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Washington University’s Response to the GEOSS AIP-3 CFP

1 Overview

During the GEO AIP-2 Washington University in St. Louis (WUStL) provided air quality data through OGC WMS and WCS services and created an air quality community catalog (AQComCat). These components were used to support the Air Quality community participation by providing an easier way for the AQ community to publish, find and use services through GEOSS standards-based interfaces. 
WUStL proposes to participate in the GEOSS AIP-3 by continuing:

1. To develop an Air Quality Community Catalog (AQComCat) as part of GEOSS Common Infrastructure (GCI)

2. Provide OGC standard-based access to an array of air quality datasets and registering those in (AQComCat)

3. Participate in emerging GEOSS Air Quality Community of Practice (AQCoP). 

2 Proposed Contributions

WUStL will contribute air quality data access services with a focus on providing services that are useful to current Air Quality programs such as the Hemispheric Transport of Atmospheric Pollutants (HTAP) and the Atmospheric Composition Constellation (ACC). WUStL will continue to develop a community catalog. WUStL will also continue help promote the use of the current infrastructure within the developing Air Quality Community of Practice and to participate in the continuing evolvement of GEOSS Common Infrastructure and it’s connection to community infrastructure such as community catalogs and community portals. 
2.1 Societal Benefit Area Alignment and Support

The AIP-3 CFP emphasizes, "[d]o not assume a single participant development or demonstration; rather the developments will show how the various components can interoperate to produce results unique to coordinated activity of the participants.[1]"  The alignment of the AIP with SBAs requires a community effort. 
The WUStL group is committed to supporting the air quality community with data, tools and methods for better AQ analysis and ultimately decision support. WUStL is an active member of the U.S.-based, Earth Science Information Partners Air Quality Workgroup. As part of that group, WUStL has participated in activities surrounding the formation of the GEOSS AQ Community of Practice (AQ CoP). WUStL was also the lead analysts for the AQ section of the GEO Task US-0901a, to establish a process for identifying critical AQ Earth observation priorities. 

To the AIP 3, the federated data system, DataFed offers standard-based data access service to an array of distributed datasets, an array of processing services and a view-based workflow orchestration service, and a data catalog component. These services are applicable to multiple societal benefit areas including effects on human health and ecosystems, air quality management, disaster management and climate change. In accordance with the request in the CFP, these services are persistent “operational, research and technical exemplars”. 
2.2 Component and Service Contributions
WUStL plans to provide air quality data as services through the Air Quality Community Infrastructure. WUStL also plans to continue work through ESIP with the other AIP participants in the air quality scenario in on the GEOSS Air Quality Community Catalogs and Metadata. These components will allow the air quality community to more easily interface with the GEOSS Common Infrastructure (GCI).

Datafed Data Wrappers 
The particular service provided by DataFed is wrapping. Wrappers provide a uniform interface to heterogeneous data by compensating for physical access and syntactic differences. Each wrapper has two sides, one facing the heterogeneous data source that requires custom programming. Data wrappers incorporate the physical server location, perform the space-time subsetting services, execute format translations etc. The other side of the wrapper faces outward toward the internet cloud and presents the uniform interface to the heterogeneous data, i.e. turning data into machine-consumable services. 

Data Access Services and Wrappers DataFed provides standards-based access to a large array of air quality datasets through either OGC WMS or WCS protocols. Such standards-based access is equally applicable to both raw data as well as to data processed through service orchestration that produce spatial and temporal data views.

Experience over the past four years has shown that the placement of lightweight wrapper and adopter components between network nodes is desirable for all network links, not only for legacy connections. They allow non-intrusive modification of service connections in response to environmental changes, e.g. an update of an interface standard. The result of this ‘wrapping’ process is an array of homogeneous, virtual datasets that can be queried by spatial and temporal attributes and processed into higher-grade data products. 
Data Access Services 

DataFed-mediated datasets include surface and satellite observation data as well as model output in point, gridded and image formats. The data are being federated in a collaborative effort with the providers or custodians of the datasets, such as GIOVANNI, NAAPS, VIEWS, AirNow, and NOAA Hazard Mapping System. The list of federated datasets can be found in the DataFed catalog. Datasets available through OGC WCS and WMS include air pollution concentrations from surface monitoring networks, satellite imagery providing surface reflectance or column densities of pollution indicators, numerical model output, and air pollution emissions data. The collaboration with the providers benefits the data federation by assuring proper data access, links to more metadata that is maintained by the custodians and also occasional messages regarding data flow problems. Conversely, data users of the federated data can provide feedback to the custodians. At this time a formal, structured description of the data providence has not been developed in DataFed. Consequently, the data user is not in position to trace the data flow and the processing steps for the offered federated data. 

DataFed Workflow Engine and Processing Services  
In DataFed, the orchestration of processing services is performed by a custom-designed workflow engine using SOAP/WSDL web service interfaces. The workflow is designed for chaining both DataFed services as well as other, external web services. Likewise, DataFed’s services are available to, and have been integrated with, other organization’s workflow software. The workflow engine for the orchestration of web services is unique in the sense that the service flows generate data views that can be controlled and embedded directly into application software. The Service Oriented Architecture (SOA) of DataFed is used to build data views by connecting the web service components (e.g. services for data access, transformation, fusion, rendering, etc.) in Lego-like assembly. The generic web-tools created in this fashion include browsers for spatial-temporal exploration, multi-view consoles, animators, multi-layer overlays, etc. As an example, third-party thin client web applications have been created for air emissions data in NEISGEI where Javascript was used to dynamically modify the settings in data views, thereby allowing the application user to control their space-time-parameter analysis. DataFed was the underlying workflow engine that connects distributed data access and processing web services to the user controls in the web application. We anticipate the development of custom web applications for addressing user needs in the AIP air quality scenarios. 
For more information on DataFed see references 2-5. 
Air Quality Community Catalog (AQComCat)
The community catalog is a component contributed by WUStL, through the Earth Science Information Partners and is registered in the GEOSS Component and Service Registry as both a component and a service. The initial catalog was a Web Accessible Folder (WAF). For AIP-II this was the simplest option since the only criteria is that there is a folder accessible on a server and the WAF is “agnostic” to what metadata format is used. 
In AIP-3, WUStL will work to make the AQComCat more robust with standard CSW interface. Also additional work will be made in order to provide machine interface connections for machine registration of AQ datasets. 

GEOSS Registration of Catalog Component: http://geossregistries.info/geosspub/component_details_ns.jsp?compId=urn:uuid:089197b9-3abd-42fb-afe2-c431cdd2204f
GEOSS Registration of Catalog Service: http://geossregistries.info/geosspub/service_details_ns.jsp?serviceId=urn:uuid:fa0874bf-3797-447f-aeea-c3644a7e0527
AQ Community Metadata Records:

One of the goals of the AIP-II was to identify a GEOSS record that could be common for all Earth observations. A common set of queryable fields for all Earth observations has emerged as a potential GEOSS Record: Dataset title, abstract, geolocation, temporal extent, keywords, service type, metadata file ID and associated component (catalog information). This set allows for text search as well as spatial and temporal searches of the GEOSS Clearinghouse. WUStL will continue to support this work during AIP-III in conjunction with the SIF. 

Using ISO 19115 geographic information metadata standard, the AIP-2 AQ Workgroup built on the initial GEOSS record with AQ-specific fields to define the AQ Community Metadata Record: measurement platform, instrument, domain, parameter, time resolution, vertical resolution, data type, data originator and distributor. 

Having a community agreed upon record allowed AQ datasets to be found in the clearinghouse and for AQ-specific search mechanisms, such as the AQ uFIND, to be built on top of the clearinghouse, so that users can filter records by AQ-specific facets.


To see a list of the AQ Community Metadata Record Fields: http://spreadsheets.google.com/ccc?key=pG0cD35SB_A8VMbcoUGpkUg&hl=en
Sample Record: http://capita.wustl.edu/DataspaceMetadata_ISO/DataFed.AERONET_H.Angstrom_340_440.xml
Metadata Workspace from AIP-2: http://sites.google.com/site/geosspilot2/air-quality-and-health-working-group/aq-community-catalog---publish-register-harvest
AQ uFIND 

AQ uFIND (Fig. 1) is the web service-based, faceted interface to the AQ datasets: user-oriented Filtering and Identification of Networked Data (uFIND). The purpose of uFIND is to provide rich and powerful facilities for the user to: discover and choose a desired dataset in the GEO Clearinghouse by navigation through the multi-dimensional metadata space using faceted search, seamlessly access and browse datasets and use uFINDs facilities as a web service for the mashups with other AQ applications and portals. Datasets found through uFIND will be accessible through standard OGC WCS, WMS data access protocols and thus viewable in any standard WMS browser. A major perceived contribution of the proposed work is an infrastructure for the harvesting, harmonization and continuous augmentation of metadata through the metadata flow system. 
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Figure 1. AQ uFIND facets

AQ uFIND was developed as part of AIP-2. It is limited to only finding datasets that were registered in the AQComCat. During AIP-3, AQ uFIND will be extended to incorporate all datasets that follow the AQ metadata record even if they are registered in separate catalogs. 

AQ uFIND: http://webapps.datafed.net/AQ_uFIND.aspx
AQ uFIND documentation: http://aq-ufind.blogspot.com/search/label/about
2.3 Architecture and Interoperability Arrangement Development
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Figure 2. Air Quality Community and GEOSS Architecture
The diagram above shows the general schematic of the AQ Community Infrastructure from AIP-2. WUStL will be active in solidifying the connections between these components, improving the metadata and data flow through the system and helping other AQ data providers to share their data through this system. 

WUStL also plans to continue work with the SIF during AIP-3 to implement the GEOSS record as it is defined by the SIF. 

Finally, WUStL is participating in Interoperability Workshops facilitated by ESIP. These workshops are designed to establish what services data providers in the AQ Community have currently implemented and then to establish conventions to harmonize among the participants.  


For more information on the Interoperability Workshops:  

http://wiki.esipfed.org/index.php/Standards_Implementation_Virtual_Workshops
3 Description of Responding Organization
From Wikipedia: Washington University in St. Louis is a private, coeducational, non-sectarian research university located in St. Louis, Missouri. The University was co-founded in 1853 and offered its first four-year Bachelor of Arts degree in 1859. The University includes 7 graduate and undergraduate schools, encompassing a broad range of academic fields. In the 2007 U.S. News & World Report rankings, its undergraduate program is ranked 12th in the US. Washington University has an active Engineering program, which includes Geospatial Environmental Research and numerous collaborations on geospatial interoperability as part of OGC, GEOSS and bilateral arrangements. Washington University is a member of OGC since 2003. 

Interoperability demonstrations and pilot studies are an integral part of the GEOSS development process and these require the active participation of its autonomous members. DataFed has participated in these developments of the System of Systems as a ‘dual citizen’; it has its own internal and custom architectural elements to meet its particular objectives but at the same time implements standard architectural elements to allow connecting and sharing with other systems. Beyond coexistence, it strives to cooperate, co-evolve and ultimately merge with other data federations. To that end, the developers of DataFed have actively participated in a wide range of interoperability studies. 

GALEON (Geo-interface to Atmosphere, Land, Earth, Ocean netCDF) is an OGC Interoperability Experiment [5] to support open access to atmospheric and oceanographic modeling and simulation outputs. This is an active and productive group working on the nuts and bolts of ES data modeling and interoperability. The GEOSS Services Network (GSN) [6] is a persistent network of a publicly accessible OGC services for demonstration and research regarding interoperability arrangements in GEOSS. GSN is the basis for demonstrations in the GEOSS Workshop series [7]. The DataFed group, has actively participated in the Beijing and Denver [7] workshops and organized the interoperability experiment for the Barcelona workshop [8]. 

The ESIP Air_Quality_Cluster [9] is an activity within the Federation of Earth Science Information Partners, ESIP [10]. It connects air quality data consumers with the providers of those data. The AQ Cluster aims to (1) bring people and ideas together (2) facilitates the flow of earth science data to air quality management and (3) provide a forum for individual AQ projects. The DataFed group is active in the evolution of the OGC WCS specification to air quality data. A specific goal is to include into OGC WCS point coverages arising from surface-based monitoring networks.
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