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Preface

The GEOSS Core Architecture for exchange and dissemination of observations consists of the GEO Web Portal, Clearinghouse, and Registry components along with a process to register, discover and use services accessible using GEOSS Interoperability Arrangements.

During 2007, the GEO Architecture Data Committee (ADC), through its core tasks, has guided development of an Initial Operating Capability (IOC) of the GEOSS Core Architecture.  Results of the development were demonstrated to multiple GEO members in September 2007, including use of the services for several Societal Benefit Areas.

This report provides an evaluation of the IOC with a particular focus on pilot-level versions of several GEO Web Portals, Clearinghouses and Registries.  It is anticipated that this report will be used for future phases of GEOSS development.

This report captures a work in progress.  The report provides descriptions of the implementations that have been achieved to date as well providing recommendations on how the implementations should continue.
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GEOSS Core Architecture Implementation Report 
1 Introduction 

1.1 Scope

This GEO document reports on the definition, deployment and demonstration of the GEOSS Core Architecture for exchange and dissemination of observations.  These activities were conducted as elements of the GEO ADC Core Tasks AR-07-01 “Enabling Deployment of a GEOSS Architecture” and AR-07-02 “Architecture Implementation Pilot”.

This report is a deliverable for the following elements of GEO Task AR-07-02:

1. Request and recommend to the ADC approaches for hosted solutions for a GEOSS Clearinghouse to provide search and additional services of GEOSS services and resources;

2. Request and recommend to the ADC approaches for hosted solutions for a GEO Web Portal to support GEO-wide content management, SBA community collaboration space, and user interface access to Clearinghouse and registered GEOSS resources.

The report includes descriptions of implementations accomplished in the Federated Earth Observation (FedEO) Pilot that support the GEOSS AI Pilot.

1.2 Document contributors

All questions regarding this document should be directed to the editor or the contributors:

	Name
	Organization

	George Percivall (GP)
	Open Geospatial Consortium (OGC)

	Josh Lieberman
	OGC and Traverse Technologies

	Ingo Simonis (IS)
	OGC and Geospatial Research

	Doug Nebert (DN)
	USA/USGS/FGDC

	Mirko Albani
	European Space Agency (ESA)

	Steven Browdy
	IEEE and OMS Tech, Inc.

	Marten Hogeweg
	ESRI

	Robert Thomas
	Compusult

	Michel Millot
	European Commission - JRC

	Mohamed Habbane 
	Canada/NRCan

	Pier Giorgio Marchetti
	ESA

	Siri Jodha Singh Khalsa
	IEEE and CIRES

	Jolyon Martin
	ESA

	Corentin Guillo
	EADS ASTRIUM


1.3 Revision history

	Date
	Release
	Editor
	Primary clauses modified
	Description

	2007-10-22
	0.1
	GP
	Initial version
	

	2007-10-29
	0.2
	GP & IS
	Added Portal section 7
	The Portal section now contains a draft version from the Portal WG.  All other sections have been review at least once by the AIP Plenary. 

	2007-11-06
	0.3
	GP
	Edits in multiple clauses
	Implemented comments from for final Task Team version.

	2007-11-12
	0.9
	GP
	Edits in multiple clauses
	All sections of the document agreed to by the AI Pilot plenary except for Clearinghouse Testing section which will be updated

	2007-11-19
	1.0
	GP & DN
	Clearinghouse Testing
	All sections complete and agreed by AI Pilot plenary


References 

The following documents are referenced in this document using the format of “[CFP]”.  A bibliography is provided at the end of this document for items of relevance that are not referenced in the text.

[CFP]
Architecture Implementation Pilot - Call for Participation (CFP), GEO Task Team AR-07-02, CFP Issuance Date: 13 April 2007
 http://www.earthobservations.org/docs/CFP_GEOSS_AR-07-02_11.4.2007.pdf   

[STG]
Strategic Guidance Document, GEO Architecture and Data Committee, 2007 ftp://ftp.wmo.int/Projects/GEO/GEO-IV/25_Strategic%20Guidance%20Document.pdf
[TCT]
Tactical Guidance Document, GEO Architecture and Data Committee, 2007 
ftp://ftp.wmo.int/Projects/GEO/GEO-IV/24_Tactical%20Guidance%20for%20current%20and%20potential%20contributors%20to%20GEOSS.pdf
[SIF]
Standards and Interoperability Forum - Terms of Reference, Draft, version 1.1
[JRC]
Software for Distributed Metadata Catalogue Services to Support the EU Portal - Final report, Ioannis Kanellopoulos, European Commission, Joint Research Centre (DG JRC) and Kristian Senkler, con terra GmbH; EUR 22337 EN; ISSN 1018-5593, Version 1.1, Last revision 2006/8/28, http://inspire.jrc.it/reports/DistributedCatalogueServices_Report.pdf
[CSW]
OpenGIS® Catalogue Services Specification, OGC Implementation Specification, Editors: Douglas Nebert, Arliss Whiteside, Panagiotis (Peter) Vretanos, Date: 2007-02-23, OGC Document Number 07-006r1, Version 2.0.2, Corrigendum 2 
http://www.opengeospatial.org/standards/cat
[IEEE]
ISWG Report on Earth Observation Portals, to be released by IEEE, 4th quarter 2007

[ISO 19135]
Geographic information – Procedures for item registration, International Organization for Standardization, ISO International Standard 19135:2005
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=32553 
[O&M]
Observations and Measurements, OGC Best Practice, Open Geospatial Consortium Inc., Date: 2006-09-21, OGC document: 05-087r4, Version: 0.14.7 

Terms and definitions

The following terms and definitions apply.

3.1 Component

Part of GEOSS contributed by a GEO Member or Participating organization. Components expose service interfaces to provide access to earth observation-related functions and/or data. 

3.2 GEOSS Clearinghouse
Component that provides access to a network of catalogues and registries that conform to identified catalogue service and metadata standards.

3.3 GEO Web Portal
Website that provides access through standard interfaces to the GEOSS Clearinghouse and other GEOSS services and information. 

3.4 Interoperability
The ability to link two or more components/services to execute a particular task that spans those components without knowledge of underlying implementation. Interoperability may be addressed at the component level and/or defined at the service interface level through the adoption of common standards. 

3.5 Observation (noun)
Act of observing a property or phenomenon, with the goal of producing an estimate of the value of the property. A specialized event whose result is a data value.  [O&M]

3.6 Register 

Set of files containing identifiers assigned to items with descriptions of the associated items [ISO 19135]

3.7 Registry 

Information system on which a register is maintained (and accessed) [ISO 19135]

3.8 Service
Functionality provided by a component through component system interfaces. Services communicate primarily using structured messages, based on the Services Oriented Architecture view of complex systems. 
2 Abbreviated terms 

The following abbreviated terms are used in this document:

ADC
Architecture and Data Committee (of GEO)

AIP
Architecture Implementation Pilot

CBC
Capacity Building Committee (of GEO)
CSW
Catalogue Service for the Web (part of OGC Catalogue standard)

ESA
European Space Agency

GEO
Group on Earth Observations (GEO)

GEOSS
Global Earth Observing System of Systems

HMA
Heterogeneous Earth Observation Missions Accessibility
IOC
Initial Operating Capability
SOA
Service Oriented Architecture

TBD
To Be Defined

UIC
User Interface Committee (of GEO)

GEOSS Architecture 

2.1 Overview and summary

In 2007, an Initial Operating Capability was established and tested for the Core Architecture for exchange and dissemination of observations for GEOSS.  The Core Architecture consists of the GEO Web Portal, Clearinghouse, and Registry components along with processes to register, discover and use services accessible via GEOSS Interoperability Arrangements.

Results accomplished for the IOC:

· An architecture has been established for GEOSS in terms of a set of component types, the functional requirements for interaction between the components, and standards for the interactions. (See Section 5.3)

· Demonstration of the core architecture was accomplished and recorded, showing: 1) the service registration and discovery process, 2) application of the architecture to eight societal benefit area scenarios, and 3) use of the portal candidates.  Screencast videos of the demonstrations are available on-line: http://www.ogcnetwork.net/AIPdemos
· An Initial Operating Capability has been established for GEOSS.  An on-line site describing the IOC has been developed (http://www.ogcnetwork.net/GEOSS_IOC).  It is recommended that the IOC web presence be hosted on a GEO web site, e.g., http://earthobservations.org. (See Section 5.2)

· At the date of the publication of this report, the Components registry contained 60 components; the Services Registry contained 70 services. (See Section 5.2)

· Standards for services and encodings are recommended to be GEOSS Interoperability Arrangements based upon interoperability testing in the Architecture Implementation Pilot (See Section 5.6)

· The Core Architecture has been developed to be consistent across various GEO tasks, e.g., the core architecture is consistent with the GEOSS Strategic Guidance Document [STG] and the GEOSS Tactical Guidance Document [TCT].

· A number of organizations are capable of providing workable GEO Web Portal solutions. Adherence to standards is of uttermost importance to ensure interoperability between the various GEOSS components, in particular GEO Web Portal, GEOSS Registries and GEOSS Clearinghouse. (See Section 7).

· The continuous dialogue with end users of the portal will help to further improve the GEO Web Portal in the future. One of the important issues already raised by end users was customization of the portal. (See Section 7).

· GEOSS Registries have been established for Components, Services, and Standards. Interoperability between the Clearinghouse and the Service Registry has been tested successfully.  Additional GEOSS registry development is anticipated for user requirements, best practices and other items. (See Section 6).
· Instances of the GEOSS Clearinghouse and Community Catalogues were reviewed and tested.  Implementation results and associated analysis are the basis for several recommendations for future development. (See Section 6).
Steps to be accomplished in future development:

· Future development should begin with defining scenarios for decision support needs of GEOSS Societal Benefit Areas.   The core architecture should then be refined based upon these needs as defined by the GEO Committees (in particular the UIC), Communities of Practice and other relevant GEO Tasks.

· Operational requirements should be identified including decisions on resources allocation, commitments, persistency and governance that recognize and supplement the voluntary contribution nature of GEO. 
· Operational roles for the core components need to be clarified.  Some questions to be addressed are: will there be a single GEO Web Portal, how will the Clearinghouse become operational, how will content development and management be accomplished, who will provide support to interested contributors during the registration and operation (help desk)? 

· Architecture definition should continue, including: development of scenarios using an enterprise modeling approach; further definition of workflow for observation processing and decision support; and, extend the architecture to include observation nodes to support such use cases as inter-calibration.

2.2 Initial Operating Capability

An Initial Operating Capability (IOC) has been established for GEOSS as of November 2007.  Using the IOC, demonstrations were developed and captured to portray the IOC functionality for several societal benefit areas. Users can access the GEOSS IOC functionality through the GEO Web Portal Candidates, Community Portals and Decision Support Clients. Providers can register their services as part of the IOC at the GEOSS registry system.

The IOC version of the Components registry contained 56 components; the Services registry contained 68 services.  The IOC components are listed in Annex B of this document.
An on-line site describing the IOC has been developed
.  It is recommended that the IOC web presence be hosted on a GEO web site
. 

The GEOSS IOC has been developed by GEO Members and Participating Organizations, predominantly by activities of the following GEO Tasks:

· GEO Registry Deployment - GEO Task AR-07-01

· GEOSS Interoperability Process Pilot Project (IP3) - GEO Task AR-07-01

· GEOSS Architecture Implementation Pilot (AI Pilot) - GEO Task AR-07-02

2.3 Engineering viewpoint of the GEOSS architecture

An architecture was defined in the AI Pilot Call for Participation (CFP), Annex B, including an Engineering Viewpoint of the architecture (Figure 1).  The Engineering viewpoint of the architecture is useful for managing the development.  Services are the main method for component interactions.  The Engineering Viewpoint has been initially validated as it has been successfully used to organize the registered component instances and the component types have been used to define use cases for interactions based upon services. 
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Figure 1 – GEOSS Architecture - Engineering Viewpoint

Figure 1 was implemented in 2007 through the registration and testing of component instances that interact via services using GEOSS Interoperability Arrangements.  The Component Instances are listed in an annex to this document.  The Services are described in Section 5.6. The Core Architecture supports a Publish-Find-Bind process described in Section 5.4.

The Core Architecture is composed of these components: GEO Web Portal, GEOSS Registries, and the GEOSS Clearinghouse.  The Core Components were subject to specific evaluation to develop recommendations for further development.  Evaluation of the Portal and the Registry/Clearinghouse compose the main results in this document.
Component types in Figure 1 were validated but update of the architecture will be required for subsequent phases of the AI Pilot:

· Numerous Community Portals were registered for the IOC and used in the demonstration scenarios.  Future activities should enable user discovery of community portals and continue to increase access from community portals to GEOSS services.

· The “Business Process” layer should be renamed, perhaps to “Information Management” or “Integrative Services.”

· Registries should be expanded to explicitly include the Standards, Components, and Services Registries as disks on the left center of the diagram.

· Reconsider if Community Catalogues belong in the middle or bottom tier.

· Within the Data Access layer, an additional component type should be added: “Geographic Information Access Services”.  Component instances currently listed in the Other Services for the Data Access layer would be moved to such a new component type. 

· The GEOSS IOC did not utilize Portrayal Services.  It is anticipated that these components will be used in the future and therefore the component type should be retained.

· A lower layer should be added to the diagram to show components that acquire observations, e.g., satellites, airborne, land and ocean sensors.  Components in this new layer should also include tasking of the sensors and should support an inter-calibration scenario.  Coordinate this with the GEO sensor web task.

· Functionality for requesting a future observation. This functionality should include multiple requests for observations of a current event in a specific geographic location, e.g., fires.  The GEOSS system should support consolidation of requests into fewer number of requests the meet the needs for multiple decision makers.

· Functionality developed in the FedEO Pilot (See section 5.7) and demonstrated in the Oil Spill scenario should be considered for future GEOSS developments.

A potential source for refining Engineering Viewpoint architecture is ISO/TS 19101-2, Geographic information – Reference model – Part 2: Imagery (See Bibliography item [3]).  The engineering viewpoint diagram from 19101-2 is shown in Figure 2.
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Figure 2 – ISO/TS 19101-2 Engineering Viewpoint

2.4 Publish, find and bind process for GEOSS

A common design pattern in Service Oriented Architectures is known as Publish-Find-Bind.  Figure 3 shows how this pattern is applied in the GEOSS Core Architecture.  Later sections of this report explain how the individual components implement this pattern.

[image: image3.jpg]Publish-Find-Bind

User Interface GEOSS
[Portal or Client| Clearinghouse

GEOSS
Registries

Other
Service

2. Harvest

3. Search Request
f;9-Search Naquest: |

4. Search Response

5. Compose
Request

6. Service Request

(A, 2. Search)

1. Register

7. Service Response





Figure 3 – Publish-Find-Bind for GEOSS

The GEOSS registries includes mechanisms to register components and have them approved by the GEO Secretariat, to register services and associate them with GEOSS-recognized standards -- and special arrangements for implementations using non-recognized approaches.  A taxonomy of standards types is also proposed to assist in the discovery and classification of GEOSS service implementations.

The detailed implementation of Figure 3 is provided in Sections 5.5 and 6.4.

2.5 GEOSS Interoperability Process

The Publish-Find-Bind pattern is supported in GEOSS by several registries and organization processes (Figure 4).  GEOSS registries have been created for components, services and standards.  GEOSS Interoperability is based on non-proprietary, open standards. Rather than defining new specifications, GEOSS adopts standard specifications agreed upon voluntarily and by consensus, with preference given to formal international standards such as ISO.
[image: image4.wmf]





Figure 4 – Interactions of the GEOSS Registries, Portal and Clearinghouse 
GEOSS processes have been created for the registration of components, services and standards supported by the Standards and Interoperability Forum (SIF). The primary function of the SIF is to address situations where GEOSS components cannot interoperate using one of the registered standards or other interoperability arrangements [SIF]. The SIF provides advice, expertise and impartial guidance on issues relating to standards and interoperability for GEOSS. The SIF’s goal is enabling ever greater degrees of interoperability among GEOSS components through facilitation, technical analysis, advocacy and education  
2.6 Interoperability arrangements

The GEOSS 10-Year Implementation Plan ("5.3 Architecture and Interoperability", page 7) states: 

The success of GEOSS will depend on data and information providers accepting and implementing a set of interoperability arrangements, including technical specifications for collecting, processing, storing, and disseminating shared data, metadata, and products. GEOSS interoperability will be based on non-proprietary standards, with preference to formal international standards. Interoperability will be focused on interfaces, defining only how system components interface with each other and thereby minimizing any impact on affected systems other than where such affected systems have interfaces to the shared architecture. 

Communications between the Components of Figure 1 are accomplished using Services hosted by the node.  Services communicate using GEOSS Interoperability arrangements.  GEOSS Interoperability arrangements are based on international standards or on special arrangements. 

Candidate Standards for GEOSS Interoperability Arrangements for services are listed in Table 1.  The candidate Interoperability Arrangements Standards listed in Table 1 are only those service standards used in the IOC.  The table here is not intended to replace the list of service standards in the AI Pilot CFP.  

Table 1 – Candidate Interoperability Arrangement Standards for Services

	GEOSS Interoperability Arrangement 
	Version

	ISO 23950
	Not specified

	OASIS Universal Description, Discovery, and Integration (UDDI)
	Not specified

	OASIS WS Eventing 
	Not specified

	OASIS WS Notification
	Not specified

	OGC Catalogue Service (CSW and Z39.50)
	2.0.1

	OGC Catalogue Service (CSW and Z39.50)
	2.0.2

	OGC Sensor Observation Service 
	1.0.0

	OGC Sensor Planning Service 
	1.0.0

	OGC Web Coverage Service 
	1.1

	OGC Web Coverage Service 
	1.0

	OGC Web Feature Service
	1.1

	OGC Web Map Service
	1.0

	OGC Web Map Service
	1.1.1


While services provide for the interoperable exchange of information between components, agreement is also needed about the content of the information that is exchanged in order to achieve interoperability.  The GEOSS Standards Registry lists abstract content standards supporting agreement about the information concepts, relationships and semantics.  The abstract content standards are implemented into encoding standards that are used in services to exchange content.

Candidate Standards for GEOSS Interoperability Arrangements for encoding are listed inTable 2.  The candidate Interoperability Arrangements Standards listed in Table 2 are only those encoding standards used in the IOC.  The table here is not intended to replace the list of service standards in the AI Pilot CFP.
Table 2 – Candidate Interoperability Arrangement Standards for Encodings

	GEOSS Interoperability Arrangement 
	Version

	OASIS Common Alerting Protocol
	1.1

	OASIS Business Process Execution Language (BPEL)
	Not specified

	OGC Geography Markup Language
	2.1

	OGC Geography Markup Language
	3.1.1

	OGC Web Map Context Documents
	1.1

	GeoRSS
	Not specified


2.7 Federated Earth Observation Pilot

The Federated Earth Observations (FedEO) Pilot was conducted in conjunction with and support of the GEOSS Architecture Implementation Pilot (AIP).  The FedEO pilot used and extended the GEOSS AIP Architecture with additional services: 

· Product Programming: feasibility analysis of EO future products i.e. to check whether the request can be fulfilled considering the satellite and sensor characteristic, meteorological conditions and mission workload. 
· Service Orchestration: service to design and execute chained services as workflows. The workflow is implemented using OASIS Business Process Execution Language (BPEL).
· Processing Services: numerous services types that process EO data into forms needed by end users, e.g., algorithms, calculations or models that operates on spatially referenced data.
· Orthorectification and re-projection services: processing services combine relief effects corrections and geo-referencing with high location accuracy.
· Order: service for users to place orders for the EO products and for subscriptions from the on-going missions.
These FedEO functions make use of profiles of several OGC standards: Catalogue, Geography Markup Language, Sensor Planning Service, and Web Map Service (See Bibliography)
The Oil Spill Scenario demonstrated several of the FedEO Pilot unique functionalities.

The FedEO functions are recommended for consideration when extending the GEOSS Architecture in the next phase of the AIP.

For further information about FedEO see the Bibliography item [16]. 
3 Registry and clearinghouse workflow 

3.1 Overview and summary 

In 2007, the GEOSS Registry and Clearinghouse were established and tested as part of the Initial Operating Capability.  This section describes the both the registry and clearinghouse along with their interactions.  For the GEOSS Clearinghouse as set of candidates were tested and a set of requirements used for discussion of clearinghouse candidates.  
· An architecture for the GEOSS Registries and Clearinghouse has been deployed and tested with prototype component and service instances.  The architecture and the operational instances constitute an Initial Operating Capability (IOC) (See Section 5.2 for a description of the IOC).

· GEOSS Registries have been established for Components, Services, and Standards.  These Registries are operational with defined processes for user and system interactions. Additional GEOSS registry development is anticipated for user requirements, best practices and other items.  Interoperability between the Clearinghouse and the Service Registry has been tested successfully. 

· Testing of Clearinghouse to Community Catalogues was conducted with additional testing needed in the future to reach a level of interoperability suitable for GEOSS.  For the next phase of development, the CSW 2.0.2 specification should be used for interaction between the GEO Portal and the GEOSS Clearinghouse, whereas Z39.50 and various versions of CSW are still required for interaction between GEOSS Clearinghouse and Community Catalogues.  Initially deployment should focus on using the “CSW Record” of CSW 2.0.2 for widest interoperability.  Additional analysis and testing should be conducted to evaluate the requirement for a specialized GEOSS profile (or Best Practice) – with more elements than the CSW Record – based upon query requirements across the multiple community catalogues of GEOSS.  The eventual operation of the Clearinghouse should support additional but limited set of search standards.

· It is recommended that in order to provide the best user experience, the Clearinghouse rely mainly on “harvesting” as the method to access Community Catalogues.  In some cases “distributed search” of Community Catalogues will be needed and that further analysis of the Clearinghouse server interface is required to support federated access to catalogue content from communities. (See section 6.9)
3.2 GEOSS registry system 
The GEOSS registry system
  includes mechanisms to register components and have them approved by the GEO Secretariat, to register services and associate them with GEOSS-recognized standards -- and special arrangements for implementations using non-recognized approaches, and to register the special arrangements and GEOSS-recognized standards.  A taxonomy of standards types is also proposed to assist in the discovery and classification of GEOSS service implementations.

The GEOSS registries are populated via web-based entry forms.  The forms are hosted at the Components and Services Registries and at the Standards and Interoperability Registry.  The Standards and Interoperability Registry
 also allows nominations of special interoperability arrangements via web services.  Navigation to these forms is either direct or via the GEO Portal, as shown in Figure 5.
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Figure 5 – GEOSS Registries and Clearinghouse 

When populating the registries via form entry, the GEO members and participating organizations must first complete a user registration process.  Unified registration between the registries is under development, so that registering at one of the registries satisfies the registration requirement at all registries.  Once registration is complete, GEOSS components, services, standards, and special interoperability arrangements may be entered.

The Components Registry and Services Registry support web-based entry forms for component registration and service registration.  The Services Registry provides an entry form to support nomination of a special interoperability arrangement or candidate standard related to a service being registered.  This form allows the Service Registry to build an entry for a special arrangement nomination with metadata provided, via a web service, from the Standards and Interoperability Registry.  Once the forms are completed and submitted, the Components Registry and the Services Registry are populated with the submitted component information and service information, respectively, and candidate standards or arrangements are stored in the Standards and Interoperability Registry for future action.  Submitted candidate standards and special arrangements require approval from the Standards and Interoperability Forum. 

Standards and special arrangements can also be nominated at the Standards Registry using the same form that is available at the Component and Services Registry. Once submitted, the nomination requires approval by the SIF.

Additional GEOSS registries are planned for managing GEOSS user requirements, best practices and other items.
3.3 GEOSS clearinghouse 

The GEOSS Clearinghouse serves as a broker for GEOSS Community Catalogues; it is not an authority for provider metadata.   The Clearinghouse relies on community catalogs and services for “holdings”.  In order to operate, the Clearinghouse may maintain a cache of remote metadata to support its operation.

The main functions of the GEOSS Clearinghouse (See Figure 6) are:

· Search the GEOSS Service Registry to identify candidate services that can be searched.

· Manage Community Catalogues as registered catalog services within the Clearinghouse as an active catalog list.

· Community Catalogues may either be: searched at the time of a user query or the contents of a Community Catalogues are harvested in advanced and cached locally.  (See clause 6.9 Distributed search vs. harvest trade study)

· Searches are received from GEO Web Portal, Community Portals or any other external application acting as a catalog client.

· Brief or full responses are marshaled and returned to requesting client as XML.
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Figure 6 – GEOSS Clearinghouse as shown in the AI Pilot CFP

3.4 Registry and Clearinghouse Use Case

A use case depicting coordinated activities of the Registry and Clearinghouse is shown in Figure 7 from the publishers’ point of view.  

- Providers will interface the Registry using a GUI to register components and services.

- The Clearinghouse will routinely be updated with contents of the Service Registry.

- Portals (both GEO and Community) and other clients will search the Clearinghouse through a catalog service interface, i.e., not a GUI, at a frequency dependent upon user requests.

- Searches of the Clearinghouse will accomplished through a combination of:  1) metadata held in the clearinghouse - previously harvested from remote catalogues - and 2) distributed searches to remote catalogues at the time of the users search.
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Figure 7 – Registry and Clearinghouse Use Case

Figure 7 is a UML interaction or sequence diagram that depicts the processes involved in the operation of the GEOSS Clearinghouse and Registries. This viewpoint is primarily that of a GEOSS publisher; end user interactions are not documented in this figure. Four activities are shown in the figure to highlight the publishing, registration, clearinghouse configuration, and Web Portal interactions, labeled A, B, C, and D, respectively.

In the publishing activity, “A,” a GEOSS publisher activates an online service and documents its existence or its data sources in a catalog. Activity “B” details the transactions taking place between a publisher who is registering a Component and a service and the Service and Standards registries. Activity “C” shows the GEOSS Clearinghouse discovering eligible services including catalog services in the GEOSS Service Registry and then accessing the found services directly. In some cases, the remote catalogs are set up for real-time distributed query – in others for harvesting or processing the results into a local cache. Activity “D” shows the expected interaction between a Web Portal and the clearinghouse and Component and Service registry.

3.5 Clearinghouse testing 

3.5.1 Summary of testing

Three clearinghouse implementations were tested in the initial phase of the AI Pilot: 

· Geonetwork Clearinghouse

· ESRI Clearinghouse

· Compusult Clearinghouse
The GeoNetwork Clearinghouse was initially developed using the catalog service capabilities of the GeoNetwork 2.1 public release, supporting the OGC CSW ISO Application Profile 2.0.1. Problems in the code prevented it from successfully connecting to both Z39.50 and various CSW versions, although a proprietary connection to other GeoNetwork instances was demonstrated. An alternate GeoNetwork clearinghouse candidate was created based on MySQL, Z39.50 and CSW harvesting and ingest scripts, and exposing a CSW 2.0.2 “baseline” query service interface for clients in order to prototype capabilities for a future release of GeoNetwork.

The ESRI Clearinghouse instance is based on the harvesting tools and catalogue service available with the ESRI GIS Portal Toolkit. The ESRI implementation is capable of harvesting both Z39.50 (Geospatial Profile) and CSW (ebRIM and FGDC Profiles) catalogues.  In addition to harvesting, metadata can also be manually uploaded by users with publishing privileges, or created through the web portal interface. The Clearinghouse instance is an integral part of the web portal, and exposes an OGC CSW 2.0.1 (ebRIM) and 2.0.2 (baseline) interface for other web portals and applications to query. 

The Compusult clearinghouse instance is based on the Compusult Web Enterprise Suite (WES), a web portal and catalogue solution. The WES deployment is capable of harvesting ebRIM catalogues and is also able to perform distributed search against Z39.50 and CSW catalog targets. The WES solution provides an external CSW 2.0.1 query interface for use by Web Portals and applications.
Three sets of tests were performed and are described in separate sections:

· Clearinghouse to Service Registry 

· Search of Clearinghouses by GEO Web Portal candidates 

· Clearinghouse to Community Catalogues

The next section contains the Requirements for Clearinghouse from [CFP] with a self-assessment by the providers of the clearinghouses.

3.5.2 Clearinghouse to Service Registry 

The GEOSS registry exposes OGC CSW interfaces to be accessed by other applications, including the GEOSS Clearinghouse.  Clearinghouse implementations can use the GEOSS registry to locate GEOSS catalog services as a basis for evaluation, configuration, harvest, and distributed query.

The main testing was for the Clearinghouse to retrieve metadata of Community Catalogue Services from the Service Registry using the CSW getRecords operation.  Table 3 provides a summary of the testing for each clearinghouse.

Table 3 – Test results: clearinghouses searching of service registry

	Clearinghouse
	Test Results

	Geonetwork Clearinghouse
	Metadata of all Community Catalogue Services has been retrieved from the Service Registry using CSW getRecords operation and has been registered into the GeoNetwork Clearinghouse.

	ESRI Clearinghouse 
	Metadata in the service registry are searchable through the ESRI Clearinghouse portal interface, as well as through an OGC-compliant CSW service. The CSW service supports 2.0.2 baseline, ebRIM, and ISO profiles. ESRI has implemented direct harvesting from the GEOSS CSW service  to the ESRI clearinghouse.

	Compusult Clearinghouse
	All services and components registered in the GEO service registry have been harvested by the Compusult Clearinghouse and made available through CSW catalogue interface for discovery.  Many of the registered services can be directly accessed through the Clearinghouse. If the service cannot be connected to directly via its service interface, or direct querying of a community catalog was unavailable, the Clearinghouse still provides discovery of the service and a web linkage to that service. 


3.5.3 Search of Clearinghouse by GEO Web Portal 

The GEO Web Portal searches the GEOSS Clearinghouse to discover services and information of interest to the Portal user.  As discussed in Section 6.6, several catalog service protocols were evaluated for this interface.  Participants were most interested in testing using OGC CSW.  Initial testing was done with CSW 2.0.1 with incomplete results.  Further testing has now moved to CSW 2.0.2 as the participants complete their implementation of that version.

Testing from the Portal to the Clearinghouse used the getCapabilities and GetRecords operations of CSW.   Results for the matrix of Portal-Clearinghouse pairs is reported in Table 4.

Table 4 – Test results: portals to clearinghouses 

	
	ESA-FAO Portal
	Compusult Portal
	ESRI Portal

	Geonetwork Clearinghouse 
	Compatible using CSW 2.0.1 with ebRIM and CSW common record (Dublin Core).
	CSW 2.0.1 getCapabilities connectivity works correctly. GetRecords response currently does not return records using ebRIM profile. Geonetwork is working to include ebRim profile. CSW 2.0.2 to resolve issues
	Successfully harvested the Geonetwork Clearinghouse after working closely with the Geonetwork clearinghouse operator to correct issues found in the Geonetwork Clearinghouse CSW service. 

	Compusult Clearinghouse 
	In process of testing.  See note below.
	Compatible using CSW 2.0.1 with ebRIM profile 
	Successfully harvested the Compusult Clearinghouse after working closely with the Compusult clearinghouse operator to correct issues found in the Compusult Clearinghouse CSW service 

	ESRI Clearinghouse 
	In process of testing.  See note below.
	CSW 2.0.1getCapabilities connectivity works correctly. GetRecords response returns persistent errors. 85% of issues have been resolved and upgrade to CSW 2.0.2 will resolve remainder. 
	Compatible using CSW 2.0.2 and Z39.50.


ESA successfully tested access from the ESA-FAO portal to the Geonetwork Clearinghouse.  The protocol tested was CSW 2.0.1 Dublin Core.  Both the Getrecords (HTTP/Post) and GetrecordsByID (HTTP/Get) were tested successfully, although the Geonetwork Clearinghouse had initially an issue with default namespaces in the request.  
ESA is in the process of testing also access from the ESA-FAO portal to the ESRI Clearinghouse (CSW Dublin Core) and Compusult Clearinghouse (ebRIM AP).  An issue with different MIME types returned by the Clearinghouse than expected caused a delay.

3.5.4 Clearinghouse to Community Catalogues

3.5.4.1 Overview of community catalogues

The GEOSS Clearinghouse serves as a broker to GEOSS Community Catalogues.  The Clearinghouse either harvests of searches Community Catalogues.  Community Catalogues implement a variety of search services.  From the Clearinghouse point of view it is desirable to access all Community Catalogues with a single search service.  Initial testing was done with mainly with the OGC CSW catalog service while recognizing the need to consider additional services in future testing.

Community Catalogues that are listed in the GEOSS Service Registry and/or were used in the AI Pilot Scenarios are listed in Table 5.  After Table 5 is a summary of the results of testing from the three Clearinghouses to Community Catalogues. All three Clearinghouses encountered a diversity of implementations, protocols, and results when testing to the Community Catalogues.

Table 5 – GEOSS community catalogues in service registry

	Community Catalogue
	Catalog Service Standard and Profile

	ESA HMA/FedEO Catalogue
	CSW 2.0.1 

	GEO GRATIS (Canada)
	Z39.50 “GEO” Profile

	GeoConnections Discovery Portal Web Service 
	CSW 2.0.1

	Geospatial One Stop Catalog Service 
	CSW 2.0.1 ebRIM Profile, CSW 2.0.2 “baseline”

	GI-cat Federated Catalog public service
	CSW 2.0.2 ISO Application Profile(?)

	GMU CSISS Catalogue
	CSW 2.0.1 ebRIM Profile

	INSPIRE GEO-PORTAL catalogue service
	CSW 2.0.1 ISO Application Profile

	NASA Earth Science Gateway
	CSW 2.0.1 ebRIM Profile

	NASA ECHO
	Z39.50 “GEO” Profile

	NASA Global Change Master Directory
	Z39.50 “GEO” Profile


3.5.4.2 GeoNetwork clearinghouse to community catalogues

The following table summarizes the testing of the GeoNetwork Clearinghouse searches for Community Clearinghouses.

Table 6 – GeoNetwork clearinghouse to community catalogues

	Community Catalogue
	Summary of testing

	Geospatial One Stop Catalog Service 
	CSW 2.0.1
Using the GeoNetwork CSW client, the getCapabilities request returns a response containing the exception “VersionNegotiationFailed” Successfully harvested “liveData” records from GN demo client, but no schema for the results was provided for validation purposes.

	GI-cat Federated Catalog public service
	CSW 2.0.2
getCapabilities request returns HTML response, not XML

	GMU CSISS Catalogue
	CSW 2.0.1
getCapabilities returned a valid response.  describeRecord returned a valid respose. All registered “DataGranule” metadata has been harvested through CSW getRecords interface.

	INSPIRE GEO-PORTAL catalogue service
	CSW 2.0.1
getCapabilities returned a valid response.  describeRecord request is not supported.  getRecords request returns Tomcat error

	NASA Earth Science Gateway
	CSW 2.0.1
getCapabilities returned a valid response.  describeRecord request is not supported.  Testing getRecords returns exception wrs:InvalidRequest “Unregonized outputSchema: 'csw:Record'”

	NASA Global Change Master Directory
	Over 5000 records successfully harvested from GCMD via Z39.50, but the metadata does not validate as FGDC. 


3.5.4.3 ESRI clearinghouse to community catalogues

The community catalogue services were each tested in depth. Through the testing process, ESRI discovered that there were often issues with the services’ configuration of the CSW getCapabilities or getRecords responses. Others were due to different interpretations of the OGC CSW specification. The testing process has resulted in suggestions for further development of the OGC standard specification for CSW that will increase the compatibility and the utility of CSW protocol for all. 

Based on interactions with the other GEOSS clearinghouse providers, ESRI updated its harvesting software to accommodate for specific application profile dependencies where necessary, and to implement the latest OGC specifications. As a result ESRI is confident that when the OGC specifications are followed for exposing the clearinhouses, these can be harvested by the ESRI technology.  

It should be noted that any FGDC or ISO 19139 compliant metadata document regardless of its service can be manually uploaded into the ESRI clearinghouse through the portal web interface and discovered. 

Table 7 – ESRI clearinghouse to community catalogues

	Community Catalogue
	Summary of testing

	Geospatial One Stop Catalog Service 
	Documents can be harvested. Actual inclusion of the 150,000+ metadata records from Geospatial One-Stop has not been done to avoid overloading the GEOSS Clearinhouse with content that is not relevant to GEOSS.

	ESA HMA/FedEO Catalogue
	ESA HMA/FedEO Catalogue did not provide a registered CSW url at the time of testing, and returned an HTTP 404 error.

	GeoConnections Discovery Portal Web Service
	GeoConnections Discovery Portal Web Service did not provide a CSW url for testing, but instead directed to a standard website. Users could access data from the GeoConnections portal by finding the data through the ESRI clearinghouse interface, and then clicking the “go to website” button that displays on the search results page.

	INSPIRE GEO-PORTAL catalogue service
	In correspondence with contacts at INSPIRE, this service is in the process of moving to AP ISO 1.0, and will be harvested then.

	NASA Earth Science Gateway
	The NASA Earth Science Gateway had an error in its CSW namespace and its getRecords URL element.  The service manager was contacted, and corrections to the service were made. Harvest successful.

	NASA Global Change Master Directory
	Harvest successful.

	GEO GRATIS (Canada)
	When the GEO GRATIS (Canada) site did not return results, their service url was further tested using Isite2. This also did not result in a response from the GEO Gratis site.


3.5.4.4 Compusult clearinghouse to community catalogues

The Compusult Clearinghouse was only tested against other community catalogues actually registered in the GEOSS Registry System. This meant that it was never tested against the ESA HMA/FedEO Catalogue and JAXA Catalogue. It was also not tested against the GeoConnections Discovery Portal, although the portal was registered in the GEOSS Registry System, the CSW interface URL was never provided.   

Direct distributed searching of remote catalogues was attained to the NASA Earth Science Gateway through the CSW Service and to the GeoGratis Portal through the Z39.50 standard. With additional configuration and collaboration direct distributed searching of Geospatial One Stop Catalog and the INSPIRE GEO-PORTAL can be attainable. 

Direct querying of other CSW based catalogues was not attained due to CSW profile or version incompatibilities.  Other registered community catalogues could not be directly queried due to non standard or proprietary interfaces or no interface URL. It should be noted that even though direct distributed search or harvesting of many registered community catalogues could not be attained, all were registered in the Compusult Clearinghouse and accessible though a clearinghouse search returning a site linkage. This ensured that even though results from the community catalogues were not directly available, the end-user was at least made aware, via clearinghouse query results, that the community catalogue was available and a link to the catalogue was provided.

3.5.4.5 Assessment of baseline CSW 2.0.2 practice

The OGC Catalog Service for the Web (CSW) version 2.0.2 “baseline” – that is, without Profile – provides for the return of a predictable core set of metadata fields or properties that are intended to be generalized and common across all communities and Profile implementations. This forms a common ground by which distributed catalogues may be queried and their records interpreted by the community mapping of their fields into equivalent common fields defined by 15 Dublin Core “elements” and some additional recognized but optional Dublin Core “terms.”

In the query of GEOSS Clearinghouse instances by Web Portals it was determined that the existing minimal core elements in 2.0.2 was insufficiently defined and populated to allow the portal or application to provide robust access to either the full, original metadata or the resource (e.g. data, service, URL) being described. The Clearinghouse implementers developed the following strategy to explore the accommodation of these requirements to minimize the impact on deployment and the specification itself.

1. Where possible, use/re-use existing core queryable/returnable properties in explicit ways with agreement within the Clearinghouse community so that the semantics of a Dublin Core field are consistent across all implementations.

2. If the set of Dublin Core elements and terms is insufficient, or if the property is too weakly typed, to support query and presentation of specific discovery fields, that these fields would be prototyped as additions to csw:Record. If these showed general purpose utility, they may be submitted through a change request to be incorporated in a future version of the CSW specification.

3. If csw:Record capabilities were insufficient to accommodate the request for a full original metadata record, consider testing and proposing the addition of a new Element Set “original” that would provide a convenience interface to retrieve the external metadata resource in one step.

4. If option 3 were problematic, consider adding the requirement for each GEOSS Clearinghouse candidate to support the CSW ebRIM profile with explicit rules on population of properties and slots based on discovered community metadata.

This approach is aimed initially and primarily at the Clearinghouse instances, though it may find broader applicability on baseline functionality of community catalog services. Community catalogues based on Z39.50, CSW ISO AP, and CSW ebRIM are designed to handle more detailed metadata, a subset of which must be mapped into a common, intersecting set of properties for Clearinghouse query and delivery.

The CSW baseline implementation supports a csw:Record schema to constrain the syntax of the Brief, Summary, and Full element sets. It promotes the use of a core set of queryables and returnables, although it does allow reference to imported additional properties from Dublin Core and Dublin Core Terms. Strict use of only the core elements does not unambiguously support semantic interoperability, and therefore limits the ability for Web Portals and application clients to act on the returned records. The following table identifies the issues and proposed resolution that is being sought for experimentation during the end of phase I of this pilot. Practice and agreements will determine whether it will be necessary to escalate the Clearinghouse catalog service requirements beyond option 1 or 2, above.

Table 8 – Requirements and proposed solutions for Clearinghouse behavior using csw:Record

	Issue
	Proposed Resolution

	Need to provide link to full original metadata
	Include optional dct:references and populate it with the request URL that will supply the original metadata record. Recommend that original metadata records include embedded schema location references to assist validation and presentation. GEOSS Clearinghouse implementations must populate this element and provide a suitable, direct retrieval/reference mechanism.

	Consistent means to link to the resource being described in metadata
	Use the dc:source property to store the URL, if available, to connect to the resource being described. This may be the URL to retrieve service information (WSDL or “getCapabilities”), to invoke a service, or to access an application, data or document via ftp or http. GEOSS Clearinghouse implementations must interpret and populate this link resource where it can be interpreted from source metadata.

	Share the format of the resource being returned
	The dc:format property allows for the declaration of a MIME type for the result retrieved from the dc:source element. In most cases, the MIME type will be obvious from a file extension, but in some cases this can allow intelligent clients to perform more advanced processing on the results.  GEOSS Clearinghouse implementations may interpret and populate this item as a queryable and returnable.

	Describe the resource type being documented
	The dc:type property is recommended to have a domain of DCMITYPE, which could be very useful to GEOSS resource classification: collection, dataset, event, image, interactive resource, moving image, physical object, service, software, and text. GEOSS Clearinghouse implementations should endeavor to use, and if necessary extend DCMITYPE as stored in dc:type.

	Propagate the date(s) of content or acquisition
	Many metadata formats distinguish between the date of publication and the date or date range during which the compiled content was valid. The Dublin Core Metadata Element Set [DCMES] includes two elements, dc:Coverage and dc:Date, the values of which may indicate a time interval. The dc:date is intended to cover the date of publication or availability, not its content, wheras dc:coverage indicates temporal or geographic coverage. If an ISO 8601 Date-Time string is present in dc:coverage, it is allowed as an encoding for time or time range. Date-time ranges are composed as a single string with a solidus “/” delimiting the range ends. GEOSS Clearinghouse implementations should populate and expose the dc:coverage element for individual date and range constructs and allow search on the dc:date and dc:coverage fields.

	Support of GEOSS taxonomies for observables or phenomenon 
	No single taxonomy or ontology yet exists in the context of GEOSS to assist in the classification and discovery of information resources. Such a registry of observation or parameter types is proposed in concert with a future requirements registry system. The dc:subject element is specifically intended to store classification terms, ideally linked to their authority. GEOSS Clearinghouse implementations should propagate subject or topic classification values into the dc:subject element.


3.6 Candidates assessment – Requirements

GEOSS Clearinghouse candidates assessment is based on the fulfillment of the requirements contained in Section 5.5.2 of Annex B of the Architecture Implementation Pilot Call For participation [CFP]. These requirements are reported in the Table 11, with the introduction of the following numbering scheme in order to have a univocal identification:  REQ-MAN-XXX.

Where,

REQ

Requirement

MAN

Mandatory

XXX

Requirement number starting from 001.

The requirements in Table 11 contain changes from the requirements listed in the CFP.  The changes are indicated by strikethrough for deletions (deleted text) and underlining for additions (added text).

Table 9 – Mandatory Requirements for clearinghouse candidate assessments
	Requirement ID
	Requirement Text
	Compusult
	GeoNetwork
	ESRI

	CH-MAN-001
	Shall provide a catalog service interface conformant with TBD OGC CSW 2.0.2
	Compliant 

Current catalog service interface conformant with OGC CSW 2.0.1. OGC CSW 2.0.2 available Dec 2007 – Jan 2008.


	Compliant. 
CSW Core queryable/ Core returnable (“baseline”) are ready. Supporting of CSW profiles is under planning.
	Compliant  – The catalogue is exposed via OGC CSW 2.0.2 interface. Additional profiles can be implemented if necessary.

	CH-MAN-002
	Shall provide catalog client interfaces conformant with 

· OGC CSW – (Profiles to be identified)

· ISO 23950 (future) 
	Compliant 

Compusult Clearinghouse provides catalog client interfaces conformant with CSW 2.0.1 using the ebRIM profile. 

CSW 2.0.2 interface available Dec 2007 – Jan 2008
	Compliant
	Compliant. 

ESRI Clearinghouse can access CSW catalogues (configurable profiles), ArcIMS metadata services, Open Archive Initiative (OAI) catalogues, Z39.50 repositories, and Web Accessible Folders. Also, FGDC, ISO19115, or ISO19139 metadata document can be manually uploaded through the portal web interface.  

	CH-MAN-003
	Shall provide a registry for the following items

· GEOSS Community Catalog Service metadata

· (others)
	Compliant 

Compusult is providing a registry for the GEOSS Community Catalog Service metadata and Service Metadata for all OGC Standards based services, i.e. WMS, WFS, WCS, SOS, et al. 

In addition, the registry can be used to register non-standard services, such as other community catalogs, online applications, off-line data, other documents. All metadata conforms to ISO19115 or FGDC metadata standards.
	Compliant
	Compliant.

Metadata conforming to ISO 19139, ISO 19115, or the FGDC standard can be published to the clearinghouse by users with publishing permissions.  Administrator users then review and can approve all posted documents to be made available to other users.  Documents in the GEOSS Community Catalogue Service metadata list are included in the registry, but additional documents can also be posted.  External data repositories can be registered in the clearinghouse by specified users.  Those additional repositories can be harvested with the administrator’s permission.  

	CH-MAN-004
	Shall provide for registration of items in the Clearinghouse registers by the following methods:
	n/a
	n/a
	n/a

	CH-MAN-005
	Shall have a TBD CSW interface to other Services registries hosted at the GEO Secretariat.
	Compliant 

Compusult Clearinghouse provides catalog client interface conformant with CSW 2.0.1 that can be used to access Services registries hosted at the GEO Secretariat. CSW 2.0.2 interface available Dec 2007 – Jan 2008
	Compliant
	Compliant.

The ESRI Clearinghouse provides a Harvesting Tool that can connect directly to GEO Secretariat registry services. It supports a number of CSW profiles and can be configured to support additional profiles as they become available.



	CH-MAN-006
	Graphical design of the Human-Computer Interface shall use the GEOSS identity design themes as identified in TBD.
	n/a
	n/a
	n/a

	CH-MAN-007
	The clearinghouse shall be available at least 99% of the time, i.e., approximately 7 hours of down time a month.
	Compliant 

The Compusult Clearinghouse is hosted at the Compusult High Availability data Centre. This level of availability is a standard requirement of many of our clients that is met through our service level agreement.
	Hosting of a GeoNetwork Clearinghouse will be accommodated at FAO or contracted hosting services
	Compliant.

ESRI has a strong track record in hosting high-availability, high-volume web applications and clearhouses, including but not limited to United States Geospatial One-Stop (http://www.geodata.gov), the Conservation Geoportal (http://www.conservationmaps.org) and ESRI’s Geography Network (http://www.geographynetwork.com).

	CH-MAN-008
	Requirements for the future: Shall be hosted on a computer hosted at the GEO Secretariat.  GEO Secretariat shall provide access to the Internet.
	Compliant 

The Compusult Clearinghouse is a Standard Commercial Off-The-Shelf (SCOTS) software package and is available for a variety of platforms and operating systems.
	Compliant

The GetNetwork Clearinghouse system is built using Java language. It is available for a variety of platforms and operating systems.
	Compliant.

The clearinghouse is based on ESRI’s GIS Portal Toolkit technology. The Portal Toolkit can set up a working portal/clearinghouse in various operating systems, application servers, and databases. For specific system requirements, please visit http://www.esri.com/software/arcgis/gisportal-toolkit/about/sys-reqs.html .   

	CH-MAN-009
	Requirements for the future: Maintenance of the content of Clearinghouse registers shall be performed by the GEO Secretariat.

Geo Secretariat to host the register with instances from the contributing organization. 
	Compliant

Maintenance of content can be easily performed by the GEO Secretariat. The user friendly web-based interface allows direct access to the content for quick maintenance. 
	Compliant

Maintenance of content needs routinely harvesting updated metadata records from Community Catalogues. This can be down through dedicated scripts. With extensive handbook, this can be done easily by the GEO Secretariat. 
	Compliant. 

Content is maintained by a portal administrator.  The GEO Secretariat can serve as the administrator, and additional administrators can be configured if desired. ESRI’s GIS Portal Toolkit team has worked with varying maintenance scenarios over the years, and can customize content administration according to the needs of GEOSS.

	CH-MAN-010
	Requirements for the future: Maintenance of the software of Clearinghouse shall be performed by the contributing organization.
	Compliant 

Throughout Compusult’s 22-year history, software and customer support has always been a high priority. Compusult will offer extensive software support through a team of highly knowledgeable and professional support response personnel.
	Compliant

GeoNetwork open source software is maintained through SourceForge. FAO, as software coordinator will continue to provide software maintenance and upgrades
	Compliant.  

ESRI has extensive experience maintaining customer portal/clearinghouse software in the past, not only through its technical support network but also by a team dedicated solely to portal/clearinghouse development, testing, training, and customer service.


3.7 Search Protocol Assessment and Recommendation

Several search protocols were evaluated in the first phase of the AI Pilot. For the next phase of development, the CSW 2.0.2 specification should be used for interaction between the GEO Portal and the GEOSS Clearinghouse and CSW (various versions) and Z39.50 will continue to be used between GEOSS Clearinghouse and Community Catalogues.  In the next phase, deployment should focus on using the “CSW Record” of CSW 2.0.2 for widest interoperability, also known as “baseline.”  Additional analysis and testing should be conducted to develop a CSW profile – with more elements than the CSW Record – based upon experience with the multiple community catalogues of GEOSS.  These minimal added elements could conceivably be contributed to an expanded set of the csw:Record “core” with guidance on their population. All catalogue servers should be attempt to honor all requests, i.e., be a forgiving server, independent of the protocol version requested by the client.The eventual operation of the Clearinghouse should support additional but limited set of search standards. Although ebRS and UDDI service interfaces were available on the GEOSS Service Registry, and SRU/OASIS-Web Search gateways were being deployed, these were not explored by the Clearinghouse or Web Portal during this phase but may be explored in future phases. 
At the beginning of the AIP, standards for catalogue search were changing and not yet mature.  For CSW interoperability, see the report from JRC that highlights differences in CSW 2.0 implementation and limitations in distributed search [JRC]. An unconstrained approach that allows components to use various search standards would not likely achieve a positive result.  A pick-and-mix approach to interoperability at a lowest common denominator, or funding another set of translators towards "n" different standards is not likely to help in the long run.  

Through a combination of analysis and testing it is recommended to use the HTTP protocol binding (Catalogue Services for the Web - CSW) of the OpenGIS Catalogue Services Specification version 2.0.2 for greatest accessibility of community catalogues.  CSW 2.0.2 became available during the course of the pilot in 2007.  CSW 2.0.2 was designed to fix the known problems and based on early implementation tests, it is recommended as the minimum common functionality for Phase 2.  Each of the Participants is currently testing CSW 2.0.2 implementations internally.

The CSW-record syntax is an XML-based encoding of Dublin Core metadata terms.   The full set of core properties is concretely materialized by the csw:Record element. All elements contained in the csw:Record element shall be available as queryables. In the event that a catalogue implementation does not have a value to map to an element contained in csw:Record, its value shall be considered to be NULL for the purpose of querying.  The csw:AnyText element shall only be available as a queryable, and is intended as a query target for a full text query of the catalogue's records.  The ows:BoundingBox element is used to express the spatial extent of the record.  It is anticipated that the number of optional presentables will vary from one record instance to another inside the catalogue; and so the remaining elements, or any element that can substitute for them, may appear as presentables if the catalogue has a corresponding value to present. Otherwise, elements for which no value is available may be omitted from the response."

3.8 Profile for GEOSS metadata

As described in the previous section, the initial focus for metadata is recommended to be on the CSW:Record which is based on the Dublin Core metadata.  Dublin Core defines a minimal set of metadata elements that can be supported by almost all communities.  Additional metadata elements may be need to be defined to support more expressive searching and retrieval specific to the needs of the GEOSS communities.

Consideration of a profile for GEOSS metadata will build on the experiences of searching GEOSS community catalogues.  This experience can be informed by previously developed metadata profiles that are relevant to the GEOSS communities.  These profiles have been previously developed for CSW
: 

· ebRIM CSW Profile: defines use of the OASIS ebXML Registry Information Model (ebRIM) for CSW. This application profile provides a general-purpose catalogue service that can be adapted to meet the needs of diverse communities of practice within the geospatial domain by defining an extension packages offered by ebRIM  (see Bibliography item [6])

· CIM profile: defines a Core ISO Metadata (CIM) extension package of the ebRIM CSW Profile for the cataloguing of ISO 19115 and ISO 19119 compliant metadata record (see Bibliography item [7])
· Earth Observation Profile: defines an Earth Observation Products extension package of the ebRIM CSW Profile based on HMA EO product metadata (see Bibliography item [8]).
· ISO Application Profile:  defines a profile of CSW 2.0.2 based on ISO 19115 and 19119 with support for XML encoding per ISO/TS19139.  This profile does not use the ebRIM CSW Profile (see Bibliography item [4]).
For widest interoperability, the initial focus should be on supplementing the concrete record in CSW 2.0.2 (CSW-Record, see OGC Catalog specification Section 10.2.5.3 Core queryable and returnable realization).  Additional analysis is required considering GEOSS needs and the CSW profiles: ebRIM profile, CIM profile, ISO profile without ebRIM, and the EO Profile and how these may factor into or accommodate GEOSS requirements.
3.9 Distributed search vs. harvest trade study 

Figure 7 shows that the Clearinghouse has two ways to interact with the Community Catalogues: Harvest or Distributed Search.  This clause discusses both of the alternatives.  After defining the alternatives, a set of evaluation criteria is defined followed by an analysis of the alternatives using the criteria.  Conclusions are presented at the end.

3.9.1 Trade study alternatives

The Harvest alternative retrieves metadata from a Community Catalogue, often on a regular basis, and stores the retrieved metadata in the Clearinghouse cache.  This alternative creates a copy of the Community Catalogue metadata in the Clearinghouse.  An advantage of this approach is that searches of the Clearinghouse are completed quicker because the data is local.  Disadvantages include that the Clearinghouse copy of the metadata may be out of date. 

The Distributed Search alternative is invoked when the Clearinghouse receives a search request from a client and the Clearinghouse propagates a secondary request to one or more Community Catalogues.  An advantage of this approach is that the metadata is maintained and managed closer to data.  A disadvantage is that distributed searching takes longer to complete and has more chances for the search to not be completed.

To manage data products collections, it has been useful to define a metadata hierarchy by defining Dataset Series (cf. ISO 19115).  A Dataset Series is a collection of spatial data that shares similar characteristics of theme, source date, resolution, and methodology. The data provider determines the exact definition of what constitutes a series.  An example of dataset series is a collection of scenes collected from a satellite using a single sensor. 
Earth Observation datasets are frequently organized into Dataset Series or collections. Harvesting of collection metadata is within the scope of this trade study. There is no anticipation that the Clearinghouse would harvest large EO archive dataset metadata (also referred o as product metadata).  For discussion purposes, the Clearinghouse should be able to harvest 1000’s of records on a daily basis from 10’s of community catalogues.

3.9.2 Trade study evaluation criteria

The following criteria will be used to evaluate the options.

1. User response time.  The performance in terms of time to respond to a user search placed against the Clearinghouse.  The User’s search is assumed to trigger distributed searching.  The duration is from the time the search is received by the clearinghouse until the operation has fully completed and the clearinghouse has replied to the user with results.

2. Results ranking.  Users desire that the results of a search be ranked in a fashion that provides the result of most interest at the top of the list.  Ranking of results requires that the entire result set can be evaluated in a uniform fashion.

3. Metadata accuracy.  The consistency of the metadata received by the user in comparison to the most accurate metadata available at any location at the time of the search.

4. Metadata ownership.  Compatibility of the alternative to stewardship of metadata by the organization that is charged with maintaining the metadata.

5. Robustness.  Ability of alternative to gracefully handle unanticipated changes of the distributed catalogues, e.g., catalogue off-line, catalogue schema changed.

6. Adaptive Modularity.  Ability to accommodate the addition and deletions of Community Catalogues from the GEOSS architecture

7. Clearinghouse Cost.  Cost for creating and maintaining the GEOSS Clearinghouse – not including the costs of the Community Catalogues.

3.9.3 Trade study assessment matrix

Table 10 presents the analysis of the Clearinghouse Alternatives using the evaluation criteria defined in the previous clause.

Table 10 – Clearinghouse trade study
	
	Alternative: Distributed Search 
	Alternative: Harvest 

	1. User response time
	Comparatively Worse
Distributed searches require network and searches not required by harvest option.
	Comparatively Better

All searches are satisfied locally.



	2. Results Ranking
	Comparatively Worse
Sorting of results from distributed catalogues can only be accomplished after all queries complete and are processed at the Clearinghouse.
	Comparatively Better

Sorting of a result set from the local cache is quick and accurate.

	3. Metadata accuracy.
	Comparatively Better

Metadata is retrieved from closer to the maintaining organization at the time of the users search.
	Comparatively Worse
Metadata may be changed by the maintaining organization after the harvest.

	4. Metadata ownership.
	Comparatively Better

Metadata remains on the servers owned by the organization the metadata
	Comparatively Worse
Bulk copy of metadata from a community catalogue may not be permitted by the maintaining organization. 

	5. Robustness
	Comparatively Worse
Changes are detected at time of search with limited response options.
	Comparatively Better

Addition of a new resource is accomplished off-line from user queries 

	6. Adaptive Modularity
	Comparatively equivalent
	Comparatively equivalent

	7. Clearinghouse Cost
	Comparatively Better

Minimizes resources required at single Clearinghouse node.
	Comparatively Worse
Higher costs for Clearinghouse to maintain a larger store of metadata.


3.9.4 Trade Study Conclusions

The consensus of the Clearinghouse WG is that the most important criteria are: 1) User Response Time and 2) Results Ranking.  Therefore, the Harvest option should be selected for as many Community Catalogues as possible.

Given the nature of GEOSS, i.e., a system of systems, there will be catalogues that cannot or will not be harvested.  Where a Community Catalogue distinguishes between collection and granule metadata, only the collection metadata should be harvested. Some catalogues will object to being harvested, i.e., criteria 4) Metadata ownership.  Therefore, the Clearinghouse should provide a distributed Search functionality but its use should be minimized.

To meet this hybrid recommendation, further analysis of the Clearinghouse server interface is required.  Currently there is not a widely implemented catalog interface standard that blends a full response from the local harvested cache with stateful distributed queries.  What is needed is a stateless catalog interface for hybrid search: immediate response to user while distributed searches are continuing.  

A previous trade study with alternatives similar to this study, came to the following conclusion:

“There is no ‘one size fits all’ geospatial enterprise or server architecture that is appropriate for all organizations.  Organizations will develop their architectures and systems to best fit the data quality, security, accessibility and related factors associated with their business environment and processes. [Fisher]

4 GEO Web Portal

4.1 Overview and Summary

The Architecture Implementation Pilot has proven that a number of organizations are capable of providing workable GEO Web Portal solutions. During the past activities, it became obvious that adherence to standards is of uttermost importance to ensure interoperability between the various GEOSS components, in particular GEO Web Portal, GEOSS Registries and GEOSS Clearinghouse. First interoperability arrangements have been defined by determining the communication protocol between portal and clearinghouse. 

Continuous dialogue with end users of the portal will help to further improve the GEO Web Portal in the future. One of the important issues already raised by end users was customization of the portal. 

Requirements for future GEO Web Portal development are provided below in three categories:

· Specific requirements from the AI Pilot CFP

· Specific requirements suggested portal WG participants

· Requirement categories for further development of requirements

The ISWG Report on Earth Observation Portals [IEEE] provides a set of characteristics that should exist for a website in order to have it be an “acceptable” Earth Observation portal. This report could not be taken into account for this report, but will certainly help to improve the future design of the GEO Web Portal. 
4.2 GEO Web Portal Definition 

A Web portal is a single point of access to information, which is linked from various logically related Internet based applications and is of interest to various types of users.  The GEOSS architecture (Section 5.3) defines two types of portals: a GEO Web Portal and GEOSS Community Portals.

Portals present information from diverse sources in a unified way; they provide a consistent look and feel with access control and procedures for multiple applications, which otherwise would have been different entities altogether. Since all the applications share information through portals, there is better communication between various types of users. Another advantage of portals is that they can make event-driven campaigns. Generally, a portal provides:

· Intelligent integration and access to enterprise content, applications and processes 

· Improved communication and collaboration among customers, partners, and employees 

· Unified, real-time access to information held in disparate systems

· Personalized user interactions

· Rapid, easy modification and maintenance of the website presentation 

The following are the properties of portals:

· Look and feel 

· Consistent headers and footers, color schemes, icons and logos which gives the user a feel and sense of consistency, uniformity, and ease of navigation

The GEO Web Portal will be a main application for accessing GEOSS services. It will include a number of common functions and solutions, including functions and solutions to search and discover services and provide news and other relevant information to the user community. It should also take into account integration and interoperability with non-geospatial portal environments and associated standards.

The GEO Web Portal is called GEO Web Portal rather than GEOSS Web Portal. The rationale behind this naming is as follows: The GEO Web Portal will provide access to services of GEOSS and also coordinate access to additional information from the GEO community as a whole. The GEO Web Portal is also a brand. It indicates that this is the primary Web Portal for GEO, the Group on Earth Observation. 

4.3 GEO Web Portal Out of Scope

The GEO Web Portal will be the point of access for Observations, but it will not directly provide the following functions:

· Catalogue: The portal itself shall not include a catalog. The GEO Web Portal retrieves all data sets from the GEOSS Clearinghouse and GEOSS Registries. It might cache some information to improve performance.

· Processing: The GEO Web Portal does not provide processing capacities other than those required to retrieve and display metadata or to portray image files.

· Data Order: The GEO Web Portal serves as an entry point to search for data. It does not contain specific data ordering capabilities. The GEO Web Portal usually refers to data sets or community portals.

· Data Download: The GEO Web Portal does not provide data download capabilities other than those required to retrieve image files from mapping services. To download data, the GEO Web Portal will refer to community portals that support data downloads.

· Storage of data processed by distributed services: The GEO Web Portal itself might cache some data for performance reasons, but it does not store serve as a service orchestration engine. It does not store data retrieved from one service in order to send it to another service.

4.4 Reference Architecture and Web Portal GUI

The overall goal for GEO Web Portal Reference Architecture is to make it easier, faster, and less expensive for any organization to offer contents and capabilities to the users of GEOSS. Any service that provides:

· Data,

· Processing capacities,

· Information on capacities building, 

· Training material, or

· Any other form of GEO and GEOSS related information,

shall be made available by the GEO Web Portal either as inherent part of the portal itself or by reference. 

The portal, though an independent entity, is integrated in the overall architectural concept of GEOSS as described in Section 5 of this document. The separation into user interface layer, business process layer, and data access layer, as illustrated in Figure 1, shows that the GEO Web Portal is part of the user interface layer. This depicts the optimal solution from an architectural point of view, as it clearly separates the view from model and controller of the portal. The GEO Web portal uses services provided by the business process layer in order to display information. 

In practice, Web portal solutions often provide logically separate functionalities as inherent parts of the portal itself. This is particularly true for rendering services, communication services, and customization services. Nevertheless, the concrete implementation should be transparent to the users of the portal. It just has to be ensured that the portal provides options to integrate any additional services into it. 

Figure 8 illustrates the interaction of the GEO Web Portal with other core components of the GEOSS (shaded in orange).  Though being basically able to access all sorts of community resources (shaded in blue), the GEO Web Portal mainly provides access to registered components and services contributed by GEO members and participating organizations.  The GEO Web Portal provides direct access to the GEOSS Clearinghouse and may access GEOSS registries.  GEO Web Portal access to GEOSS registries is currently being tested with specific requirements under discussion and development. There are resources in the registries that are not harvested into the Clearinghouse and yet should be available to Web Portals.  This includes access to Components and their operators, links to standards and special arrangements, and in the future, requirements and best practices. The exact practice is being refined in the AI Pilot.
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Figure 8 – GEO Web Portal and interaction with other GEOSS components

The Web Portal uses the GEOSS Clearinghouse to explore available components described and registered in (community) catalogues. The search results will be displayed by the portal and allow the user to explore the contents. The access to the GEOSS component-, services-, standards-, and special arrangements registries (here summarized as services and special arrangements registries) allow users to explore all entities that are currently registered and potentially contained in responses from the GEOSS Clearinghouse. 

The GEO Web Portal itself may provide a list of functionalities, either as direct components of the portal itself or linked from physically remote locations. As said before, this is transparent to the user. All services seem to be part of the portal itself.
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Figure 9 – GEO Web Portal and integrated or linked services

The following figure illustrates a schematized visualization of a pseudo GEO Web Portal. The portal provides a single point of entry to all functionalities discussed above. 
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Figure 10 – Schematized user interface
The resources described above have been identified during the Architecture Implementation pilot and the GEOSS Workshops series in 2007 as being important for the GEOSS portal, though not all of them have been implemented in the current versions of the portal solutions. Examples are GEONet Cast and Fen Yun Cast that might be directly linked to the portal. Broadcasted data could be displayed in the portal in near real time and historical data could be accessed through services or other components that can be found using the GEOSS Clearinghouse. 
4.5 GEO Web Portal candidates assessment

The aim of this pilot activity was to explore the functional range and usability of the GEO Web Portal and to identify qualified candidates. The Call for Participation (CFP) asked to provide first implementations of Web portal solutions to allow potential users – both from the end user as well as from the provider side – to gain experiences with the portal. It has to be emphasized that the CFP did not serve as a tender at any times. 

Though being optically quite similar to each other, the different solutions have implemented different requirements, described in the table below. The table serves as an overview, not a strict evaluation in any sense.

4.5.1 Portal Candidates

Three providers participated in the effort to build an initial solution, among them two commercial companies (Compusult, Canada, and ESRI, USA) and a consortium consisting of European Space Agency (ESA) and Food and Agriculture Organization of the United Nations (FAO).

Prototypes of the portals are available at:

· Compusult: http://www.geowebportal.org 

· ESA-FAO: http://www.geoportal.org
· ESRI: http://keel.esri.com/Portal 
4.5.2 Candidates Assessment – Mandatory Requirements

GEO Web portal candidates assessment is based on the fulfillment of the requirements contained in Section 5.4.1 of Annex B of the Architecture Implementation Pilot Call For participation [CFP]. These requirements are reported in the Table 11, with the introduction of the following numbering scheme in order to have a univocal identification:  REQ-MAN-XXX.

Where,

REQ

Requirement

MAN

Mandatory

XXX

Requirement number starting from 001.

Table 11 – Mandatory requirements for portal candidate assessments
	Requirement ID
	Requirement Text
	Compusult
	ESA-FAO
	ESRI

	REQ-MAN-001
	The GEO Web Portal shall provide a catalog client interface conformant with OGC CSW 2.0.1 or higher to access the GEOSS Clearinghouse. 

* enabling a search over text, BoundingBox, time
	Compliant

The Compusult portal candidate provides a catalog client discovery interface that complies with the OGC CSW 2.0.1 specification for client access to the GEOSS Clearinghouse. It’s advanced and flexible search capabilities include Community Portal searching, Gazetteer location service, Category and SBA searching and flexible and temporal parameters. Currently being upgraded to OGC CSW 2.0.2.
	Compliant. 

ESA’s FEDEO initiative provides a catalogue client compliant to CSW 2.0.1 ISO profile (soon 2.0.2) and CSW ebRIM extension package for EO, and tailored to the look & feel of the GEOportal.
	Compliant.

The ESRI candidate for the GEO Web Portal includes both a simple text search and an advanced search interface that includes these and other search criteria, integrates with a Gazetteer and supports thesaurus capabilities.   The catalog is exposed via a CSW 2.0.2 interface. If a different profile is desired, a different profile can be implemented.

	REQ-MAN-002
	The GEO Web Portal shall respond up to 10000 hits per/hour performance.
	Compliant. 

Compusult will provide the hardware platform necessary to meet the required targets 

Compusult’s Candidate Portal has proven scalability through many installations in a variety of critical operational environments, including those for advanced, high demand military applications.
	Compliant. 

Hardware will be sized / scaled according to load, always ensuring the performances of current operational ESA Portal services.
	Compliant. 

ESRI’s GIS Portal Toolkit team has extensive experience implementing portals, such as the United States Geospatial One-Stop Portal, that respond to heavy traffic over an extended period of time. Examples can be found at http://www.esri.com/software/arcgis/gisportal-toolkit/about/case-studies.html. In our approach to implementing GIS Portals we include system design expertise to handle the necessary load.

	REQ-MAN-003
	The GEO Web Portal shall have an interface to web pages hosted at the GEO Secretariat.
	Compliant

This connectivity has been currently deployed on the current candidate portal implementation. This capability is highly customizable directly through the Portal via WIKI interfaces. GEO members can be provided direct access to allow them to alter this information or it can be managed by Compusult.
	Compliant. 

At a minimum, active maintenance of URLs is provided, other interfaces TBD. A link with the GEOsec Homepage is part of the GEOportal home page. Links to Capacity Building sites may be included as required.
	Compliant

This is customizable; more may be added as needed. We have integrated our technology with portal frameworks and content management systems including WebSphere Portal and QuickPlace, where content is managed by a large number of subject matter experts representing various organizations in the user community of the Portal.

	REQ-MAN-004
	Graphical design of the Human-Computer Interface shall use the GEOSS identity design themes as provided by the GEO Secretariat


	Compliant

The current Portal candidate uses GEO Secretariat web page look and feel. The Portal includes advanced theme management to allow quick and easy Human-Computer Interface look and feel changes. 
	Compliant.
GEO look and feel is provided with access accordingly to GEO SBAs and currently available in Version 1 at http://www.geoportal.org
	Compliant

Currently uses GEO Secretariat web page motif, but is easily customizable through cascading stylesheets.

	REQ-MAN-005
	The GEO Web Portal shall be hosted on a computer hosted at the site of the portal solution provider. The hosting location shall provide access to the Internet.
	Compliant

Compusult will provide a hosting environment at its data centre facilities if desired. The environment is a high availability data center with redundant Internet connectivity and a NATO facility clearance. 

Software and hosting is avail at no cost until at least 2009.
	Compliant. 

Hosted and operated according to ESA standards by ESA at ESRIN/Frascati (Italy). 

Operations are covered until at least 2009.
	Compliant.  

The ESRI GEOSS portal is currently hosted at ESRI headquarters and is aptly located to take advantage of the latest developments in the ArcGIS suite of software.

	REQ-MAN-006
	The portal solution provider shall perform maintenance of the GEO Web Portal content. 

(See REQ-PRP-005 for a proposed requirement regarding development of the portal information content.) 
	Compliant

Maintenance of the content will be managed by Compusult. Compusult currently manages a wide variety of Internet portals and web sites for both commercial and military clients. As the portal and software developers Compusult has easy access to the resources that will be required for this operation.

Due to its included content management portlets, minor maintenance and updates of the content can also be easily performed by GEO. These user friendly secure portlets allow direct access to the content via the web for quick updates and changes. Individual GEO users/administrators can be supplied selective permission to perform these changes.
	Compliant.

Operated by the industrial consortium responsible for the operation and maintenance of ESA’s EO user services. 

Operations by ESA include the monitoring of content plus value adding of information where required.

ESA currently operates and maintains a number of community web sites such as our eoportal www.eoportal.org
 and the www.disasterscharter.org site. Commitment is to operate the GEOportal contribution by providing frequent updates and overall availability of the site at a level expected by an international operating organisation.
	Compliant. 

Content maintenance can be handled by a portal administrator easily.  ESRI can serve as the administrator, or another overseeing person/body can. Permissions are configurable and there can be more than one if desired.  ESRI’s GIS Portal Toolkit team has worked with varying maintenance scenarios over the years, and can customize content administration according to the needs of GEOSS.



	REQ-MAN-007
	Maintenance of the software of GEO Web Portal shall be performed by the portal solution provider.
	Compliant

Throughout Compusult’s 22-year history, software and customer support has always been a high priority. Compusult will offer extensive software support through a team of highly knowledgeable and professional support response personnel.
	Compliant.

Maintained by the developers, ESA-FAO contribution to GEOportal is based on selected open source components. Initial commitment is for the duration of the current GEO WP 2007-2009 with the possibility for extension.
	Compliant.  

ESRI has extensive experience maintaining GIS portals, not only through its support network but also by a team dedicated solely to portal development, testing, training, and meeting customer needs.  

	REQ-MAN-008
	The GEO Web Portal access to the Clearinghouse shall be available at least 99% of the time, i.e., approximately 7 hours of down time a month.
	Compliant

This is a standard requirement of many of our clients that is met through our High Availability Data Centre.
	Compliant. 

In line with the service level agreements for the other portals hosted at ESA/ESRIN.
	Compliant. 

Much of the maintenance can be done without taking the portal offline at all.


4.5.3 Additional Proposed Requirements at time of CFP

The list of requirements above was developed during the preparation of the call for participation of the Architecture Implementation Pilot. We recognize that this list is not yet fully complete. 

Additional requirements have been proposed by some organizations within their respective offers in response to the Call For Participation or have been developed in the context of the pilot activities. These requirements are reported in Table 12 for information only. Even this list is still work in progress. We envision additional requirements to become necessary for future activities. 

The next section provides a possible schema to classify and organize the growing list of requirements. This schema reflects an early status of discussion and will probably change in the future. 

Table 12 introduces the following numbering scheme in order to have a univocal identification:  REQ-PRP-XXX.

Where,

REQ

Requirement

PRP

Proposed

XXX

Requirement number starting from 001.

Table 12 – Additional proposed portal requirements
	Requirement ID
	Requirement Text
	Proposing Organization

	REQ-PRP-001
	The GEO Web Portal solution shall be designed in a way that it can be made available for free installation at multiple GEO members or participating organisation locations. 
	ESA-FAO

	REQ-PRP-002
	The GEO Web Portal shall allow application of readily customized community Portals by any organization for their domain interests and in support of Societal Benefit Areas being pre-configured to be structured as per GEO Societal Benefit Areas.
	ESA-FAO

	REQ-PRP-003
	The evolution of clients, interfaces, and system components shall be ensured through industrial support and a related maintenance and evolution plan.
	ESA-FAO

	REQ-PRP-004
	The GEO Web Portal shall provide functions and solutions for viewing the results produced by other web services of the Earth Observation community. 
	OGC

	REQ-PRP-005
	The portal solution provider will not develop the content for the GEO Web Portal. A process has to be developed that organizes content development and communication with the portal operating and maintaining team. A possible option would be to have different teams developing content for the different societal benefit areas.
	OGC

	REQ-PRP-006
	Requirements on performance of search operations or user experience in general have to be defined.
	ESRI


4.5.4 Possible General Requirement Categories

In the future, general requirement categories may be used to generate a more detailed requirements list. 

The following is a list of requirement categories, sub-categories and possible requirements. There is no need at the moment to say whether any portal candidate complies or doesn’t comply to anything in this list. This is not an exhaustive or complete list. They are merely suggestions or ideas that we may want to look into as the portal requirement development process moves forward.

Suggestions:

Use several broad categories of requirements. Under these generate sub-categories and then the individual requirements. i.e.

· End user requirements

1. Discovery

· Users must be able to search bases on (1) location (i.e. place name, bounding box, etc) (2) Keywords (3) SBA (4)Temporal paramters etc

· Criteria for searches can be saved by registered users

· Maps created can be saved in the portal

2. Visualization

· Standard set of layer and viewer controls – pan, zoom, add, delete, move layers, etc.
· Display results in other visualization clients
· Legend
· Print Map

3. User Profile Management

4. End User Help (online)

· Tutorials, Help Docs, FAQs, etc

· Standards Supported by Portal

1. Portal Standards i.e. JSR 168 and WSRP

2. OGC Standards

3. ISO Standards, i.e., ISO TC211

· System Requirements

1. Available to different web browsers

2. Cross platform compatibility, Windows, Mac, Linux

3. Supports multi language capabilities

· Portal management and Administration

1. Ability to add, change, delete content including Help documentation · Links to applications etc.

2. Ability to track data downloads and accesses as well as application accesses by registered users

3. Statistics for the level of portal usage and what page views, functions, services, applications, etc. are or are not being used 

· Security

1. User profiles

2. Credentials are passed to applications
3. Secure sensitive information

· Reliability and Availability

· Performance

· Capacity

· Business Requirements

1. Easy to extend in the future
2. Low or no cost for deployment

3. Utilize an existing IT environment
Annex A

GEO Web Portal Solutions 

Three GEO Web Portal solutions have been provided. The following sections provide additional information as provided by the GEO Web Portal suppliers.

A.1
GEO Web Portal Solution – Compusult 

Compusult is offering to provide its commercial software package, Web Enterprise Suite (WES). One of the most advanced, end-to-end, Geospatial Interoperability portal infrastructure systems available. It contains tightly integrated, open standards-based applications and toolkits providing a complete, interoperable, GIS data portal solution facilitating improved decision making. WES components have been based on a Service Oriented Architecture (SOA) and support Open Geospatial Consortium/ISO interoperability specifications allowing seamless connections to the ever-expanding world of web services.

A fully functional initial deployment of the candidate portal using WES can be tried by going to http://www.geowebportal.org 
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· Geospatial Data Discovery - Search, manage and discover geospatial data from disparate data sources.

· Geospatial Data Access/Portrayal - Access, preview and retrieve distributed and/or disparate geospatial data and services.

· Geospatial Data Dissemination - Publish data and services to the WES portal catalogue supporting OGC catalogue specifications. (note: not necessarily required for this implementation)

· Geospatial Data Delivery - Deliver data products and services to end users including e-commerce capabilities. . (note: not necessarily required for this implementation)

· Geospatial Collaboration - Discussion Forums, Document Sharing, Image Library, RSS Clients, Calendar, WIKI Nodes and many other portlets are included.

· Geospatial User Management - End users can belong to managed ‘Groups’ or ‘Communities’ providing geo-data access control and customized user environments. Users can dynamically access and customize their information and services. Communities can be divided by SBA and/or Geographic Region, whatever organizational structure works best. 

Compusult’s WES has always stressed standardization and has always been standards based. 

Compusult is a global leader in implementing internationally-accepted specifications and standards. In that regard, we have extensive relevant experience in the review, implementation and/ or specification of many OGC, ISO, ANSI, and U.S. Department of Defense standards-based initiatives. 

WES components are extensively standards-based, employing many the OGC/ISO interoperability specifications as well as key portal and IT-related standards.

All WES software has been migrated into the J2EE SOA. The portal components have been deployed in Linux, Microsoft Windows, and Sun Solaris with no cross platform compatibility issues. All the “exposed” interfaces are available as JSR-168 portlets.

To supplement the deployment environment with a portal/J2EE portal container application, Compusult has bundled and integrated a customized Open Source Portal (LifeRay) with Web Enterprise Suite components. WES is tightly integrated with this environment.

The current portal container is the world’s leading open source portal platform now going into its eighth year of development: Portal features include:

· Operation on all major application server, database, and operating system, rendering over 700 deployment combinations.

· JSR-168 compliant.

· Out-of-the-box usability with over 60 portlets pre-bundled. These portlets include Document Management/Library, Meassage Boards and Discussion Forums, Calendar, Site Search, WIKI Nodes, Journals, RSS, Translator, Unit Converter, Portal Help and many others.

· Over 20 community-contributed themes available.

· The only portal that can run in either application server or servlet container mode.

· Benchmarked as among the most secure portal platforms using LogicLibrary's Logiscan suite.

Information Technology and Portal Standards subscribed to in the WES/Open Source platform include: JSR-168, SOAP, J2EE, XML, WSDL, Java, RDBMS and J2ME.


Organizations that have Deployed Compusult’s Geospatial Portal Solutions:

· Natural Resources Canada (NRCan)
· The U.S. National Geospatial-Intelligence Agency (NGA) 
· National Aeronautics and Space Administration (NASA) 
· The U.S. Geological Survey (USGS) 
· USGS EROS Data Center (EDC) 

· GeoEye (formally Space Imaging Corporation) 
· National Air Photo Library (NAPL) 
· The Canadian Department of National Defence(DND) 
· Office of Critical Infrastructure Protection and Emergency Preparedness (Canada) 
· Oak Ridge National Laboratory (ORNL) 
· U.S. Environmental Protection Agency (EPA)


Support:

Throughout Compusult’s 22-year history customer support has always been a high priority. Compusult will offer extensive product support through a team of highly knowledgeable and professional support response personnel, as well as real-time phone support and a comprehensive online support system, as described in more detail below.

1. Unlimited Support Cases 

a. We are offering unlimited case logging and include unlimited electronic and real-time phone support. This allows the customer to open unlimited cases for critical issues with Compusult's Response Centre during regular office hours. 

2. Web-based Support Features 

b. Extensive On-line help

c. Computer based Training through the use of interactive tutorials

d. Downloadable User documentation

e. The Compusult Online Support System (COSS) Web portal at provides 24 x 7 access to technical support information. Authorized support contacts can open and manage support cases. Most of the COSS Web site is available only to our supported customers, and access is password-protected. To access the supported customers’ area, your contacts must register for a COSS Web account. 

Summary:

Compusult is providing a mature, proven, commercial software suite and hosting capabilities if required. Our commercial products have a significant installed base in many organizations and agencies that have deployed geoportals and adopted geospatial standards and techniques as a primary method for delivering products and services. In particular, our Geoportal deployments for NASA’s Earth Science Gateway (ESG), National Geospatial-Intelligence Agency (NGA) activities, including other defence-related initiatives, and most recently the next generation of Canada’s GeoConnections Discovery Portal and GeoGratis Portal all have a significant commonality to the requirements and directions of GEOSS.

Out-of-the-box, WES meets all base requirements outlined in the CFP. Having a proven solution delivered off-the-shelf also reduces implementation costs for this solution and significantly reduces overall project risk. 

Some of the benefits of adopting existing WES commercial tools and technologies for a standards-based geoportal development and deployment are as follows:

1. The commercial software already has an installed base that creates an environment in which new specifications and components can easily and readily be installed, tested, reviewed, and deployed.

2. The software applications have been deployed and proven in a variety of information communities including military, marine, image processing, land, civil, etc.


To really get a feel for the system we have created an example of a fully functional GEO Web Portal at:




http://www.geowebportal.org
Please visit this site and create an account to access the full capabilities. All feedback is very welcomed.

A.2
GEO Web Portal Solution – ESA-FAO 

Introduction

The “GEOportal” is the name of the solution offered by ESA and FAO. The first operational version of the portal is available on line at the link: http://www.geoportal.org.
Starting from the concept of community portals, the GEOportal goes one step further: it extends the community concept to a global community across all users of the GEOSS – no matter where the user is located or the nature of usage within the GEOSS areas of application, GEOportal provides an entry point to discover and access global Earth observation data, information and user services. 

It achieves this goal based on two key characteristics:

· A high-level structure of the information according to the nine GEO societal benefit areas (SBAs).

· A global coverage linking all resources contributed by the GEO members and participating organizations.

In addition, the GEOportal provides a consistent look and feel agreed by the GEO Secretariat.

Overview

Based on the GEO approved standards and following the Geospatial Portal Reference Architecture of the OGC the GEOportal provides a variety of services:

· Geospatial Portal Service providing the user interfaces for viewing, discovering data, information and services available in GEOSS.

· Portrayal Viewer Service allowing the display and handling of maps and context information from various sources, e.g.: from different GEO Societal Benefit Areas through WMS services.

· Interfaces to Catalogue Services of the GEOSS Clearinghouse, allowing distributed catalogue search in an interoperable manner.

· To browse through a comprehensive directory of services providers e.g. related to GEO Members and Participating Organisations.
· To retrieve Earth observation education, training and capacity building resources.

To access to different types of information, GEOportal allows navigation and access primary via:

· Societal Benefit Area selection, and

· Geographical selection

The fig.1 shows the GEOportal home page displaying the rotating globe and SBA structure (on the left).
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Fig.1 

The SBA selection leads the user to a main SBA page providing relevant information, on the services available within that SBA, the service providers, as well as a showcase of data sets. From there, the user can have access to specific service pages, providing, among other, a user friendly description of the services, a point of contact, a direct link to the services. 

The user can also refine his search by SBA subcategory and/or geographical area, in order to retrieve services more appropriate to satisfy his informational needs. The geographical selection allows the user, selecting regions and countries from a rotating globe, to access a variety of data, information resources and services available for that specific geographical area.

The user will be able to access data sets samples matching his search criteria. Through the GEOportal map viewer the user can access data layers, maps and information as they are provided through WMS. The interface between the GEOportal and the community and other portals of the GEOSS can make use of different mechanisms. It may use Web services, if available, from the community and other portals to access metadata and data, or it may harvest metadata from the community portals. 

GEOportal contains a local instance of the GeoNetwork open source catalogue which is used to maintain a local copy, for performance and reliability, of selected resource description either harvested from external sources, or entered by the GEOportal administrator.

Highlights on Relevant Provided Services

The GEOSS clearinghouse query interface allows the GEOportal with the capability to initiate a distributed catalogue search for specific data sets. The actual query into the GEOSS resources is hidden to the GEOportal, but the results will be displayed to the user of the GEOportal, who may select a particular data set and require its display. Subsequent display of retrieved data sets may be supported by map display in a number of ways, including display projected on GoogleEarth.

The GEOportal provides a link to the home page of the GEO Secretariat. This provides information about GEO and other organizational information. 

The GEOportal will allow users to replicate the platform in other user communities’ web spaces without bearing the cost or the time of developing their own site. 

In perspective, the GEOportal may also be used for creating community portals or individual portals if required by a GEO member or participating organization. 
Based on an open source portal technology, the GEOportal can also leverage and take advantages of several components already built-in within its framework and available for customization (e.g. content management systems, blogs, wikis, mail, calendars, multilanguage support, etc.)

Technology and Standards

The GEOportal is based on an open-source platform and web portal application; natively it supports the following standards:

· JSR168 interface for access to portlet applications (including GeoNetwork)

· RSS (GEO-RSS) client access to alerts and news feeds

· OGC WMS client for access to web map services

· OGC CSW ISO API profile (through use of GeoNetwork open source software) for publishing local datasets and access via clearinghouse client

· OGC CSW ebRIM EO extension package access via clearinghouse client

Evolutions

The GEOportal system and its user interface have been implemented and a number of contributions to the GEOportal, and community portals have been interconnected and are today part of an initial operating capability of GEOSS. Operations for an initial period until 2009 have been secured, and the GEOportal is now open to serve the GEOSS and to further evolve, taking into account the requirements of its users.

A.3
GEO Web Portal Solution – ESRI

Introduction
The ESRI candidate for the GEO Web portal (http://keel.esri.com/Portal) is based on the use of proven out-of-the-box technologies that are put together to provide the core capabilities of a solution for the GEO Web Portal and and Clearinghouse that can be extended to include capabilities that go beyond the minimum requirements for the GEOSS Web Portal. GIS portals organize content and services such as directories, search tools, community information, capacity-building resources, documents, models, data, and applications. They provide capabilities to query metadata records for relevant data and services, and link directly to the online sites that host content services. The content can be visualized as maps and used in geographic queries and analyses. Our recommendation that GEO approaches its development of the GEO Web Portal and Clearinghouse using a Services Architecture as indicated in the diagram below:
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This SDI Services Architecure provides an integrated platform that can address the following objectives: 

· Provide a means for cataloguing, discovery, and access of geospatial resources, including but not limited to data and services.

· Provide a means for GEO and others to control access to these data and services.

· Provide an application development platform using open Application Programming Interfaces (API) to commercial partnering entities, the science community, and GIS professionals.

· Provide an environment for authoring data and services that integrates seamlessly with existing geospatial business processes of GEO member-, partner-, and user-organizations.

Applied Technologies
The following sections provide a brief description of the technologies ESRI has applied in support of the GEO Web Portal proof-of-concept.
ESRI GIS Portal Toolkit

Central component in our implementation is the ESRI GIS Portal Toolkit version 3.1, a technology and services solution for realizing local, regional, national, and global spatial data infrastructure (SDI) portals. ESRI's GIS Portal Toolkit (http://www.esri.com/gisportal) provides all the tools and templates to create a GIS portal. Based on ESRI's ArcIMS and ArcSDE server technology, this standards-based solution offered through ESRI's Professional Services provides for a cost-effective way to get a functional GIS Portal up and running quickly. 

Key components of the GIS Portal Toolkit used in the GEO Web Portal are: 

· GIS Portal – The GIS Portal offers end user functionality; administrator functionality; and publisher functionality.
· Map Viewer – The Map Viewer allows portal users to browse, navigate, and query map data; view multiple map services; change projections on the fly, and save map views. The Map Viewer supports OGC WMS, WFS, and WCS services. 

· Channel Editor – The Channel Editor allows users to populate and manage featured content in so-called channels to support a 2-clicks-to-content experience to key content for Societal Benefit Areas, specific events, or other topics. 
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· Harvesting Tool – The Harvesting Tool allows users to harvest from the following metadata repository protocols: ArcIMS, Z39.50, Open Archives Initiative, Web Accessible Folders, and OGC CS-W Catalogs. 

· Portal Extensions – The WMC Tool allows users to open Web Map Content files created with the Map Viewer. The CSW Client Tools allow users to discover resources from other clearinghouses that provide a OGC Catalog Service for the Web (CS-W) interface. The CSW Client Tools are available for ArcGIS Desktop (ArcMap) and for the freely downloadable 3-d viewer ArcGIS Explorer.

The ESRI GIS Portal Toolkit is offered as a no-cost licensed solution that includes access to the source code for the included web applications (GIS Portal and Map Viewer).

ArcGIS Explorer

ArcGIS Explorer is a free lightweight globe client (http://www.esri.com/software/arcgis/explorer/). It can be used to access, integrate, and utilize GIS services, geographic content, and other Web services. ArcGIS Explorer can also be used with a variety of other GIS services such as those published using ArcIMS, ArcWeb Services, Web Map Services (WMS), and other Web services. In addition, ArcGIS Explorer can use ESRI shapefiles, Google KML, and various data and image formats.
ArcIMS

ArcIMS (http:// www.esri.com/arcims) is the foundation for distributing geographic information system data and applications on the Internet.  ArcIMS provides a standard platform to integrate, share, and exchange GIS data from other agencies. ArcIMS supports a number of OGC-Compliant interoperable interfaces. These interfaces include OGC WMS, WFS for maps and data, and include Z39.50 and CS-W for metadata. The CS-W interface supports the OGCCORE, ebRIM, and ISO application profiles. For the GEO Clearinghouse, ESRI configured both Z39.50 and CS-W interfaces.
ArcGIS Server

ArcGIS Server (http://www.esri.com/software/arcgis/arcgisserver) is a complete and integrated server-based geographic information system (GIS). It comes with out-of-the-box, end user applications and services for spatial data management, visualization, and spatial analysis. ArcGIS Server offers open access to extensive GIS capabilities that enable organizations to publish and share geographic data, maps, analyses, models, and more. With ArcGIS Server’s rich standards-based platform, centrally managed, high-performance GIS applications and services can be accessed throughout an organization using browser-based, desktop, or mobile clients. ArcGIS Server offers the following advantages: browser-based access to GIS; lower cost of ownership through centrally managed, focused GIS applications; integration with other enterprise systems; support for interoperability standards; and the ability to create custom applications and services for browser, desktop, mobile, Smart Client, and enterprise deployments using .NET or Java. Optional extensions are available for data interoperability, network-based spatial analysis, spatial modeling, and three-dimensional modeling.

ArcWeb Services JavaScript API

The ArcWeb Explorer (AWX) JavaScript API (http://www.arcwebservices.com) is designed for developers who want to get a working Web-based mapping solution up and running without spending a significant amount of time developing code. The AWX JavaScript API provides access to ArcWeb Services content and a powerful subset of ArcWeb Services functionality. The AWX JavaScript API is designed primarily to enable easy integration of mapping functionality and content into HTML Web applications. Through the AWX JavaScript API, ESRI’s candidate for the GEO Web Portal includes both 2-d and 3-d visualizations of GeoRSS feeds showing incident information related to Societal Benefit Areas.

ESRI’s Commitment to GEOSS
ESRI brings a wealth of experience and expertise to this initiative and a sincere desire to contribute to the advancement of the GEO Web Portal.  Our work with the US Geological Survey, EU INSPIRE, The Nature Conservancy, UNEP, Ireland, Italian Ministry of Environment, the Netherlands Ministry of the Environment, Panama, India, and hundreds of other national, regional and local clearinghouses, map service providers, and GIS portals may all be leveraged in developing the GEO system of systems.  Our ongoing commitment to open geospatial and IT standards is well documented and includes extensive involvement in OGC, ANSI, ISO and W3C standards development initiatives.  ESRI proposes to leverage our relationships with the academic and scientific communities to collaborate on the development of the GEO Web Portal.  In closing, we are very interested in this initiative and committed to working collaboratively to ensure a successful implementation. ESRI understands that GEOSS is a valuable opportunity that can further expand the contribution of GIS in understanding our planet and develop strategies for sustainable development and as such we commit our corporate resources to:

· Collaborate with Group on Earth Observations (GEO) in realizing the Global Earth Observation System of Systems (GEOSS). 

· Stimulate greater access and use of this system of systems.

· Link the GIS professional community with the scientific community using open standards.

· Support the evolution of geographic knowledge and solutions for global monitoring systems and scientific research. 

· Contribute core software development based on open standards to building this system of systems.

· Utilize our domain expertise and professionals in the areas of natural resource management, remote sensing, environmental health, and scientific data analysis, modeling and visualization.  

· Provide continued support for the open standards community and foster collaboration both technically and as an organization.

· Offer our considerable experience of building successful clearinghouses and portals such as Geospatial One-Stop (GOS) and over a hundred similar national, regional and local clearinghouses and portals.

Annex B

Initial Operating Capability Components 

The following components were deployed in 2007 and are listed here using the component types shown in Figure 1.  This information is also part of the GEOSS Initial Operation Capability (IOC) Web Presence
.

B.1
GEO Web Portal Candidates
· Compusult Web Portal 

· ESA-FAO Web Portal  

· ESRI Web Portal

B.2
Community Portals

· Mapufacture (Africa wild fire scenario)

· SEDAC Map Client (Polar E&B scenario)

· GEO Connections Discovery Portal (Polar E&B scenario)

· ESA Service Support Environment (Oil Spill scenario)

· SERVIR data portal (Hurricane scenario)

· GeoConnections Discovery Portal 

· DataFed 

· Earth Observation Grid Processing on Demand 

· GEO-UA 

· Global Biodiversity Information Facility Data Portal 

· INSPIRE geo-portal 

· Incorporated Research Institutions for Seismology Data Management Center 

· GI-go GeoBrowser 

· Information System and Data Center 

· International Directory Network (IDN): A Portal for Ecosystems 

· IDN: A Portal for Forest 

· IDN: A Portal for Global Climate Observing Systems 

· IDN: A Portal for Global Wildfire Data 

· IDN: A Portal for Group on Earth Observations 

· IDN: A Portal for In Situ Instruments 

· IDN: A Portal for Ocean Climate 

· IDN: A Portal for Physical Oceanography Distributed Active Archive Center 

· IDN: A Portal for Tsunami Data 

· IDN: A Portal for Water Management Data in Latin America 

· IDN: A Portal for the International Polar Year 

· NASA Earth Science Gateway 

· NASA Socioeconomic Data and Applications Center 

B.3
Decision-Support Clients

· ESRI ArcGIS Explorer (African Fire Scenario)

· Google Earth (African Fire Scenario)

· Carbon Project Gaia (African E&B Scenario)

· Refractions Research uDig (African E&B Scenario)

· gvSIG (African E&B Scenario)

· METIS viewer Astrium (oil Spill scenario)

· JAXA Earth Monitoring Browser (Volcano scenario)

· SERVIR Viz (Hurricane scenario)

· Compusult WES GeoViewer  (African E&B Scenario), (Polar E&B Scenario), (Oil Spill Scenario)

B.4
GEOSS Registries

· GEOSS Services and Components Registry

· GEOSS Standards Registry

B.5
Clearinghouses

· Geonetwork Clearinghouse

· ESRI Clearinghouse

· Compusult Clearinghouse

B.6
Community Catalogues

· Global Change Master Directory (African Wildfire Scenario) 

· METOP EUMETSAT CSW (oil Spill Scenario)

· SPOT Image Ionic CSW (oil Spill Scenario)

· MUIS Catalogue (oil Spill Scenario)

· SAR ESA CSW (oil Spill Scenario)

· Ionic Catalog CSW (oil Spill Scenario)

· JAXA CSW (volcano Scenario)

· GeoConnections Discovery Portal Catalog (Polar E&B scenario)
· INSPIRE catalogue 

· ECHO 

· GI-cat Federated Catalog 

· NASA Earth Science Gateway 

· U.S. Geospatial One-Stop 
· NASA Global Change Master Directory (CEOS IDN)

· George Mason University CSISS CSW
B.7
Workflow Management

· Catalogue Workflow Spacebel (oil Spill)

· SPS EO Profile Workflow Spacebel (oil Spill)

B.8
Other Business Tier Services

· RSS feed for Fires (African fire scenario)

· RSS feed for Cap (African fire scenario)

· RSS CAP server USGS (Oil Spill Scenario)

· RSS CAP server USGS (Volcano Scenario)

· Standard Archive Format for Europe 

B.9
Observation Access Services

· EO1 SPS - eo1.geobliki.com/wfs/tasking (African Fire Scenario)

· EO1 data (African Fire Scenario)

· Image Data JAXA WMS/CSW (Africa E&B)

· Landsat 7 WMS Global Mosaic (Africa E&B)

· Feasibility Server MISEO Astrium (Oil Spill Scenario)

· MERIS SPS Datamat/ESA ((Oil Spill Scenario)

· SPOT Image SPS (Oil Spill Scenario)

· Sea Surface Temp NERC WMS (Oil Spill Scenario)

· PALSAR Image JAXA WCS (Oil Spill Scenario)

· Wind ASA WMS (Oil Spill Scenario)

· ASAR Image Infoterra/ESA WMS (Oil Spill Scenario)

· SPOT Image WMS/WCS (Oil Spill Scenario)

· ALOS Image JAXA WMS/WCS (volcano Scenario)

· EO-1 image JAXA WMS/WCS (volcano Scenario)

· Atlas of the Cryosphere 

· DataFed WCS 

· IMAGE 2000 

· Integrated CEOS European Data Server 

· JAXA Web Coverage Service 

· JAXA Web Map Server 

· NASA-SSE-HelioClim-1 

· WGISS Test Facility for CEOP prototype system 

B.10
Other Data Access Services

· Gridded Population Data SEDAC WMS (African wildfire scenario)

· Global Land Cover 2000 JRC WMS/WCS server (African E&B scenario)

· Soils data JRC WMS/WCS server (Africa E&B scenario)

· Protected Areas JRC WMS/WFS (Africa E&B scenario)

· Global Bidodivery GBIF Information Facility (data.gbif.org) (African E&B scenario)

· CARMA Caribou migration data Cubwerx WMS (Polar E&B scenario)

· Geology NRCan WMS (Polar E&B scenario)

· Vegetation and Wetlands NRCan WMS (Polar E&B scenario)

· Snow and Ice NSIDC WMS (Polar E&B scenario)

· Land Cover and pop FAO WMS (Volcano scenario)

· Land use and pop JAXA WMS/WCS (volcano Scenario)

· Geogratis 

· NASA Socioeconomic Data and Applications Center 
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� � HYPERLINK "http://www.ogcnetwork.net/GEOSS_IOC" ��http://www.ogcnetwork.net/GEOSS_IOC� 


� For example a page associated with � HYPERLINK "http://earthobservations.org" ��http://earthobservations.org�


� http://geossregistries.info/


� http://seabass.ieee.org/groups/geoss/


� Complete citations for the profiles is provided in the Bibliography


� http://www.ogcnetwork.net/GEOSS_IOC
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