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SMAP Mission Overview @

Primary Science Objectives

* Global, high-resolution mapping of soil moisture and its
| freeze/thaw state to
— Link terrestrial water, energy, and carbon-cycle processes
— Estimate global water and energy fluxes at the land surface
— Quantify net carbon flux in boreal landscapes
— Extend weather and climate forecast skill
— Develop improved flood and drought prediction capability

Mission Implementation

ENGCTCE » JPL (project & payload management, science, spacecraft, radar,
mission operations, science processing)
+ GSFC (science, radiometer, science processing)

* 7120-81 Category 2; 8705.4 Payload Risk Class C
1[0+ Oct. 2014 on Delta Il system

Orbit * Polar Sun-synchronous; 685 km altitude

DIVEL] I * 3 years

EVIGEGEE « |-band SAR (JPL)
* L-band radiometer (GSFC)
* Shared 6-m rotating (13 to 14.6 rpm) antenna (JPL)

NRC Earth Science Decadal Survey (2007)

L—.'

http //smap jp, nasa. gov'/ - recommended SMAP as a tier-one mission
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\

9 Why SMAP and ISO
&
« SMARP is the first in a series of Decadal Survey Missions
« Level 1 Requirement for ISO metadata.

 Rationale for use of ISO
— A common international metadata model
— A common representation of the metadata

— All NASA Earth Science data services would use the same standard
» Data producers — missions
» Data archives and distribution centers — DAACs
» Clearing houses — ECHO

 End users
— For tool development and use

2012-11-28 BW/HH-2
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" ISO Basic Concepts

« Series metadata
— Applies to a large set of data products
— Analogous to “collection metadata”.

« Dataset metadata

— Applies to the metadata that describe a single instance of a data product

— Analogous to “granule metadata”

— For SMAP: dataset metadata describes the entire file content

— Metadata that describe individual elements appear in associated HDF5 attributes

Local Metadata — SMAP uses CF names to define these metadata elements.
« Codelists — Enumerated list with acceptable values defined in a schema

* Profile: Community agreement to make particular elements mandatory, or have more
succinct definitions

« Extension: Explicit modifications to the model to add new elements or subclasses

« Class names begin with two characters followed by an underscore
— CI_Citation, EX Extent, LE_Source

2012-11-28 BW/HH-3
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L ISO Geographic Standards

« |S0O standards decouple the model from the encoding method

 Abstract Models

— 1SO 19115:2003
» Original model - Used extensively in the SMAP model

— 1SO 19115-2:2009
« Extensions for imagery and gridded data — Used extensively in the SMAP model

— 1SO 19115-1 Part 1: Fundamentals
» Additional extensions - under review for adoption in 2013

— 1S0O 19130:2010

* Imagery sensor models for geopositioning — extracted one class as an extension
— 1SO 19157 Geographic information — Data quality

» Under review for adoption in 2014

* Encoding rules to derive an XML schema for the ISO UML models
— 1S0 19118:2005, Geographic information — Encoding

« XSD Schema encoding
— 1SO 19139:2007 Geographic information — Metadata — XML schema implementation

2012-11-28 BW/HH-4
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{ ISO Model - UML

¥

i’;ass MI_Metadata_Dataset /
«CadaLists - pendmerallony «Codelists
MD_ProgressCode 05 _Series MO _Topic CategoryCode rDO_%: Cod
This design is specific to the SMAF dataset metadata. Rk
+ completed * Thus, MI_Metadata.hierarchylevel = "datazet’. Attributes + attrbute
+  higtoricalArchive Metadata classes that have differing sets of attributes + farming + attribute Type
+ obsolt.ate +oomposedOf 1.7 amaong the datazets within a zeries appearin the SMAP + biota + collectionHardware
+ onGoing dataset metadata. + boundaries + collectionSession
+ planped DS_Dataset + climatologyhdetearologyitmosphere + dataset
+  required +  economy + series
+ underlevelopment ; + elevation + nonGeagraphichataset
DQ_DataGuslit ; i ; ik
i L MD_GridSpatial Reprasentstion +  environment +  dimensionGroup
+dataltualitylnfo A Z + intificinf ti
The SMAF project 1 +spatialRepresentationinfa | 1 L U L L A +  feature
=R + health + featureType
addition of the *hasyl + imageryBasetapsEathCower + propertyType
: + intelligencebdilitany + fieldSession
foll?wmg Seven MI_Metad=ts + inlandilater + szofhware
attibitestohlass N o + location +  zernice
MD_Pragress code: + fileldentifier :char + oceans + il
beta + language :char= eng; USA kL T e e i ! ed |
provisional + characterSet :char= utid 2 B d mode
validated - stage 1 + hierachylLevel MD_ScopeCode z Z:-EI;?;E
validated - stage 2 + hierarchylewelMame :char T Qrinensrbabion CodeList
validated - stage 3 T EEEIE (Rl AP gy + utilitiistomrnuni-:ation 05_As i ?at"a ITJo Cod
validated - stage 4 + dateStamp :Date _AssociationTypeCode
+ metadataStandardMame :char= Geographicinfo... + crossReference
Definiti far th + metadataStandardWersion :char S
a;rilgll'cl:;ir:rav:is:ble + dataSetUR| :char [D.1] [~ "] Since Reference System information applies +  largerifonCitation
iine ¢ = to an entire series, the dataset metdata +  panOfseamlessDatabase
R e e model does not referance W el
earli'n-science.;’earth.-g . o MD_ReferenceSystem. Specifics about i .steleohﬂate
e +identificationinfo 1.7 anaths currently fall under the 150 19130 + isComposedOf
maturity levelss . S0_Sensorclass. I IS0 19130 is not
r40_Dataldertification uzable, we may need to construct another
+aggregationinfe |1..7 T means to provide awath specific information. e
% + purpose (char [0..1] MDO_Spatial RepresentationType
MO _Aggregate Infor mation + credit schar[0..1] —t 7 =
: o wector
F amrciatinTane Do A + statgs .MD_ProgregsCode .7 _ _ :e:?,;':t_ wdataTypen For citations that © g
initiativeType :int + spatialRepresentationType :MD_SpatialRepresentation Type [0.7] P EX_Extert reference S teTaEe
+ language :char=eng; USA i documents, f
+ characterSet :char [0.7] = utfs Citation. title lists : :tn e
+ topicCategony :MD_TopicCategonCaode [1.7] +citation the document title .enao SR
+a telataSetidentifier |1 + i i inti -ch wdataTwpen Fia i + widea
ggregatel ataSetidentifier environmentlescription :char [0..1] ol Ccitati Far citations that
+ zupplementalinfarmation :char [2..1] 1 — T [~ 1 reference files,
ndataTupes Citation.title
MO_Idertifier
i references
+ authority CI_Citation [0.1] | _ _ | This reference to MD_|dentifier specifies +graphicOvendew 0.7 gmFileHame,
+  oode char general information aboutthe dataset. Thus, y A
the code prowides the best location for the MD_BrowseGraphic BleEuchil nane;
equivalent wvalue of ShotHame in the ESDM az + fileRame-char
well as the Digital Object Identifier (DOI. I fiIeDescripiion sehar [0..1]
+ fileType :char
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; SMAP Approach to Dataset and
i Series Metadata

« Dataset metadata represented two ways
— 1SO 19139 compliant XML

» Separate file for delivery to Data Center with data product
* Included in the product for user extraction

— HDF5 group/attribute structure within each product

« Series metadata represented the same two ways
— 1SO 19139 compliant XML

« Separate file for delivery to Data Center for each new release of
any SMAP data product type

 Included in the product for user extraction
— HDF5 group/attribute structure within each product

2012-11-28 BW/HH-6
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Group/Attribute Metadata Structure

* Products that employ the Earth Science Data Model (ESDM) place the product
level metadata in a single HDF5 Metadata group

«  SMAP adopted multiple sub-groups under the HDF5 Metadata group

« The HDF group/attribute structure provides a representation layer that is more
user friendly

Groups represent major ISO classes
Attributes in the groups map to attributes in the ISO classes

In some instances, the design employs modified names of HDF5 groups or attributes
to ease user comprehension of the model.

Group/attribute structure also reduces deeply nested layers within the HDF5
representation.

Design enables full conversion to compliant ISO 19139

* Product contains a large number of LI_Lineage/LE_Source classes. HDF5
group names reflect the product described in the group. Group names include:

— Attitude, Ephemeris, Antenna Pointing, SCLK
 Renamed MI_Identifier used to specify DOI as identifier _product _doi.

2012-11-28
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\i- SMAP Rationale

* Both the ISO 19139 XML and the HDF
group/attribute structure ultimately reflect the ISO
model

— Exclusive use of the ISO 19139 XML serialization requires the
development of tools that enable science users to find the
metadata they seek

« Concern is use of metadata for research reference and algorithms

» Use of data search applications is not as serious

» Tools do not yet exist — mission can not rely on future availability of tools
in time for SMAP launch

— Finding metadata requires knowledge of
* The ISO standard

* The locations in the ISO standard where NASA stores particular
data entries

2012-11-28 BW/HH-8
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\ Devising the ISO Model

« Design overall model based on ISO standard
— UML diagrams that describe each of the major classes

 List the required metadata elements for each of SMAP’s 15
data products

» (Generate spreadsheets that map metadata elements to ISO
equivalents or near equivalents

* Model correspondence to ESDM is not one-to-one

— Some instances require different thinking to provide necessary
information
— Example:
« ESDM provides fields that specify beginning and ending of gaps

» |SO provides class which specifies begin and end times
— Can employ more than one instance of the class in a single file

2012-11-28 © California Institute of Technology. Government Sponsorship Acknowledged BW/HH-9
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| SMAP Implementation of EX_Extent Class

clmss SMAF EX_Extert /

"0" implies a geographic exclusion box
"" implies 3 geographic inclusion box

The meaning of extentTypeCode is as follows:

+geographicElement o=

wdbstracts

E¥_GeographicExternt

+ extentTypeCode :boolean

+temporalElement |1

wdataTypexn
E¥_E:xtert

+ deszcription :char [0..1]

EX_Temporal Extent

+  extent (Th_Frimitive

The HRE

+vericalElement

ShAP Level 4 data products include
zome elements that are specified by soil
horizon. The EX_WericalExtent enables
ShAP metadata to describe =ail horizon
depths.

0.1

EX_“ertical Extert

+ minimum%alue :float
+ maximumfalue float

[

S5T design divides Thi_Frimitive into

twio attributes named "gml:beginPosition" and
"gml:endPosition". Hawe not located
documentation in the standards that zpecify this
approach. Seeking other means to represent these

+vericalCRS |1

SC_CRS

+ =zcope :char[1.7]
elemeants. + alias :char[0..7]
+ remarnks char[0..1]
+ name :RS5_|dentifier
EX_GeographicBoundingBox T
EX_E dingFPal !
+ westBoundLonomide e o D S - The IS0 19107 standard describes |
+ eastBoundLongitude :Decimal +  polygon (GM_FPalvgan M_Palygen, along with GM_Foint,
+ southBaundlatitude :Decimal GM_Curve and Gh_Surface. Ted CRE iz"Coordinate
+ nonthBoundLatitude :Decimal Habermann advises uze of gml: Reference System'.
specifications elucidated in 150 19138,
2012-11-28
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\

! EX_Extent Class in ISO 19139

<*d:extent>
<gco:CharacterString>The SMAP spacecraft downlinks SAR data that were acquired under following data conditions: 1) While acquiring forward looking and
aft looking data over all land surfaces except Antarctica when the satellite is viewing the Earth at approximately 6 AM local time, 2) While acquiring forward looking data over all
land surfaces North of 45 degrees North latitude when the satellite is viewing the Earth at approximately 6 PM local time, and 3) While acquiring forward looking data over
coastal ocean regions when the satellite is viewing the Earth at approximately 6 AM local time. Coastal ocean regions are defined as ocean areas within 1000 km of
land.</gco:CharacterString>
</gmd:description>
<gmd:geographicElement>
<gmd:EX_GeographicBoundingBox id="swathBoundingBox">
<gmd:extentTypeCode>
<gco:Boolean>1</gco:Boolean>
</gmd:extentTypeCode>
<gmd:westBoundLongitude>
<gco:Decimal>0.4685729</gco:Decimal>
</gmd:westBoundLongitude>
<gmd:eastBoundLongitude>
<gco:Decimal>0.4689502</gco:Decimal>
</gmd:eastBoundLongitude>
<gmd:southBoundLatitude>
<gco:Decimal>0.3194116</gco:Decimal>
</gmd:southBoundLatitude>
<gmd:northBoundLatitude>
<gco:Decimal>0.3197749</gco:Decimal>
</gmd:northBoundLatitude>
</gmd:EX_GeographicBoundingBox>
</gmd:geographicElement>
<gmd:temporalElement>
<gmd:EX_TemporalExtent>
<gmd:extent>
<gml:TimePeriod gml:id="swathTemporalExtent">
<gml:beginPosition>2015-05-30T16:01:00.000Z</gml:beginPosition>
<gml:endPosition>2015-05-30T 16:01:06.003Z</gml:endPosition>
</gml:TimePeriod>
</gmd:extent>
</gmd:EX_TemporalExtent>
</gmd:temporalElement>
</gmd:EX_Extent>

<gmd:EX_Extent>

</gmd:extent>
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\ EX Extent Class Equivalent

o in Group/Attribute Structure

Metadata structure within the HDF5 Product

/Metadata

/Datasetldentification

/DataQuality

/Extent
/westBoundLongitude
/eastBoundLongitude
/northBoundLatitiude
/southBoundLatitude
/rangeBeginDateTime
/rangeEndDateTime

/Lineage

/AcquisitionInformation

2012-11-28 BW/HH-12
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! Mapping to the ISO Model

The example below is a simplification of the mapping exercise

Note that each element is mapped from a major ISO subclass
to the ESDM and the HDF5 Group/Attribute structure

ISO Subclass Path Data Type Equivalent Element in HDFS Group/Attribute Location
i ESDM _
EX_Extent/decription char Metadata/Extent/description
EX_Extent/geographicElement/EX_GeographicalBoundingBox/extentTypeCode Boolean Not needed in Group/Attribute - must transfer to

1SO 19139

EX_Extent/geographicElement/EX_GeographicalBoundingBox/eastBoundingLongitude Decimal WestBoundingCoordinate Metadata/Extent/westBoundLongitude
EX_Extent/geographicElement/EX_GeographicalBoundingBox/northBoundingLatitude Decimal NorthBoundingCoordinate Metadata/Extent/eastBoundLongitude
EX_Extent/geographicElement/EX_GeographicalBoundingBox/southBoundingLatitude Decimal SouthBoundingCoordinate Metadata/Extent/southBoundLatitude
EX_Extent/geographicElement/EX_GeographicalBoundingBox/westBoundingLongitude Decimal EastBoundingCoordinate Metadata/Extent/northBoundLatitude
EX_Extent/temporalElement/EX_TemporalExtent/extent/timePeriod/beginPosition DateTime RangeBeginningDateTime Metadata/Extent/rangeBeginningDateTime
EX_Extent/temporalElement/EX_TemporalExtent/extent/timePeriod/endPosition DateTime RangeEndingDateTime Metadata/Extent/rangeEndingDateTime

2012-11-28
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\ Run Preparation

Metadata
Configuration File

SMAP Specific XML
ISO Metadata Map
Excel Spreadsheet
Output Configuration
File
SMAP Specific XML

+ |SO Metadata Map provides design as well as starting point for processing

» Metadata configuration file dictates the source of all metadata values.
Executable then knows where to locate value for each metadata element.

« QOutput configuration file dictates the precise HDF5 content and structure of each
SMAP data product.

» Both configuration files are in a SMAP specific flavor of XML

2012-11-28 © California Institute of Technology. Government Sponsorship Acknowledged BW/HH-14
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L Series Metadata

« Series metadata are constant over a collection of granules

« SMAP Data Architect curates the series metadata for each
data product type

— Model is ISO 19115 compliant with a few SMAP extensions
— Encoding is ISO 19139 compliant
— One file represents a specific SMAP data product for each build

« The SMAP Science Data System delivers the curated series
metadata to ESDIS with each build

— This delivery enables ingestion of data products at the Data Centers
« SMAP software automatically incorporates the entire series

metadata into a single HDF5 attribute in each data product
granule

2012-11-28 © California Institute of Technology. Government Sponsorship Acknowledged BW/HH-15
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\ Dataset Metadata

« Dataset Metadata vary from instance to instance
— Requires an automated implementation method

« Major challenge of SMAP implementation:

— Automate the generation of dataset metadata
« Metadata values vary from one granule to the next
» Provide these values in group/attribute form
* Provide same values using ISO 19139 compliant XML serialization

- Each data product generation executive generates dataset
metadata in HDF5

2012-11-28 BW/HH-16
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Automating the Generation of ISO Metadat

SMAP employs a standard framework in all executables that
generate data products
— One component of the framework writes the output into HDF5

The framework HDF5 component enables automation of
group/attribute metadata generation

— Developers receive metadata definition from systems engineers in a
mapping spreadsheet

— Developers convert the spreadsheet content to configuration files
— SMAP framework automates generation of metadata in the
group/attribute structure
At a minimum, group/attribute approach only requires
the standard HDFS library

2012-11-28 © California Institute of Technology. Government Sponsorship Acknowledged
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v SMAP Tool Chain Flow

Metadata
Configuration File

SMAP Specific XML
SMAP Product in HDF5 with
~ Metadata in Group/Attribute
Structure
Output Configuration
File
SMAP Specific XML
Complete Automated Metadata Curated Series
Group/Attribute in1ISO 19139 Metadata in ISO
4 Structure in HDF5 g Compliant 19139 Compliant
XML Serialization Serialization
merge

XSL that maps
transform form HDF5
XML to ISO 19139
XML

SMAP Product in HDF5
with Metadata in
Group/Attribute Structure
and in ISO 19139 Compliant
XML

2012-11-28
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\ Automating the Generation of Dataset

& Metadata
« Each data product contains complete set of metadata in HDF5
group/attributes
« Developed an XSLT that maps the HDF5 group/attribute metadata into a
representation that complies with ISO 19139 XML encoding
* Near the completion of each executable run, the SMAP software:
— Dumps the HDF5 group/attribute metadata into HDF5 XML
— Executes the Saxon XSLT engine to convert HDF5 XML to ISO 19139 XML

— Incorporates the ISO 19139 compliant dataset metadata into an HDF5
attribute in the output data product granule

— Incorporates the curated ISO 19139 series metadata into a separate HDF5
attribute
 The SMAP mission delivers the ISO dataset 19139 compliant metadata to
the Data Centers in two forms
— Embedded in the data product metadata for the user community

— In a collocated file for Data Center ingestion
» The separate file does not travel with the product

2012-11-28 © California Institute of Technology. Government Sponsorship Acknowledged BW/HH-19
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i Tools for ISO Metadata Producers @
e

Data Producer/Consumer Code

ISO — HDF i
ISO 19115 Object SO 5 mapping

Representation HDES Maoo 4 spreadsheet
In Code apping
Read\Write § Read/Write
n AL in HDF5
XSLT

ISO 19139 o ISO 19115
XML - - Representation

- Access XML Content
Inside HDF5

In Native HDF5

ISO 19139 XML

Rer?reaeDn;afsﬂon « XML Data Binding
: « Encoding ISO using an HDF5 API

« Automate mapping from design
spreadsheets
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\ﬁ'. Representing DOIls and UUIDs
* Like the ShortName, DOIs and UUIDs are identifiers
— DOls as collection/series identifier
— UUIDs as granule/dataset identifier

« All of these elements appear in the M| _|dentifier class.

— SMAP extended the MD _Identifier Class so that it matches ISO
19115-1 specification

MD_Identifier

authority: CI_Citation [0..1]

code: CharacterString
codeSpace: CharacterString [0..1]
version: CharacterString [0..1]
description: CharacterString [0..1]

+ + + + +

2012-11-28 BW/HH-21
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L Additional SMAP Extensions to the ISO Model

* Need to specify orbit mechanical information
— Lifted SD_OrbitMeasuredLocation class from ISO 19130
— Aggregated SD_OrbitMeasuredLocation class under MI_Platform
* Need to specify various algorithm parameters that vary from one product
to the next

— Use of eos:EOS_Processing, which extends LE_Processing by adding
additionalAttribute Type and additionalAttributeValue.

— Implemented an extended class named LI_AdditionalAttributes
— Aggregated LI _AdditionalAttributes to class LE_Processing
— Habermann/White suggest a Record/RecordType approach

* Most classes enable multiple citations
— Citations can reference documents, files, algorithms or other entities
— The ISO class LE_Algorithm includes only one citation
« SMAP needs two references in the class:

» One reference to provide a version for the algorithm
» A second reference for the Algorithm Theoretical Basis Document

2012-11-28 BW/HH-22
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Extensions of the ISO Model

« Potential use of Record/Record Types to include Product Specific Metadata

<gmd:lineage>
<gmd:LI Lineage>
<gmd:processStep>
<gmi:LE ProcessStep>
<gmd:description>
<gmd:dateTime>
<gmd:processor>
<gmi:processingInformation>
<!-- extends LE Processing by adding
additionalAttributeType and additionalAttributeValue -->
<eo0s:EOS Processing>
<gmi:identifier>
<gmi:softwareReference>
<gmi:procedureDescription gco:nilReason="unknown"/>
<gmi:documentation>
<gmi:runTimeParameters>
<gmi:algorithm>
<eos:otherPropertyType>
<gco:RecordType
xlink:href="http://www.echo.nasa.gov/ingest/schemas/operatfons/Coll
ection.xsd#xpointer (//element [@name="AdditionalAttribute'f)">Echo
Additional Attribute</gco:RecordType>
</eos:otherPropertyType>
<eos:otherProperty>
<gco:Record
xmlns:echo="http://www.echo.nasa.gov/ingest/schemas /foperations">
<echo:AdditionalAttributes>

ditionalAttribu
:Name>RFIThre

echo:Name>

o:DataType>

blution/>

: /echo:ParameterUnitsOfMeasure>
curac >

Explanation/>

/echo:ParameterUnitsOfMeasure>

ionalAttribu

bchJulianDate</echo:N

ccho:Datalypes Coupling of
type and
value needs
change

iption/
blution/>

dateTi
iption/>
iremen

<lechosldditionagllttributa

</gco:Record>
</eos:otherProperty>
</eos:EOS_Processing>
</gmi:processingInformation>
</gmi:LE ProcessStep>
</gmd:processStep>

al curac >
ccuracyExplanation/>
1ue>2000-01-01T11:58:55.816</echo
ditionalAttribute>

2092541:28° i neage>

</gmd:lineage>
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\ﬁ. Validation of ISO 19139 XML Instances

|

« XSD based validations

— XML data binding tools can validate
XML instances against the schema

— Tests against the value type and the

grammar

— Adoption of extended schemas
requires community agreement

Binding
Compiler

Derived

. Classes &
Interfaces

4

XML
Schema

<rule context="image">

SChematron Valldatlon ;z;lssert test="count (width) = count (height) ">
Width and Height elements should be
— Employs a rule based balanoeq
e : </assert>
— Enhances specification of < ontes
constraints
<rule context="width">
] Expressed USing an XPath <assert test="preceding::height or
following: :height">
° Deployable as XSLT code A width should be accompanied by a height
. | lud diti | traint </assert>
nciudaes conditional constraints </rule>
2012-11-28 BW/HH-24
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\

\i- Limitations of HDF5 1.8 for ISO
* Representing lists of objects
— No current support for multiple cardinality of groups
* Inhibits a group/attribute structure with multiple instances of LE_Source

— Can employ arrays of user defined types (UDTs)
« Does not appear as a list of objects
« Complicates nesting of object arrays

— Could name subgroups appended with indices
« Examples include LE_Source/1, LE_Source 1, LE_Source.1
* h5dump to XML provides limited support for UDTs
— Not fully structured.
— XSLT transforms cannot easily map into 19139 XML

* Upcoming updates to HDF5 XML may considerably ease
this approach

2012-11-28 BW/HH-25
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L Recommendations for the NASA Flavor

« Division between Series and Dataset categories

— Some classes such as MI_AcquisitionInformation should be constant for an
entire collection, thus Series metadata

« Attributes within the class break the mold
« Chose to place the entire class and sub-class under the Dataset category

« Establish standards to define and employ Record/RecordTypes
» Use of the ECHO schema will require changes

— Decouple the type and value in echo:AdditionalAttribute

— Enable referencing of remotely defined types
« Adaptation of codelists and enumerations for NASA use

* Units of measure
— Need to adopt a convention for representation of units

 Namespace for ISO 19139 XML

2012-11-28 BW/HH-26
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\

\:‘i. Concerns Going Forward
A NASA standard does not yet exist
— SMARP is the first NASA mission to generate ISO metadata
« Some relevant fields are not present in the ISO standards
« SMAP extended ISO to provide necessary elements

— NASA needs to adopt a standard flavor

« Ensures that common values appear in common locations across all NASA Earth
Data Products

» This effort has begun
— SMAP’s ISO adoption provides an initial example for other new missions

— John Moses'’s effort on DOls,
— Ted Habermann’s work with ECHO

« SMAP products contain a subset of the ISO standard

— SMAP only employs ISO 19115 and ISO 19115-2

« To ease initial implementation, many optional attributes in these standards that offer
the richness of ISO are not in the SMAP model

— SMAP implementation does not include valuable upcoming features in ISO
19115-1 and ISO 19157

2012-11-28 BW/HH-27
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\ Concerns Going Forward

« Lack of effective schema checking tools
— SMAP necessarily extended the ISO standard
— Presence of extensions requires that modification to the standard schema
— SMAP can reuse and extend existing validation tools
» Generation of ISO tools
— Tools will anticipate specific attributes or some format that SMAP did not use

— Performance with tools may generate a perception that the SMAP ISO
model is deficient

 NASA missions are reluctant to adopt cutting edge information
technologies

2012-11-28 © California Institute of Technology. Government Sponsorship Acknowledged BW/HH-28
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\ Incorporation of ISO into
i Remaining SMAP Products

« |deally, this effort should be covered under the SMAP budget
— Once the infrastructure is set, implementation should function smoothly
— SMAP plans include time to generate metadata in each of these products

« Issues that might confront the SMAP Mission

— SMAP has 15 major data products.
* These products may have metadata requirements that don't fit the current model
— Tasks required for metadata implementation.

» Are these standard implementation or additional effort?
— Generation of XSLT for each product
— Modification of the metadata validation to handle unforeseen extensions
— Curation of an initial set of series metadata for each product

— Adaptation to NASA standard as it evolves
« Can SMAP get away with freezing its metadata model?
* Whatis a reasonable policy considering the adoption of ISO over time?

— Adaptation to new technologies and tools as they become available

2012-11-28 BW/HH-29
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{ Lessons Learned

» Software development and applications

— Product developers and users need time to ease into ISO
« Usability

— The ISO model is deeply nested

— Implicit structure of the ISO model requires users to drill deeper to locate
specific elements they need

« Simplicity

— Development teams need to keep support of ISO as simple as possible.
* Maturity of tools

— SO schemas for new models need to be made available earlier

— Tool developers should leverage existing software and infrastructures

* Need to establish a NASA flavor
— Usage conventions still need to be settled
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Backup
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SMAP Data Products

Data Product . . . .

L2 SM_A Radar Soil Moisture (includes Freeze-Thaw ) Half Orbit
L2 SM_P Radiometer Soil Moisture Half Orbit
L2 SM_AP Active-Passive Soil Moisture Half Orbit

L4 SM Surface & Root Zone Soil Moisture Global
Carbon Net Ecosystem Exchange North of45° N
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SMAP ISO Model — Dataset — Ml_Metadata

i’;ass MI_Metadata_Dataset /
«CadaLists - pendmerallony «Codelists
MD_ProgressCode 05 _Series MO _Topic CategoryCode rDO_%: Cod
This design is specific to the SMAF dataset metadata. Rk
+ completed * Thus, MI_Metadata.hierarchylevel = "datazet’. Attributes + attrbute
+  higtoricalArchive Metadata classes that have differing sets of attributes + farming + attribute Type
+ obsolt.ate +oomposedOf 1.7 amaong the datazets within a zeries appearin the SMAP + biota + collectionHardware
+ onGoing dataset metadata. + boundaries + collectionSession
+ planped DS_Dataset + climatologyhdetearologyitmosphere + dataset
+  required +  economy + series
+ underlevelopment ; + elevation + nonGeagraphichataset
DQ_DataGuslit ; i ; ik
i L MD_GridSpatial Reprasentstion +  environment +  dimensionGroup
+dataltualitylnfo A Z + intificinf ti
The SMAF project 1 +spatialRepresentationinfa | 1 L U L L A +  feature
=R + health + featureType
addition of the *hasyl + imageryBasetapsEathCower + propertyType
: + intelligencebdilitany + fieldSession
foll?wmg Seven MI_Metad=ts + inlandilater + szofhware
attibitestohlass N o + location +  zernice
MD_Pragress code: + fileldentifier :char + oceans + il
beta + language :char= eng; USA kL T e e i ! ed |
provisional + characterSet :char= utid 2 B d mode
validated - stage 1 + hierachylLevel MD_ScopeCode z Z:-EI;?;E
validated - stage 2 + hierarchylewelMame :char T Qrinensrbabion CodeList
validated - stage 3 T EEEIE (Rl AP gy + utilitiistomrnuni-:ation 05_As i ?at"a ITJo Cod
validated - stage 4 + dateStamp :Date _AssociationTypeCode
+ metadataStandardMame :char= Geographicinfo... + crossReference
Definiti far th + metadataStandardWersion :char S
a;rilgll'cl:;ir:rav:is:ble + dataSetUR| :char [D.1] [~ "] Since Reference System information applies +  largerifonCitation
iine ¢ = to an entire series, the dataset metdata +  panOfseamlessDatabase
R e e model does not referance W el
earli'n-science.;’earth.-g . o MD_ReferenceSystem. Specifics about i .steleohﬂate
e +identificationinfo 1.7 anaths currently fall under the 150 19130 + isComposedOf
maturity levelss . S0_Sensorclass. I IS0 19130 is not
r40_Dataldertification uzable, we may need to construct another
+aggregationinfe |1..7 T means to provide awath specific information. e
% + purpose (char [0..1] MDO_Spatial RepresentationType
MO _Aggregate Infor mation + credit schar[0..1] —t 7 =
: o wector
F amrciatinTane Do A + statgs .MD_ProgregsCode .7 _ _ :e:?,;':t_ wdataTypen For citations that © g
initiativeType :int + spatialRepresentationType :MD_SpatialRepresentation Type [0.7] P EX_Extert reference S teTaEe
+ language :char=eng; USA i documents, f
+ characterSet :char [0.7] = utfs Citation. title lists : :tn e
+ topicCategony :MD_TopicCategonCaode [1.7] +citation the document title .enao SR
+a telataSetidentifier |1 + i i inti -ch wdataTwpen Fia i + widea
ggregatel ataSetidentifier environmentlescription :char [0..1] ol Ccitati Far citations that
+ zupplementalinfarmation :char [2..1] 1 — T [~ 1 reference files,
ndataTupes Citation.title
MO_Idertifier
i references
+ authority :CI_Citation [0..1] | This reference to MD_|dentifier specifies +graphicOvendew 0.7 gmFileHame,
+  oode char general information aboutthe dataset. Thus, y A
the code prowides the best location for the MD_BrowseGraphic BleEuchil nane;
equivalent wvalue of ShotHame in the ESDM az + fileRame-char
well as the Digital Object Identifier (DOI. I fiIeDescripiion sehar [0..1]
+ fileType :char
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SMAP ISO Model — Dataset — DQ_Quality

class SMAF DG!_DataG!uaIity/

: wlodelists
«FodeLlsbo MD_ScopeCode
00_Scope . DE_EwaluationbethodType Code
+soope +lineage LI_Lineage > +  attrbute
+ lewvel :MD_SecopeCode +  directinternal +  attribute Type
+ extent (EX_Extent [0.7] i 1+ statement char [0..1] iieciE sl + collectionHardwars
+  levelDescription :MD_Scopelescription [0.7] +  indirect + collectionSession
+ dataset
+ series
DG_DstaGuality: + nonGecgraphichataset
DQ_GuartitativeResult f oo Cty
*report (0" + feature
+ walueType :RecordType [0..1] + featuraType
«abstracts + waluelnit :Unitofhdeazure + propertyType
DQ_Element + ermorStatistic char [0..1] + fieldSession
-xdata.TvPe:o +evaluationProcedure + nameOftdeasure char +result + walue Record [0.9] i soMale
Cl_Citation <7+ measureldentification MD_Identifier [0..1] O ENnEEnilce
0.1 + measureDeseription :char [0..1] 1.2 ] + tile
+ evaluationmethodType :DO_EvaluationMethod TypeCode 0Q_DataQuality:: + model
AT 1+ evaluationhfethodbescription :char [0..1] D@_ConformanceReasult
SMAP DO_Elament instantiations typically + dateTime :DateTime [0..1] + ewplanatian :char
include nameCfhdeasure, measunebescription + pass :boolean
and evaluationteasure Type. Other attributes + specification :Cl_Citation
are optional.
wabstracts sabstracts
0E_Completensess iti aabstracts ocabst.ract» aabstracts
3 2 e R 03_Temporal Accuracy 00 Thematicae e DQ_Logical Consistancy
Do D=t Quality: DQ_DE‘taQualit.}.ﬁ: L DO DataGuslity: DG_DataQuality:: L DG_DataBuality:
DQ_Completeness Omission BuzAbsaluteEsternal Easitioglaceisey DQ_aAccuracyOFATi meMeasurement DQ_MonGuantitative Attribute Accuracy 0E_DomainConsistency

DO_D=taQuality:
DG _GriddedDataPositional Accuracy DO DataGuality::
DE_Quartitati vestriboteAccuracy

Almost all SMAP products will employ the DO_Completeness0mission and DO_DomainConsistency classes. SMAP products may use other
classes bazed on which elements of quality information might be placed inthe product metadata.
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SMAP ISO Model — Dataset — LI Lineage

class SMAP LI_Lineage /

i i LE_Frocessing describes the SPS that
ShARP Product metadata lists the complete set of source information and processing lﬁ?:J::;Itej;i';IEIPISeMPAr;cjijt:E’:::tl::l;i”ln ge;erated thegassociated dats et Tihe
information that deseribe the most recent processing step. Thus, the metadata : ol on:a FrocessStep. That olass identifier specifies the SPS name, the
cantains multiple instantiations of LE_Source. The SMAP Science Processing and LI_Lineage 2 fhuareRef ites th +
. deseribes the most recent process step thatwas sofouarereferance cites the curren
[rata mManagement (SPOM) subsystemn, or other databases, may store the composite + statemnent char ] e Toconbrattihe s S s A e el e R
set of all source information and processing information for the entire woddlow that Attribute "processor references the SMAP e e e S P e
generates any particular data product, ) A recent version of documentation that
! describes the zofhware. The version
! ¥stuice i attribute is a SMAF extension.
e o +processStep 1
= | ource
LE_I‘-vlornlnaI RE_SDImefn T desegtion ohar LE_ProcessStep LE_Processing
: sg?::::janleRszslzl?::nw:D-iztliacTe + sealebenominator :MD_RepresentativeFraction [0..1] + description :char +processinglnfarmation i Bl :MD_Identifier. ’
+ sourceReferenceSystemn MD_ReferenceSystem [0..1] + rationale :char[0..1] + sofhuareReference (C|_Citation [0.7]
+  zourceEstent :EX_Extent [..1] + dateTime :DateTime [0..1] 0.1+ procedureDescription :char [0..1]
«dataTypex + sourceCitation :Cl_Citation [0..1] + processor :Cl_ResponsibleParty [0..1] + documentation :Cl_Citation [0.7]
MO_RepresentativeFraction + processedLevel MD_|dentifier [0..1] + mnTimeParameters :char [0..1]
T + resolution :LE_NominalResolution [0..1]
+algarithm 0.7 [N
The SMAP schema should include a reference The sitation attribute in LE_Algorithm Class LI_AdditionalAttributres is a SMAP
to EX_E=tent if and onhy if the extent of the describes the Algorithm Theoretical Basis LE_Algarithimn extenszion. Thiz olass provides the values of +additionalAtiributes |01
input zource differs from the extent of the autpu B e B B L eV R T e the zothware and algorithm parameters that S
product that the metadata set describes, and extension. That attribute liststhe SMaF [~ """ i GItatI.DI'IIZC|_CItEItIDn data product users might need to know. e .
the extent of the source data is critical to : : i f +  deseription cchar Th tri t Fun Ti - LliAdditianalaniBeies
: AlgorithmWersionll. SMAP distinguishes A e ese entries are not Run lime .
understanding the content of the autput between software, algorithm and parameter Parameters. In otharwords, these ramain
praduct. e constant within a particular version of the
algarithm or sofbvare. Run Time
Farametars may wan from one run to the
nextwithin a paticularwersion of the
alguarithm or sofhuare.
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L SMAP ISO Model — Dataset — Ex_Extent

clmss SMAF EX_Extert /

"0" implies a geographic exclusion box
"" implies 3 geographic inclusion box

The meaning of extentTypeCode is as follows:

+geographicElement o=

wdbstracts

E¥_GeographicExternt

+ extentTypeCode :boolean

+temporalElement |1

wdataTypexn
E¥_E:xtert

+ deszcription :char [0..1]

ShAP Level 4 data products include
zome elements that are specified by soil
horizon. The EX_WericalExtent enables
ShAP metadata to describe =ail horizon
depths.

EX_Temporal Extent

+  extent (Th_Frimitive

The HRE

twio attributes named "gml:beginPosition" and
"gml:endPosition". Hawe not located
documentation in the standards that zpecify this
approach. Seeking other means to represent these

[

S5T design divides Thi_Frimitive into

+vericalElement

0.1

EX_“ertical Extert

+ minimum%alue :float
+ maximumfalue float

+vericalCRS |1

SC_CRS

+ =zcope :char[1.7]
elemeants. + alias :char[0..7]
+ remarnks char[0..1]
+ name :RS5_|dentifier
EX_GeographicBoundingBox T
EX_E dingFPal !
+ westBoundLonomide e o D S - The IS0 19107 standard describes |
+ eastBoundLongitude :Decimal +  polygon (GM_FPalvgan M_Palygen, along with GM_Foint,
+ southBaundlatitude :Decimal GM_Curve and Gh_Surface. Ted CRE iz"Coordinate
+ nonthBoundLatitude :Decimal Habermann advises uze of gml: Reference System'.
specifications elucidated in 150 19138,
2012-11-28
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SMAP ISO Model — Dataset —
MD_GridSpatialRepresentation

clzzs SMAP MD_GridSpstial Representation /
: . ; Georefaranceable data employ grid cells irmegularly
MD_Di mension  astinari of Blapartius MD_GridSpatisl Representation spaced in any given geographicimap projection
+ dimensionName MD_bimensionhameTypeCode [-— [ mmEERe i Bt e TR
+ dimensionSize :int i + cellGaometry hD_CellGeometrCode g_ 949 PR
+ resolution Measure {ordered} + transformationF arameterfvailability :boolean W'_th i dat.a. Lallscarenol besgeglocatedtiog)
: grid properies alone. Most SPAF Lewel 1 products
‘% are georeferenceable.
0
]
AN :
Gearectified data employ a !
map that is regularly '
spaced in a geagraphic or R :
map coordinate system sa MO Boorartiied MD_Georeferencesble
that any cell in the system + chediPointtvailability :boolean
3 £ + trolFointAvailability bool
can be gealocated given + chediFointbescription char [0..1] Ik :?il;lztoatiz:'unPa\rr:rln‘:t;rgrail.:boil?:tn'boolean
its grid coordinate and grid + carmerPoints (Gh_Foint [1.7] fordered} e R R '.char o.1]
orgin, cell spacing and  k --1+ centerPoint -GM_Point [0.1] + georeferencedParameters 'Fll?e-:ora i
orientation. ShAP + pointslnPizel :MD_PixelOrientationCode 2 :
Radiametar Level 1C, + transformationDimensionDescription :char [0..1]
Lewel 2, Level 3 and Level + transfarmationDimensiontapping :char [0..2] +parameterCitation 0.7
4 products are georectified. B
This ¢lass doas not provide e
e M|_Georeferenceable
for documentation. ShiaP C1_Cit=tion -
might consider inclusion of !
an additional attribute of Ml Geaorectified &
type CI_Citation. —
References documents and 5 ¢
S : +genlocationinformation | 1.7
responsibility for georeferancing
> parameters. For SMAP, thiswould «abstiacks
) “EEUdEL'Sh' «Codelists +Codelisks most likely reference a particular Ml Geolocationlnformation
MD_QimensionNameTypeCode | wn_cellGeometryCode| |0 Pisel Orientstion Code saction of the Level 1 ATEDs. i
2 + point +  center
A + area +  lowerleft
: :rer;l(cal + |owerRight
2 12 o + upperRight
il + upperLeft MI_GCPJ‘.DIIectiDn
+ line
+ zample <A+ ocollactionldentification :int
+ time + collectionMame :char
+eoordinateReference System (1 +gop 1.7
MDO_ReferenceSystam MI_GCP
+ referenceSystemldentifier :RS_ldentifier - geographicCoordinates :Direct Position
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|

\a‘i. SMAP ISO Model — Data — MIl_Acquisitioninformation

class SMAP MI_fcquisitionirformation /)

E‘ rAI_Acquistioninfor ration

S0_0Orbitteasuredlocation is a SMAF extension.
The contents are largely based upon a class with
the same name in 150 19130. The

SD_Orbitkdeasuredlacation class is deeply +platform (1
embedded inta 150 19130, To ease
implementation, the SMAP team choze to avoid k1_Flatfor m The citation in the kI_Flatform
rigaorous inclusion of 19120, Thizs class is required T ; e T class refarences spacecraft
in all SMAP Level 1 and Level 2 Products, which S PR s documentation. Attribute
are delineated based on half orbit boundaries. i |-:Ient!f|n=_tr .HD_Identlfler antennaRotationR ate is 3 SMAF
Lewel 2 and Level 4 Froducts will not employ this + descriptian :char . extensian
e + =ponsar (Cl_ResponsibleParhy [0..7] )
- + antennaRotationRate float [0..1]
: +pc-5iti-:-nA0 _
: +instrument
S0 Position
SD_OrbitkeasuredLocation MI_Instrurment
+ argumentOfFPeriges Decimal + citation :CI_Citatien [0.7]
+ ecoentricity :Real + identifier :MD_ldentifier
+ epoch :DateTime + type :char
+ inclination :ecimal + description tchar
+ meanhdation :Real
+ period :Thi_Cwration
+ referenceCRS (SC_CRS E.
0 e :“-'_t_ Moo=t ShlAP products will reference both
i c‘g.r-:IeNurnber-:lnt the radar and the radiometer instrument.
3 p:athNurnbe.r e ; ; Thus, in maost products, bwo instantiations
+ rightéscensionAscendingMode Decimal of MI_Instrument will appear in the
= gertulh-'!ajnr_ﬁxlg. -iesta] metadata. The citation in the
£ ':'rt"tD”E':t":'rf i : : : fl_Instrument clazs references instrument
& equatanrnﬂE!ngDateTlme .Da‘te:Tlrne documentation that is not ITAR sensitive.
+ equatorCrossinglongitude Decimal
+ halfOrbitStatDateTime DateTime
+ halfOrbitEndCrateTime DateTime
2012-11-28 BW/HH-38
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L SMAP ISO Model — Series — Ml _Metadata

class Oata Set Metadata /

This design describes the ShAF series -
DS_Series
mitadata. Thu.s, : = MI_Acquistionlrfor mation wabstracts
MI_Metadata.hierarchylewel = "sariaz". A artart I e At
Elements that wary by individual * +acquisitioninformation” 1 HE
dataset, or are in classes that vary by +eontentinfa 4
individual dataset do not appearin thiz
design.
+zerieshietadatal 1 M D _Dataldentification
FI_Metadats + citation (CI_Citation
+ fileldentifi h {}—-—;MMI =i -'3:3'[0 1]
ileldentifier :char purpose char [0
+ language :char= eng; USA 4.7+ wredit tchar[0..1]
+ charactarSet :char= utf2 + status WD _ProgressCode [0.7]
+ h!erachyLeveI :MD_S.copeCode hierarchyLevelMame in the + poinlthContac‘t :C!_Respons-ibIeF'artyl[D.."] i .
+ hleralchylrLevelName. :char Series Metadata is a good + spatlaIRepr.esentjtlonType WD_SpatialRepresentationType [0.7]
+ oontact :Cl_ResponsibleParty 0 __ | candidata forthe + language :char= eng.xUSA
+ dateStamp :Date . . o ShatHame from the Earth o cha_rac‘terSet :c.har [O.. ]_= utfs )
= metadataStandaldNam.e :char= Geographicinfo... Seience Data Model. i topl.cCategory .MI;)_ToplcCategoryCode 1.7
+ metadataStandardWersion :char + envirenmentDeseription char [0..1]
+ dataSetURl :char[D..1] + supplementallnformation char [0..1]
. Codelists
CodeList * ]
+°°nta°t?1 M Spstial Repeastrtoon e ML SeopErade TEmmEC
e =P B P MO_TopicCategoryCode
adatalypex + attrbute
% + wector
Cl_ResponsibleParty ¥iscoiirsaFormat]a e + aﬂ:ribut.eTvpe Attributes
+ individualHame :char [0..1] + tesdTable : °°::93!°":a’df"'a’e + famming
+ organizationMame :char [0..1] D _Format + tin o ;ote ;on Essigy + biota 3
+ pozitionMame :char [0..1] > = + stereahdodel shib iy Lopnddies
¥ rola 0l Belecada + name :char=HDFS A + =eries + climatologyeteorologwitmosphers
B + wersion :char + nonGeographichataset +  ecOnomy
+ amendmentMumber :char [0..1] + dimension@Group + elewation
& T 2 2
sdatalypes + :iT:[c)I;I:::;I:es;:anr'l'[S;;llique iehar [0..1] : ::::z::Type : eIWImrl'l-nt'efl'ﬂ| f ti
e f : o I geosceintificinformation
CI_Citation::Cl_OnLineResources «Codelists A S
+ linkage :URL tO_FrogressCoda + fieldSession + imagen/BasebdapsEanthlCower
+  protocol cchar [0..1] + completed + sofhware + intelligencetdilitary
+ applicationProfile :char [0..1] aCodelists 4 Chictoticaba ehmE + semice + inlandater
+ name :char[0.4] Cl_oOnLineFunctionCode 3 Ehealae + file + location
+ description :char [0..1] = = + onGaing + model + ocean.s
+ function :Cl_OnLineFunctionCode [0..1] .ofuun O‘:. + planned + planningCadastre
+ information T f
+  offlinefccess e UlEd i Sy
i d + underbevelopment : +  structure "
SR + tranzportation
+ search Attributes "beta", + utilitiesCommunication
"provisional" and

"validated" are
proposed SMAR
additions.
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\ ~ SMAP ISO Model — Series — MD_Dataldentification

class SMAP Series MD_Dataldertification /

B G adECIs senumerations
MI_hetadata .?g.gre_gates fna |ns.tances of MO _Data ldertifi cati on —B D%_InitiativeTypaCode MI_Metadata::MO_TopicCategoryCode
ML _Dataldentification. In both instances of T - F The
mD_Dataldentification, the pointOfContact references the Data + citation :Cl_Citation z + campaign Attributes
Center. Eiatstiaais chan poiniAbontsat + collection +  farming
*+ purpose ehar [0..1] Tolithe series + experiment + binta
The citation in one instance of MD_Dataldentification +  credit char [0..1] le':elences thase + inwestigation + boundaries
references the data product. The title contains the product o + status MD_ProgressCode [0.7] ‘i arelbl # +  mission + climatologybdeteorologyAtmospheare
LongHame. The citiation includes two instances of +  pointOfCantact :Cl_RespansibleParty [0.7] RRR AL R at +  zensor + economy
MD_|dentifier. One instance of MD_|dentifier contains the + spatialRepresentationType :MD_SpatialRepresentationType [0.7] Hisi=ealice, + operation + elevation
ShortHame that the ECS uzes to categorize SMAP data S AU R g S Therefo.ret. the + platform +  envirenment
products. The otherinstance of MD_Identifier contains a Digital i cha.lac‘terSet ichar [D"x]_= utfd ap;plopna _e th + process + geosceintificlnformation
Object Identifier (DO which provides a reference to an on-line ! TDDI.GCETEQOW :MP—TOD'GCETEQOWCME .7 :: :legcetls N + program + health
location where these data are available. + environmentDeseription :char [0..1] S EEMEE + project + imageryBasehapsEarthCover
+ zupplementallnformation :char [0..1] +  study + intelligenceMilitarny
The citation in the second instance of MD_Dataldentification +  taszh + inlandirater
referances the Product Specification Document. +  trail + location
+ oceans
+ planningCadastre
+ society
1 +resaurcebdaintenance g ohire
1.7 +aggregationinfo +spatialResolution 1 + transportation
tD_Mdmi ntenanee Infor mation . + utilitiesCommunicatian
MD_Aggregete Irformation MO_Resolution
+ maintenanceAndlpdateFrequency (bl _hdaintenanceFrequencyCode
+  dataOfNestUpdate :Date [0.1] +  associationType :DS_AssaciationTypeCade + equivalentScale :MD_RepresentativeFraction wlodeListo
+ updateScope MD_ScopeCode = series + initiativeType :DS_Initiative TypeCode [0..1] = mission + distance :Distance MI_Metadata::
+ maintenanceMote :char[0..1] tD_ScopeCode
+ contact (CI_ResponsibleParty [0.7]
T + attrbute
: adataTypes + attributeType
g «Codelists MO_RepresentstiveFraction + collectionHardware
MO_Maintenance FrequencyCode 3 5 + collectionSession
The Data Centers will +aggregateD ataSetldentifier | 1 + denominator cint + dataset
provide the contact for + col_ﬁinual cdataTypes 0.1 |+aggregatebataSetame +  zeries
hdaintenance Information. +  daily MO Identifier + nonGeographichatazet
+  weekly = adataTypes + dimensiontroup
+ fornightly + coode ichar Cl_Citation aCadelists + feature
+  manthly ; MI_Metadata:: + featureType
+  quarterly , ) MO_Spatial Represertation Type +  prapertyType
SMAP suggests the 1 in ity .' : b e i e
addition of a "scheduled" "1+ annually b ! +  wectar +  =zoftmare
entry. +  azHeeded +  grid +  zeniice
+ imegular Since the the Zince the initiative Type is + texiTable + tile
+ notFlanned initiative Type is "mission", the citation + tin + model
+  unknown "mission”, the value of referances general + stereohiode|
aCodeliste the code attribute in the documentation about the + wideno
DS_AssociationType Code aggregatelataSetldentifi ShAF mission.
ar iz "SMAP",
+ wcrossReference
+ largeriiakCitiation
+ partdfSeamlessDatabase
+  zource
+ stereohdate
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class SMAP CI_Citstion /

+ publication
+ rewvision

inForce
adopted
depracated
superseded

+phone 0.1

Cl_Citation::Cl_Telephone

wdataTupen

+
2

woice :char [0.7]
facsimile :char [0.7]

adataTypex
Cl_Citation:: C1_Cont=act

+ hoursOfSemrice char [0..1]

+ contactinstructions :char [0..1]

+address|n 4

wdataTypean
Cl_Citstion:: Cl_Address

deliveryFoint :zhar [0.7]

city :char [0..1]
administrativesrea char [0..1]
postalCode :char [0..1]

country tchar [0..1]
electronichdailAddress char [0..7]

+ o+ F o+ o+

RE_Idertifier

+ codeSpace :char[0..1]
+ warsion :char [0..1]

+onlineResource 0.1

wdataTypen
Cl_Citation:: C1_OnLineResources

o+ o+ o+ o+

linkage :URL

protocal cchar [0..1]
applicationProfile :char [0..1]
name char [0..1]
description :char [0..1]

function :Cl_OnLineFunctionCode [0..1]

xCodeLists At [
Cl_RoleCode L The Harth American Profile includes sik mare entries wCodelists
Cl_Citation
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