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Introduction

The Department of Homeland Security (DHS), Office of the Chief Information Officer (OCIO), Geospatial Management Office (GMO) developed the DHS Geospatial Data Model (DHS GDM),  a standards based, logical data model to be used for collection, discovery, storage, and sharing of homeland security geospatial data. The initial versions of the DHS GDM drew from three major bodies of work:

· The National Information Exchange Model (NIEM)

· The Federal Geographic Data Committee (FGDC) Framework Data Content Standard

· The Project Bluebook model

Comments on the initial DHS GDM were solicited via the Federal Geographic Data Committee (FGDC) web site at http://www.fgdc.gov/fgdc-news/geo-data-model/.  Version 1.2 of the DHS GDM evolved in response to these comments, and drew from additional bodies of work:
· The FEMA Emergency Management Data Content Model

· The Geographic Names Information System (GNIS) Feature IDs and types

· Feature types for FGDC Emergency Management Symbology
· National Incident Management System (NIMS) Resource types
· National Hydrography Dataset (NHD) Feature Types
· Revised Cadastral Model from FGDC Cadastral Subcommittee
· National Response Plan Categories
· Homeland Security Infrastructure Protection (HSIP) Feature Types
· Data Types for Feature Classification via Multiple Taxonomies
· Land Cover Classification from NASA
· Land Use Classification from American Planning Association (APA)
· FGDC and ISO Geospatial Metadata
Comments on version 1.2 were also solicited on the (FGDC) web site.  Version 2 of the DHS GDM changed in response to these comments, and from review of additional sources:
· HSIP version 2

· Comments on HSIP version 2

· Revised CadNSDI model from FGDC Framework Cadastral Subcommittee
· DHS Office of Infrastructure Protection IP Feature Taxonomy

· National Information Exchange Model (NIEM) version 2
Feature definitions in the model were harmonized to remove duplicate definitions for any one type of geospatial feature.  In many cases this involved adding attributes to feature definitions in the FGDC Framework models.  GDM packages were renamed to reflect these feature definition changes.  
Version 2.5 of the Geospatial Data Model is more closely aligned with the National Information Exchange Model (NIEM) to reflect version 2.0 of the NIEM data model.  The GDM was redesigned to match the naming and design rules set forth in NIEM naming and design rules draft version 1.2; http://www.niem.gov/files/NIEM-NDR.pdf.  It includes all of the types from the NIEM Core, Appinfo, Structures, and XSD schemas.  Components from the Common Component Library package that were not directly or indirectly used in other model pacakges were eliminated.  Components from the Common Component Library package were replaced with NIEM Core components where they existed.  Supplementary attribution was incorporated into the GDM by making the NIEM structures:ComplexObjectType the root of the GDM object hierarchy, and by adding the NIEM structures:SimpleObjectAttributeGroup to derivations of simple types and enumerations.  UML compositions, aggregations, and associations were replaced by classes derived from NIEMCore:AssociationType, so they are no longer represented graphically.
Version 2.6 of the Geospatial Data Model was enhanced with additional features and attributes from

· The International Association of Fire Chiefs (IAFC) v3.1 model
· DHS Office of Infrastructure Protection IP Feature Taxonomy version 3

Version 2.7 of the Geospatial Data Model was updated and crosswalked with HSIP v3 of 2008.  The GDM version 2.7 is available for download in the following forms from

http://www.fgdc.gov/participation/working-groups-subcommittees/hswg/dhs-gdm/index_html 

  :

· Enterprise Architect UML Model

· UML v1.3 XMI v1.1 export

· UML v2.1 XMI v2.1 export

· ISO 11179 data dictionaries in XML and HTML

· Enterprise Architect HTML Report

· Oracle Spatial Implementation SQL DDL

· Geography Markup Language Schemas

2
Geography Markup Language (GML) Introduction

The following introduction to GML, and GML standards documents, including OGC 07-037 for GML version 3.2.1 upon which the GML implementation of the DHS GDM is based, may be found at http://www.opengeospatial.org/standards/gml.

“The OpenGIS® Geography Markup Language Encoding Standard (GML) The Geography Markup Language (GML) is an XML grammar for expressing geographical features. GML serves as a modeling language for geographic systems as well as an open interchange format for geographic transactions on the Internet. As with most XML based grammars, there are two parts to the grammar – the schema that describes the document and the instance document that contains the actual data.”
”A GML document is described using a GML Schema. This allows users and developers to describe generic geographic data sets that contain points, lines and polygons. However, the developers of GML envision communities working to define community-specific application schemas [en.wikipedia.org/wiki/GML_Application_Schemas] that are specialized extensions of GML. Using application schemas, users can refer to roads, highways, and bridges instead of points, lines and polygons. If everyone in a community agrees to use the same schemas they can exchange data easily and be sure that a road is still a road when they view it.”

“Clients and servers with interfaces that implement the OpenGIS® Web Feature Service Interface Standard[http://www.opengeospatial.org/standards/wfs] read and write GML data. GML is also an ISO standard (ISO 19136:2007) [www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=32554 ].
See also the GML pages on OGC Network: http://www.ogcnetwork.net/gml.“

Section 7.1.3 “XML Schema definition of GML language“of 07-036 describes some of the basic additional GML conventions as follows:
“The GML schema consists of W3C XML Schema components that define types and declare 

· XML elements to encode GML objects with identity, 

· XML elements to encode GML properties of those objects, and 

· XML attributes qualifying those properties. 

A GML object is an XML element of a type derived directly or indirectly from gml:AbstractGMLType. From this derivation, a GML object shall have a gml:id attribute. 

A GML property shall not be derived from gml:AbstractGMLType, shall not have a gml:id attribute, or any other attribute of XML type ID. 

An element is a GML property if and only if it is a child element of a GML object. 

A GML object shall not appear as the immediate child of a GML object. 

Consequently, no element may be both a GML object and a GML property. 

All XML attributes declared in the GML schema are defined without namespace, the only exception is the gml:id XML attribute. 

NOTE The use of additional XML attributes in a GML application schema is discouraged. “
GML objects are represented lexically by XML elements in UpperCamelCase.  GML properties are represented lexically by XML elements in lowerCamelCase.  GML properties of simple types are represented in-line.  GML properties that contain GML objects of complex types may be represented in-line, or referenced remotely via simple XLinks.
Section 7.1.1 “GML Model and Syntax” provides a summary description:

“The result is a layered XML document, in which XML elements corresponding to features, objects or values occur interleaved with XML elements corresponding to the properties that relate them. The function of a feature, object or value in context can always be determined by inspecting the name of the property element which directly contains it, or which carries the reference to it. “

“NOTE 3 This encoding pattern is sometimes referred to as the ―object-property model― and has been the basis of the GML encoding model since the first version was adopted by OGC. While in some cases this encoding pattern adds extra levels of elements in instance documents it also provides significant benefits: It helps to make a GML instance document understandable on its own, provides a predictable structure and avoids too heavy reliance on XML Schema ... “   
Appendix A below contains references to the GML standards documents, to additional information on Geography Markup Language and to the other standards and specifications on which GML is based.

3
GDM Structure and its GML Implementation
The GDM implementation in GML follows GML conventions including the object-property model described above, and contains property type definitions for both GDM object types, and for a few object types from external standards that do not follow this model.  

GDM association classes are implemented using properties of type gml:ReferenceType for association roles.  The gml:ReferenceType only allows remote reference via a simple XLink.  All associations are implemented with bi-directional visibility.  GDM association classes that have no properties other than references to two other classes are implemented as association role properties of the two classes, each referencing the other class.  There is no separate GML construct for the association class itself.  

GDM association classes that have more than two properties, whether references to other classes or non-reference properties of the association, e.g. OrganizationContactInformationAssociation in NIEMCore, are implemented as extensions of the NIEMCore AssociationType as GML objects.  The GML association role reference properties of such association classes refer to the associated GML features or objects.  The GML association role reference properties of the related GML features or objects refer to the associaion class object, rather than to each other.  

The DHS Geospatial Data Model contains five primary packages, ExternalComponentLibrary, CommonComponentLibrary, HomelandSecurityFeatureBase, HomelandSecuritySectors and HomelandSecurityOperations, as shown in the following MindMap diagram.
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GML Schemas for GDM packages reside in a directory structure that mirrors the GDM package structure.  Each GML schema declares a target XML namespace and associateed namespace prefix.  Each GML schema for a package with implemented sub-packages imports the GML schemas for those packages, declares their namespaces, and uses their associated namespace prefixes.  Some GML schemas for GDM packages at upper levels of the package hierarchy contain nothing else; they make no XML type or element definitions.  Other GML schemas for GDM packages define simple and complex XML types and elements.  
Many of these type definitions use type definitions from GML schemas from other parts of the GDM package hierarchy.  In addition, some of these type definitions use simple type definitions from niem-core.xsd and from enumerations and code lists included in NIEM that were created by external authorities.  GML schemas for GDM that use types from other schemas import those schemas, declare their namespaces, and use their associated namespace prefixes.

Appendix B below provides a reference table of the GDM GML schemas, namespaces, and namespace prefixes.

The ExternalComponentLibrary package contains code lists and geospatial data models from external standards.  Model components from the ExternalComponentLibrary package are used in and may be used to supplement or exchange geospatial features from the other packages.  The ExternalComponentLibrary.xsd GML schema for this package does not provide direct implementations for the contents of the ExternalComponentLibrary package or its sub-packages:

· CommonAlertProtocol

· DistributionElement

· CSDGM

· ISOMetadata

· CodeLists

· Geospatial

Instead, it contains GML property type definitions for a few object types from external standards that do not follow the GML object-property model.

The CommonComponentLibrary package includes sub packages that define the geospatial feature model used for all features in the GDM, in conformance with ISO TC211 standards, and the data types, basic types, geometry and topology models used to represent those features.  It also includes commonly used NIEM data structures, and standard metadata models.  The GML schemas for the DHS GDM provide direct implementations for all of the types in the following CommonComponentLibrary package sub-packages:

· DataTypes

· ComplexTypes

· Feature

· LinearReferencing

· Metadata

· AccessControlMetadata

· NIEM

· GDMExtensions

· NIEMCore

· Object

The NIEMCore.xsd schema provides implementations of NIEM complex types and unions of simpe types.  GML schemas for the GDM are not provided for types in the following packages:

· CodeListsAdapters 

· Appinfo

· Structures

· XSD

· NIEMGeospatialAdapters

· CodeLists

· SimpleTypes

· Geometry

· ImplementationConfiguration

· Topology

· EO12958 
Types defined in these packages are referenced in external schemas, including those of GML, NIEM, XML/Schema, FGDC, ISO, and other external authorities.  GML and XLinks schemas are referenced online from http://schemas.opengis.net.  Schemas as used in NIEM v2.0 are included under the NIEM package directory to support these external references.  For example, the simple types in niem-core.xsd are referenced by complex types in NIEMCore.xsd and other GML schemas for the GDM.
The HomelandSecurityFeatureBase package includes a reorganized and extended version of the FGDC framework models for the 7 framework themes of the National Spatial Data Infrastructure (NSDI).  See http://www.fgdc.gov/nsdi/nsdi.html.   Packages have been added for base map features for geospatial context, environmental features, infrastructure base features, and transportation pipelines, trails and routes.  Surface transportaiton and environmental features were moved out of the air transportation package and put in the environmental and road transportation packages.    The GML schemas for the DHS GDM provide direct implementations for all of the types in the HomelandSecurityFeatureBase package and sub-packages:

· BaseMap
· CadastralNSDI

· CadastralCodeLists

· Elevation

· Environmental

· GeodeticControl

· GovernmentalUnits

· AdministrativeUnitFeatures

· GovernmentalUnitFeatures

· OtherUnitFeatures

· StatisticalUnitFeatures

· Hydrography

· Infrastructure

· Orthoimagery

· Transportation

· Air

· Pipelines

· Rail

· Roads

· Route

· Trails

· Transit

· TransportationBase

· Waterways

The HomelandSecuritySectors package includes infrastructure protection features for the National Response Plan categories and DHS Office of Infrastructure Protection taxonomy.  These features are based on the Infrastructure, Hydrography, and Transportation features in the Homeland Security Feature Base package.  The GML schemas for the DHS GDM provide direct implementations for all of the types in the HomelandSecuritySectors package and sub packages:

· AgricultureAndFood
· BankingAndFinance

· ChemicalAndHazardousMaterialsIndustry

· CommercialFacilities

· PublicVenues

· Dams

· DefenseIndustrialBase

· EmergencyServices

· Energy

· GovernmentFacilities

· EducationalFacilities

· HealthcareAndPublicHealth

· InformationTechnology

· NationalMonumentsAndIcons

· NuclearFacilities

· PostalAndShipping

· Telecommunications

· Transportation

· Air

· Rail

· Roads

· Transit

· Waterways

· Water
The HomelandSecurityOperations package includes geospatial features for two DHS mission domains; EmergencyManagement and InternationalTrade.  Domain specific geospatial features to support the other mission domains will be included in a future version of the GDM.  The GML schemas for the DHS GDM provide direct implementations for all of the types in the HomelandSecurityOperations packages.
4
Planning your GDM GML Data Exchange

The DHS GDM is intended to facilitate data sharing by identifying and providing a model for geospatial information of use to DHS and its partners in mission domain operations.  These partners and other providers of information that will be loaded into DHS Geospatial Data Warehouses will need to map existing data models to the GDM, identify appropriate data migration mechanisms, use those mechanisms to Extract, Transform, and Load (ETL) data from existing data sources into the GDM, and, once DHS begins to share GDM data with its partners, to reverse the data flow.  The ETL process may require conversion of non-GML data into GML, and will require transformation from non-GDM to GDM data models.  The following steps should help you plan a successful data exchange from an existing data source to GDM in GML.
· Identify models, sources, and uses of data to be exchanged using the GDM.  For example, the following diagram maps data from a Homeland Security Infrastructure Protection (HSIP) Refinery feature to GDM classes.
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· Decide how to transfer data between non-GML sources and applications and GDM GML
a. Can existing GIS or spatial databases export GML?
b. Can existing GIS or spatial databases serve GML features through an OGC Web Feature Service (WFS) interface?
c. Can existing GIS or non-Oracle databases export data to text files?
d. Can you or your organization write GIS or SQL scripts or XSLT stylesheets or computer programs to transfer data?
· Decide how to convert geometries in non-Oracle sources to Oracle SDO_Geometry

a. Can existing GIS or spatial databases convert native geometries to GML geometries?

b. Can existing GIS or spatial databases export Geometries to 
i. Well Known Binary (WKB) format, as defined by the Open Geospatial Consortium (OGC) and the International Organization for Standardization (ISO).

ii. Well Known Text (WKT) format, as defined by the OGC and ISO
iii. Text files in a non-standard form

· Decide where to convert from non-GDM data models into GDM GML
a. In existing GIS or spatial databases with GIS or SQL scripts

b. In computer programs for data transfer and transformation 
· Decide on a GDM GML instance document structure for your GDM GML data

a. In a single XML document with a GDM GML DataSet element as the document root.  An example of such a document containing a single feature is provided in RefineryDataSetDocument.xml.  It is best viewed in an XML editor or web browser.
b. In multiple XML documents whose GML elements are related via XLinks

· Select a small sample of geospatial feature layers with a variety of geometry types (point, line, polygon) from those you initially identified

· Map the models for those sample features to the corresponding geospatial features and other tables in the GDM GMLl schema
· Prototype and test the data transfer and transformation mechanisms you have selected on data for the geospatial feature layer samples 
· Revise your approach if necessary

· Map the rest of the your models to the corresponding geospatial features and other tables in the GDM GML schema
· Develop and run the necessary data transfer and transformation mechanisms you have selected 
· Validate your GDM GML data with an XML parser such as Saxon, Xerces, or MSXML
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Appendix B – Schema, Target Namespace, Prefix Reference
	Schema
	Target Namespace
	Prefix

	GDMv251.xsd
	http://dhs.gov/gdm/2.5.1
	gdm

	CommonComponentLibrary.xsd
	http://dhs.gov/gdm/2.5.1/ccl/2.5.1
	ccl

	DataTypes.xsd
	http://dhs.gov/gdm/2.5.1/CommonComponentLibrary/dtt/2.5.1
	dtt

	ComplexTypes.xsd
	http://dhs.gov/gdm/2.5.1/CommonComponentLibrary/DataTypes/cmp/2.5.1
	cmp

	Feature.xsd
	http://dhs.gov/gdm/2.5.1/CommonComponentLibrary/ftr/2.5.1
	ftr

	LinearReferencing.xsd
	http://dhs.gov/gdm/2.5.1/CommonComponentLibrary/lnr/2.5.1
	lnr

	Metadata.xsd
	http://dhs.gov/gdm/2.5.1/CommonComponentLibrary/mtd/2.5.1
	mtd

	AccessControlMetadata.xsd
	http://dhs.gov/gdm/2.5.1/CommonComponentLibrary/Metadata/acc/2.5.1
	acc

	NIEM.xsd
	http://dhs.gov/gdm/2.5.1/CommonComponentLibrary/niem/2.5.1
	niem

	ansi_d20.xsd
	http://niem.gov/niem/ansi_d20/2.0
	ansi_d20

	ansi-nist.xsd
	http://niem.gov/niem/ansi-nist/2.0
	ansi-nist

	apco.xsd
	http://niem.gov/niem/apco/2.0
	apco

	atf.xsd
	http://niem.gov/niem/atf/2.0
	atf

	census.xsd
	http://niem.gov/niem/census/2.0
	census

	dea.xsd
	http://niem.gov/niem/dea/2.0
	dea

	dod_jcs-pub2.0-misc.xsd
	http://niem.gov/niem/dod_jcs-pub2.0-misc/2.0
	dod_jcs-pub2.0

	dod_misc.xsd
	http://niem.gov/niem/dod_misc/1.0
	dod

	edxl.xsd
	http://niem.gov/niem/edxl/2.0
	edxl

	edxl-cap.xsd
	http://niem.gov/niem/edxl-cap/2.0
	cap

	edxl-de.xsd
	http://niem.gov/niem/edxl-de/2.0
	edxl-de

	eo-12958.xsd
	http://niem.gov/niem/eo-12958/1.0
	eo-12958

	csdgm.xsd
	http://niem.gov/niem/external/fgdc-csdgm/1.0.0/dhs-gmo/1.0.0
	csdgm
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