spatialRepresentationType
	Method used to spatially represent geographic information

	
	MD_DataIdentification
	spatialResolution
	Factor which provides a general understanding of the density of spatial data in the dataset

	
	MD_DataIdentification
	language
	Language(s) used within the dataset

	
	MD_DataIdentification
	topicCategory
	Main theme(s) of the dataset

	
	MD_DataIdentification
	extent
	Additional extent information including the bounding polygon, vertical, and temporal extent of the dataset

	
	MD_ServiceIdentification
	typeProperties
	Attributes that can be queried for this service type. Standardized in a service type registry

	Data quality information
	DQ_DataQuality
	lineage
	Non-quantitative quality information about the lineage of the data specified by the scope

	Distribution information
	MD_Distribution
	distributionFormat
	Provides a description of the format of the data to be distributed

	
	MD_Format
	name
	Name of the data transfer format(s)

	
	MD_Format
	version
	Version of the format (date, number, etc.)

	Citation and responsible party information
	CI_Citation
	title
	Name by which the cited resource is known

	
	CI_Citation
	date
	Reference date for the cited resource

	
	CI_Citation
	citedResponsibleParty
	Name and position information for an individual or organization that is responsible for the resource

	
	CI_ResponsibleParty
	contactInfo
	Address of the responsible party

	
	CI_OnLineResource
	linkage
	Location (address) for on-line access using a Uniform Resource Locator address or similar addressing scheme such as http://www.statkart.no/isotc211


5. GRIB metadata

GRidded In Binary (GRIB) is the standard format for the storage and interchange of meteorological data. A new standard for the transmission of gridded data has been developed by the World Meteorological Organization (WMO) and was declared operationally in November 2001.
5.1 WMO core metadata
Table 11 provides an overview of the WMO community core metadata profile suitable for use by decision makers and users. 

This profile provides a general definition for directory searches and exchanges that should be applicable to a wide variety of WMO datasets. It does not specify how these metadata should be archived or presented to users. It also does not specify any particular implementation and could be implemented as a database, a flat file, or any other suitable mechanism. However, XML is recommended as the standard for exchange. The comprehensive and technical details required for implementation of this standard in XML are provided in the WMO core metadata XML schema. In the XML schema, class names (such as MD_Metadata) are reserved for data types. These data type names do not appear in the XML instance. Instead, the classes are referenced by the name of an object (e.g. metadata) which is an instance of the class (MD_Metadata).
The list below defines a minimum set of information to describe data for WMO exchange and is not exhaustive [15]. Of the core elements listed, those in bold are required, with all others being optional. 

Table 11. WMO core metadata

	Generic name
	ISO field / class name and reference

lines
	Definition

	
	MD_Metadata (1)
	Root entity which defines metadata about a resource or resources

	Metadata ID
	fileIdentifier (2)
	Unique identifier for this metadata file

	Metadata language
	language (3)
	Language used for documenting metadata

	Metadata char. set
	characterSet (4)
	Character set of this metadata item (Default of ISO 10646-1)

	Metadata contact
	contact (8)
	Party responsible for the metadata information

	
	CI_ResponsibleParty (see 376 below)
	Identification of, and means of communication with, person(s) and organizations associated with the dataset

	Metadata date
	dateStamp (9)
	Date that the metadata was created

	Metadata name
	metadataStandardName (10)
	Name of the metadata standard (including profile name) used

	Metadata Version
	metadataStandardVersion (11)
	Version (profile) of the metadata standard used

	
	referenceSystemInfo (13)
	Description of the spatial and temporal reference systems used in the dataset

	Data Reference

System
	MD_ReferenceSystem (188)
	Information about the reference systems used (temporal, coordinate and geographic)

	
	rsID (189)
	Name of reference system

	
	authority (208)
	Person or party responsible for maintenance of the namespace

	
	CI_ResponsibleParty (376) (see below)
	Identification of, and means of communication with, person(s) and organizations associated with the dataset

	
	ReferenceDescription (207) 
	Description of the Reference System

	
	IdentificationInfo (15)
	Basic information about the resource(s) to which the metadata applies

	Data information
	MD_DataIdentification (see 36 below)
	Information required to identify a dataset

	
	DistributionInfo (17)
	Provides information about the distributor of and options for obtaining the resource(s)

	Data distribution Information
	MD_Distribution (see 272 below)
	Information about the distributor of and options for obtaining the resource

	
	DataQualityInfo (18)
	Provides overall assessment of quality of a resource(s)

	Data Lineage or

Quality
	LI_Lineage (see 84 below)
	Information about the data lineage or quality

	
	MD_DataIdentification (36)
	Information required to identify a dataset

	
	Citation (24)
	Citation data for the resource(s)

	Title
	title (362)
	Name by which the cited resource is known

	Reference Date
	date (362)
	Reference date for the cited resource

	
	CI_Date (see 395 below)
	Reference date and event used to describe it

	Identifier
	Identifier (367)
	Unique identifier for the resource

	
	IdentifierType (368)
	Reference form of the unique identifier (ID)

	Abstract
	abstract (25)
	Brief narrative summary of the content of the resource(s)

	Dataset Contact
	pointOfContact (29)
	Identification of, and means of communication with, person(s)  and organizations(s) associated with the resource(s)

	
	CI_ResponsibleParty (see 376 below)
	Identification of, and means of communication with, person(s) and organizations associated with the dataset

	
	resourceMaintenance (30)
	Provides information about the  frequency of resource updates, and the scope of those updates

	Update frequency
	MaintenanceAndUpdateFrequency (145)
	Frequency with which changes and additions are made to the resource after the initial resource is completed

	
	maintenanceNote (150)
	Information regarding specific requirements for maintaining the resource

	Access Rights or

Restrictions
	resourceConstraints (35)
	Provides information about constraints which apply to the resource(s)

	
	MD_Constraints (69) (see below)
	Restrictions on the access and use of a resource or metadata

	Spatial Resolution
	spatialResolution (38)
	Factor which provides a general understanding of the density of spatial data in the dataset

	
	spatialRepresentationType (37)
	Method used to spatially represent geographic information

	Language
	language (39)
	Language(s) used within the dataset

	Character set
	characterSet (40)
	Full name of the character coding standard used for the dataset

	Topic Category
	topicCategory (41)
	Main theme(s) of the datset

	Keywords
	descriptiveKeywords (33)
	Provides category keywords, their type, and reference source

	Date or period
	CI_Date (395)
	Reference date and event used to describe it

	
	date (396)
	Reference date for the cited resource

	
	DateType (397)
	Event used for reference date

	Responsible Party
	CI_ResponsibleParty (376)
	Identification of, and means of communication with, person(s) and organizations associated with the dataset

	Organisation
	organisationName (378)
	Name of the responsible organization

	Org. role
	role(381)
	Function performed by the responsible party

	Individual name
	individualName (377)
	Name of the responsible person-  surname, given name, title separated by a delimiter

	Position
	positionName (379)
	Role or position of the responsible person

	
	contactInfo (380)
	Address of the responsible party

	
	CI_Contact (389)
	Information required to enable contact with the responsible person and/or organization

	Phone number
	phone (390)
	Telephone numbers at which the organization or individual may be contacted

	
	voice (410)
	Telephone number by which individuals can speak to the responsible organization or individual

	Fax number
	Facsimile (411)
	Telephone number of a facsimile machine for the responsible organization or individual

	Address
	address (391)
	Physical and email address at which the organization or individual may be contacted

	
	deliveryPoint (383)
	Address line for the location (as described in ISO 11180, Annex A)

	
	city (384)
	City of the location

	
	postalCode (386)
	ZIP or other postal code

	
	Country (387)
	Country of the physical address

	E-mail address
	electronicMailAddress (388)
	Address of the electronic mailbox of the responsible organization or individual

	Web Site
	onLineResource (392)
	On-line information that can be used to contact the individual or organization

	
	EX_Extent (336)
	Information about spatial, vertical, and temporal extent

	
	Description (337)
	Spatial and temporal extent for the referring object

	Vertical Extent
	Ex_VerticalExtent (354)
	Extent with respect to date/time and spatial boundaries

	
	minimumValue (357)
	Lowest vertical extent contained in the dataset

	
	maximumValue (358)
	Highest vertical extent contained in the dataset

	
	unitOfMeasure (359)
	Vertical units used for vertical extent information

	
	verticalDatum (360)
	Provides information about the origin from which the maximum and minimum elevation values are measured

	Geographic Extent
	EX_GeographicExtent (341)
	Geographic area of the dataset

	Geographic name
	EX_GeographicDescription (350)
	Description of the geographic area using identifiers

	
	geographicIdentifier (351)
	Identifier used to represent a geographic area

	Bounding box
	EX_GeographicBoundingBox (345)
	Geographic position of the dataset

	
	westBoundLongitude (346)
	Western-most coordinate of the limit of the dataset extent, expressed in longitude in decimal degrees (positive east)

	
	eastBoundLongitude (347)
	Eastern-most coordinate of the limit of the dataset extent, expressed in longitude in decimal degrees (positive east)

	
	southBoundLatitude (348)
	Southern-most coordinate of the limit of the dataset extent, expressed in latitude in decimal degrees (positive north)

	
	northBoundLatitude (349)
	Northern-most, coordinate of the limit of the dataset extent expressed in latitude in decimal degrees (positive north)

	Bounding polygon
	EX_BoundingPolygon (343)
	Boundary enclosing the dataset, expressed as the closed set of (x,y) coordinates of the polygon (last point replicates first point)

	
	Polygon (342)
	Sets of points defining the bounding polygon

	Temporal Extent
	EX_TemporalExtent (352)
	Time period covered by the content of the dataset

	
	Extent (353)
	Date and time for the content of the dataset

	
	beginDateTime (new)
	Beginning date of the data in the dataset

	
	endDateTime (new)
	Ending date of data in the dataset

	
	dataFrequency (new)
	Observing frequency of the data in the dataset (code: WMO_DataFrequencyCode)

	Access Rights or

Restrictions
	MD_Constraints (69)
	Restrictions on the access and use of a resource or metadata

	
	useLimitation (70)
	Limitation affecting the fitness for use of the resource

	
	MD_LegalConstraints (71)
	Restrictions and legal prerequisites for accessing and using the resource

	
	accessConstraints (72)
	Access constraints applied to assure the protection of privacy or intellectual property, and any special restrictions or limitations on obtaining the resource

	
	useConstraints (73)
	Constraints applied to assure the protection of privacy or intellectual property, and any special restrictions or limitations or warnings on using the resource

	
	otherConstraints (74)
	Other restrictions and legal prerequisites for accessing and using the resource

	
	MD_SecurityConstraints (75)
	Handling restrictions imposed on the resource for national security or similar security concerns

	
	classification (76)
	Name of the handling restrictions on the resource

	
	userNote (77)
	Explanation of the application of the legal constraints or other restrictions and legal prerequisites for obtaining and using the resource

	
	classificationSystem (78)
	Name of the classification system

	
	handlingDescription (79)
	Additional information about the restrictions on handling the resource

	
	MD_Distribution (272)
	Information about the distributor of and options for obtaining the resource

	
	distributionFormat (273)
	Provides a description of the format of the data to be distributed

	Format name
	name (287)
	Name of the data transfer format(s)

	Format version
	version (288)
	Version of the format (date, number, etc.)

	
	TransferOptions (275)
	Provides information about technical means and media by which a resource is obtained from the distributor

	On-line source
	OnLine (279)
	Information about online sources from which the resource can be obtained

	
	linkage (399)
	Location (address) for on-line access using a Uniform Resource Locator address or similar addressing scheme such as http://www.statkart.no/isotc211

	
	WMO_Source (new)
	WMO centre identifier

	Off-line media
	Offline (280)
	Information about offline media on which the resource can be obtained

	
	name (294)
	Name of the medium on which the resource can be received

	Processing Level
	LI_Lineage (84)
	Information about the events or source data used in constructing the data specified by the scope or lack of knowledge about lineage

	
	statement (85)
	General explanation of the data producer’s knowledge about the lineage of a datase

	
	processStep (86)
	Information about an event in the creation process for the data specified by the scope

	
	source (87)
	Information about the source data used in creating the data specified by the scope

	Reference System
	MD_ReferenceSystem (188)
	Information about the reference system

	
	rsID (189)
	Name of reference system

	
	authority (208)
	Person or party responsible for maintenance of the namespace

	
	CI_ResponsibleParty (376) (see above)
	Identification of, and means of communication with, person(s) and organizations associated with the dataset

	
	code (209)
	Alphanumeric value identifying an instance in the namespace


5.2 Example of GRIB metadata
<?xml version="1.0" encoding="UTF-8"?>

<!-- XML file generated by XML Spy v4.1 U (http://www.xmlspy.com)

 Gil Ross Met Office UK-->

<metaData xmlns="http://www.wmo.ch/www/metadata" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xsi:schemaLocation="http://www.wmo.ch/www/metadata

http://www.wmo.ch/www/metadata/WMO19115_metadata_v0_1.xsd">

<metadataLanguage>en</metadataLanguage>

<metadataCharacterSet>utf8</metadataCharacterSet>

<metadataContact>

<organisationName>Met Office</organisationName>

<role>resourceProvider</role>

<positionName>Customer Call Centre</positionName>

<contactInfo>

<phone>

<voice>0845 300 0300</voice>

<voice>+44 (0)1344 855680 </voice>

<facsimile>0845 300 1300</facsimile>

<facsimile>+44 (0)1344 855681</facsimile>

</phone>

<address>

<deliveryPoint> London Road</deliveryPoint>

<city>Bracknell</city>

<administrativeArea>Berkshire</administrativeArea>

<postalCode>RG12 2SZ</postalCode>

<country>United Kingdom</country>

<electronicMailAddress>enquiries@metoffice.com

  </electronicMailAddress>

</address>

<onlineAddress> http://www.metoffice.com</onlineAddress>

</contactInfo>

</metadataContact>

<metadataDateStamp>2002-05-21</metadataDateStamp>

<metadataStandardName>WMO19115_metadata_v0_1</metadataStandardName>

<metadataStandardVersion>0.1</metadataStandardVersion>

<referenceSystemInfo>

<referenceSystemIdentifier>Plat Caree</referenceSystemIdentifier>

<referenceDescription>Global regularly spaced latitude longitude grid</referenceDescription>

</referenceSystemInfo>

<identificationInfo>

<citation>

<resourceTitle>Complete Met Office Global Model forecast composed of GRIB bulletins</resourceTitle>

<resourceIdentifier>TBA</resourceIdentifier>

</citation>

<abstract>Full set of GRIB bulletins prepared for a single Met Office Global model forecast</abstract>

<pointOfContact>

<organisationName>Met Office</organisationName>

<role>resourceProvider</role>

<positionName>Customer Call Centre</positionName>

<contactInfo>

<phone>

<voice>0845 300 0300 </voice>

<voice>+44 (0)1344 855680</voice>

<facsimile>0845 300 1300</facsimile>

<facsimile>+44 (0)1344 855681</facsimile>

</phone>

<address>

<deliveryPoint> London Road</deliveryPoint>

<city>Bracknell</city>

<administrativeArea>Berkshire</administrativeArea>

<postalCode>RG12 2SZ</postalCode>

<country>United Kingdom</country>

<electronicMailAddress>enquiries@metoffice.com</electronicMailAddress>

</address>

</contactInfo>

</pointOfContact>

<resourceMaintenance>

<maintenanceAndUpdateFrequency>12-hourly</maintenanceAndUpdateFrequency>

<maintenanceNote>disseminated at 4 hours past the reference date/time</maintenanceNote>

</resourceMaintenance>

<resourceConstraints>

<useLimitation>This is provided under aegis of WMO, or alternatively under written contract</useLimitation>

<legalConstraints>

<useConstraints>intellectualPropertyRights </useConstraints>

</legalConstraints>

</resourceConstraints>

<spatialRepresentationType>grid</spatialRepresentationType>

<topicCategory>climatologyMeteorologyAtmosphere </topicCategory>

<descriptiveKeywords>NWP Model Analysis Forecast GRIB Bulletin Pressure Height Wind Maximum Speed Direction Temperature Relative Humidity Precipitation Amount Rate Cloud Liquid Ice Tropopause </descriptiveKeywords>

<referenceDate>

<date>2002-05-01T00:00:00</date>

<dateType>referenceDate</dateType>

</referenceDate>

<dataExtent>

<description>Global Grid 2.5 degree latitude and 2.5 degree longitude steps, in 6 sectors, one sector per GRIB </description>

<geographicElement>

<geographicBoundingBox>

<westBoundLongitude>-180 </westBoundLongitude>

<eastBoundLongitude>180</eastBoundLongitude>

<southBoundLatitude>-90</southBoundLatitude>

<northBoundLatitude>90</northBoundLatitude>

</geographicBoundingBox>

</geographicElement>

</dataExtent>

<dataExtent>

<description>Validity Time Range</description>

<temporalElement>

<beginDateTime>T+00</beginDateTime>

<endDateTime>T+120</endDateTime>

<dataFrequency>6-hourly</dataFrequency>

</temporalElement>

</dataExtent>

<dataExtent>

<description>Vertical Range also includes surface measures such as rainfall accumulations</description>

<verticalElement>

<minimumValue>100</minimumValue>

<maximumValue>1000</maximumValue>

<unitOfMeasure>hectoPascals</unitOfMeasure> 

</verticalElement>

</dataExtent>

</identificationInfo>

<distributionInfo>

<distributionFormat>

<formatName>WMO GRIB FM92</formatName>

<formatVersion>version 1 GRIB</formatVersion>

</distributionFormat>

<transferOptions>

<transferSize>21</transferSize>

<onLineSource>http://www.metoffice.com</onLineSource>

<WMO_Source>WMO GTS on reference date </WMO_Source>

<offlineMedium>digitalLinearTape</offlineMedium>

</transferOptions>

</distributionInfo>

<dataQualityInfo>

<lineageStatement>This is the unmodifed output from the Met Office Global Model on the declared date</lineageStatement>

<dataProcessInfo>The NWP Output has been interpolated to the GRIB grid and compressed using GRIB methods</dataProcessInfo>

<dataSourceInfo>The output is from an internally consistent Numerical Weather Predicton model initiated from the analysis at the reference date</dataSourceInfo>

</dataQualityInfo>

</metaData>

6. MOLTS metadata

6.1 GMAO MOLTS metadata

Global Modeling and Assimilation Office (GMAO) is now providing Model Output Data for supporting CEOP [17] (http://gmao.gsfc.nasa.gov/sci_research/CEOP/README1st.php). These data are from the GEOS3 operational data assimilation system for the period 1 July, 2001 to 30 September, 2001 corresponding to the CEOP Enhanced Observing Period-1 (EOP-1).
The GMAO will provide operational analyses for CEOP. The data for the first CEOP EOP-1 are available as are the Model Output Time Series (MOLTS) for the CEOP reference sites as follows. 
• Temporal Coverage

Start Date: 2001-07-01
Stop Date: 2004-09-30

• Geographic Coverage

Southernmost Latitude: 90.0S
Westernmost Longitude: 180.0W
Northernmost Latitude: 90.0N
Easternmost Longitude: 180.0E

• Location Keywords

GLOBAL 

• Data Resolution

Latitude Resolution: 1 degree
Longitude Resolution: 1 degree
• Parameters

HYDROSPHERE > SNOW/ICE > SNOW DEPTH
CRYOSPHERE > SEA ICE > SNOW DEPTH
BIOSPHERE > VEGETATION > VEGETATION INDEX > GREENNESS INDEX
BIOSPHERE > VEGETATION > LEAF CHARACTERISTICS > LEAF AREA INDEX
BIOSPHERE > VEGETATION > PHOTOSYNTHETICALLY ACTIVE RADIATION > PAR
ATMOSPHERE > ATMOSPHERIC RADIATION > OUTGOING LONGWAVE RADIATION
ATMOSPHERE > ATMOSPHERIC RADIATION > LONGWAVE RADIATION
ATMOSPHERE > PRECIPITATION > SNOW > SNOWFALL
ATMOSPHERE > PRECIPITATION > RAIN
ATMOSPHERE > PRECIPITATION > PRECIPITATION AMOUNT
ATMOSPHERE > ATMOSPHERIC PRESSURE > SURFACE PRESSURE
ATMOSPHERE > ATMOSPHERIC PRESSURE > PRESSURE TENDENCY
LAND SURFACE > TOPOGRAPHY > SURFACE ROUGHNESS
ATMOSPHERE > ATMOSPHERIC WINDS > WIND STRESS
ATMOSPHERE > ATMOSPHERIC WATER VAPOR > PRECIPITABLE WATER
ATMOSPHERE > ATMOSPHERIC WINDS > SURFACE WINDS
ATMOSPHERE > ATMOSPHERIC RADIATION > ATMOSPHERIC HEATING
ATMOSPHERE > ATMOSPHERIC RADIATION > ALBEDO
ATMOSPHERE > ATMOSPHERIC WATER VAPOR > WATER VAPOR
ATMOSPHERE > ATMOSPHERIC WATER VAPOR > HUMIDITY > SPECIFIC HUMIDITY
LAND SURFACE > LAND TEMPERATURE > LAND SURFACE TEMPERATURE
ATMOSPHERE > ATMOSPHERIC TEMPERATURE > SURFACE AIR TEMPERATURE
ATMOSPHERE > ATMOSPHERIC TEMPERATURE > AIR TEMPERATURE
ATMOSPHERE > ATMOSPHERIC WATER VAPOR > EVAPORATION
ATMOSPHERE > CLOUDS > CLOUD TOP TEMPERATURE
ATMOSPHERE > CLOUDS > CLOUD TOP PRESSURE
ATMOSPHERE > CLOUDS > CLOUD OPTICAL DEPTH/THICKNESS
ATMOSPHERE > CLOUDS > CLOUD AMOUNT/FREQUENCY
ATMOSPHERE > ATMOSPHERIC RADIATION > SHORTWAVE RADIATION
ATMOSPHERE > ATMOSPHERIC RADIATION > INCOMING SOLAR RADIATION
• ISO Topic Category
CLIMATOLOGY/METEOROLOGY/ATMOSPHERE
BIOTA
OCEANS
INLAND WATERS
GEOSCIENTIFIC INFORMATION
ELEVATION
• Platform
GCM > General Circulation Model
MODELS
• Project


CEOP > Coordinated Enhanced Observing Period
GEWEX > 

 HYPERLINK "http://gcmd.nasa.gov/servlets/md/frame_page_titles.py?portal=gcmd&currentTab=&currentItem=&query=%5BProject%3AShort_Name%3D%27GEWEX%27%2CLong_Name%3D%27Global+Energy+and+Water+Cycle+Experiment%27%5D" \t "_parent" Global Energy and Water Cycle Experiment
• Entry ID
CEOP_DAO

• Keywords

CEOP > Coordinated Enhanced Observing Period
GEWEX > Global Energy and Water Cycle Experiment
• Dataset Progress
IN WORK

• Originating Center

NASA/DAO
• Data Center
Data Center Name: NASA/GSFC/GMAO > Global Modeling and Assimilation, Goddard Space Flight Center, NASA 
Data Center URL: http://gmao.gsfc.nasa.gov/
• Personnel
Name: MICHELE, DR. RIENECKER
Email: mrienecker@gmao.gsfc.nasa.gov
Contact Address: 
Head, Global Modeling and Assimilation Office
NASA Goddard Space Flight Center, Code 900.3 
City: Greenbelt
Province or State: MD
Postal Code: 20771
• Distribution

Distribution Media: ftp
Fees: none

• Related URL

Content Type: RELATED DATA SET DESCRIPTION
URL: http://gmao.gsfc.nasa.gov/sci_research/CEOP/index.php 
Description: Access to additional documentation 

• Reference

Chou, M. D., 1984: Broadband water vapor transmission functions for atmospheric IR flux computations. J. Atmos. Sci., 41, 1775-1778. etc.

• Metadata Name and Version

Metadata Name: CEOS IDN DIF
Metadata Version: VERSION 9.0

• Creation and Review Dates

DIF Creation Date: 2003-05-27
6.2 MOLTS metadata

On the basis of above GMAO MOLTS metadata, some items are required to append in the design of MOLTS metadata, including 
(1) Identifiers 

Location ID

(2) Time
Valid Date/Time

Time resolution
(3) Location of grid point


Point location of model simulation
(4) MOLTS output variables [18]

Atmosphere Variables
Vertically Integrated Atmos. Variables
Surface Variables
Subsurface Variables
Bottom of Subsurface Variables
Miscellaneous
Table 12 shows the design results of MOLTS variables to ISO mapping.
Table 12. MOLTS variables to ISO mapping
	GCMD record
	Record content/example
	ISO Class
	Attribute
	Description

	Data set citation
	Dataset Creator
	MD_Identification
	citation
	Citation data for the resource(s)

	
	Dataset Title
	MD_Identification
	abstract
	brief narrative summary of the content of the resource(s)

	
	Dataset Release Date
	
	
	

	
	Dataset Release Place
	
	
	

	
	Dataset Publisher
	MD_Identification

	pointOfContact
	identification of, and means of communication with, person(s) and organization(s) associatedwith the resource(s)

	
	Online Resource
	MD_Identification
	resourceFormat
	provides a description of the format of the resource(s)

	Temporal coverage
	Start Date

Stop Date
	EX_TemporalExtent
	extent
	Date and time for the content of the dataset

	Geographic coverage
	Southernmost Latitude
	EX_GeographicBoundingBox

	southBoundLatitude
	Southern-most coordinate of the limit of the dataset extent, expressed in latitude in decimal degrees (positive north)

	
	Westernmost Longitude
	EX_GeographicBoundingBox

	westBoundLongitude
	Western-most coordinate of the limit of the dataset extent, expressed in longitude in decimal degrees (positive east)

	
	Northernmost Latitude
	EX_GeographicBoundingBox

	northBoundLatitude
	Northern-most, coordinate of the limit of the dataset extent expressed in latitude in decimal degrees (positive north)

	
	Easternmost Longitude
	EX_GeographicBoundingBox

	eastBoundLongitude
	Eastern-most coordinate of the limit of the dataset extent, expressed in longitude in decimal degrees (positive east)

	Location keywords
	GLOBAL
	EX_GeographicDescription
	geographicIdentifier
	Identifier used to represent a geographic area

	Data resolution
	Latitude Resolution
Longitude Resolution
	MD_DataIdentification

	spatialResolution
	Factor which provides a general understanding of the density of spatial data in the dataset

	Parameters
	HYDROSPHERE > SNOW/ICE > SNOW DEPTH

CRYOSPHERE > SEA ICE > SNOW DEPTH
	MD_DataIdentification
	topicCategory
	Main theme(s) of the dataset


	ISO topic category
	CLIMATOLOGY / METEOROLOGY / ATMOSPHERE

BIOTA

OCEANS

INLAND WATERS

GEOSCIENTIFIC INFORMATION

ELEVATION
	MD_TopicCategoryCode <<Enumeration>>
	ClimatologyMeteorology Atmosphere, inlandWaters, oceans etc.
	High-level geographic data themathic classification to assist in the grouping and search of available geographic data sets. Can be used to group keywords as well. Listed examples are not exhaustive.

	Platform
	GCM > General Circulation Model

MODELS
	MD_CoverageDescription
	attributeDescription

	Description of the attribute described by the measurement value

	Project
	CEOP > Coordinated Enhanced Observing Period

GEWEX > Global Energy and Water Cycle Experiment
	LI_Lineage
	source
	Information about the source data used in creating the data specified by the scope

	Entry ID
	CEOP_DAO
	MD_Identifier
	authority
	Person or party responsible for maintenance of the namespace

	Keywords
	MOLTS

Model Output Location Time Series

Goddard Earth Observing System GEOS-3

CEOP

model data output

TEMS

GTOS

G3OS
	MD_Keywords

	keyword
	Commonly used word(s) or formalised word(s) or phrase(s) used to describe the subject

	Dataset progress
	IN WORK
	MD_DataIdentification
	supplementalInformation
	Any other descriptive information about the dataset

	Originating center
	NASA/DAO
	MD_Distributor
	distributorContact
	party from whom the resource may be

obtained. This list need not be exhaustive

	Data center
	Data Center Name

	MD_Distribution
	distributor
	provides information about the distributor

	
	Data Center URL
	MD_DigitalTransferOptions
	onLine
	information about online sources from which the resource can be obtained

	Distribution
	Distribution Media


	MD_Medium
	name
	Name of the medium on which the resource can be received

	
	Fees
	MD_StandardOrderProcess
	fees
	Fees and terms for retrieving the resource. Include monetary units

	Personnel
	Name
	CI_ResponsibleParty
	individualName
	Name of the responsible person- surname, given name, title separated by a delimiter

	
	Role
	CI_ResponsibleParty
	role
	Function performed by the responsible party

	
	Email
	CI_Address
	electronicMailAddress
	Address of the electronic mailbox of the responsible organization or individual

	
	Contact Address 
	CI_Address
	address

	Physical and email address at which the organization or individual may be contacted

	
	City
	CI_Address
	city
	City of the location

	
	Province or State
	CI_Address
	administrativeArea
	State, province of the location

	
	Postal Code
	CI_Address
	postalCode
	ZIP or other postal code

	
	Country
	CI_Address
	country
	Country of the physical address

	Related URL
	Content Type
	CI_OnlineResource
	name
	Name of the online resource

	
	URL 
	CI_OnlineResource
	linkage
	Location (address) for on-line access using a Uniform Resource Locator address or similar addressing scheme such as http://www.statkart.no/isotc211

	
	Description: Access to additional documentation
	CI_OnlineResource
	description
	Detailed text description of what the online resource is/does

	Reference
	Chou, M. D., 1984: Broadband water vapor transmission functions for atmospheric IR flux computations. J. Atmos. Sci., 41, 1775-1778
	MD_FeatureCatalogueDescription
	featureCatalogueCitation
	Complete bibliographic reference to one or more external feature catalogues

	Metadata name and version
	Metadata Name 
	MD_Metadata
	metadataStandardVersion
	Name of the metadata standard (including profile name) used

	
	Metadata Version
	MD_Metadata
	metadataStandardVersion
	Version (profile) of the metadata standard used

	Creation and review dates
	DIF Creation Date
	CI_Citation

	editionDate
	Date of the edition

	Identifiers
(new)
	Location ID 
	EX_GeographicDescription
	geographicIdentifier
	Identifier used to represent a geographic area

	Time

(new)
	Valid Date/Time
	EX_TemporalExtent
	extent
	Date and time for the content of the dataset

	
	Time resolution
	
	
	Note: need to add

	Location of grid point 

(new)
	Point location of model simulation
	Ex_BoundingPolygon
	Polygon[1..x]: GM_Object
	Center point of a grid originally used for model simulation

	MOLTS variables
(new)
	Atmosphere Variables,
Vertically Integrated Atmos. Variables,
Surface Variables,
Subsurface Variables,
Bottom of Subsurface Variables,
Miscellaneous
	MD_CoverageDescription
	attributeDescription
	Description of the attribute described by the measurement value

	
	
	MD_CoverageDescription
	contentType
	Type of information represented by the cell value
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