Air Quality Scenario/Thread/Working Group

1 Air Quality Information in the Context of GEOSS

The air quality community spans efforts to monitor the atmosphere (surface, satellite and aerial systems), model future atmospheric behavior and air quality conditions, measure and estimate emissions of pollution and pollution forming gases and particles, and combine earth observations with socio-economic data for decision making analyses. The vision is to have these data available through an interoperability framework that allows them to be used via various subsets and combinations to support specific research and decision applications
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During AIP-2 the Air Quality & Health Working Group tested and evaluated the GEOSS Common Infrastructure (GCI) from the perspective of the air quality community and, in the process, defined an initial AQ Community Infrastructure that connects with the GCI to share, find, and use distributed data services.  AIP-3 is expected to refine and advance the initial architecture through the registration of data and analysis services and usage of the GCI for air quality decision support. 
2 Air Quality Community Infrastructure from AIP-2
The AQ&H WG activities during AIP-2 were captured on the collaborative site used during the Pilot (https://sites.google.com/site/geosspilot2/air-quality-and-health-working-group). In preparation for AIP-3 the results from AIP-2 are being summarized on a newly formed GEO Air Quality Community of Practice site (http://geo-aq-cop.org). 

The following two figures summarize the infrastructure used during AIP-2 and represent a starting point for AIP-3. Data access services are registered into an Air Quality Community Catalog. Registration entails the process of making metadata describing the web service available to the Air Quality Community Catalog. To aid the process of making the metadata available, a web tools was created that extracts metadata information from OGC WMS GetCapabilities and allows data providers to enter information to complete the metadata record in ISO 19115 format. The Air Quality Community Catalog is registered in the GEOSS Registry, meaning information describing the catalog, its type, and location is recorded in the GCI Registry. The GEOSS Clearinghouses retrieve metadata from the Air Quality Community Catalog and provide programmatic search interfaces to the metadata that are used by GEO Web Portals and air quality related web applications and portals. 

[image: image2]
AIP-2 Air Quality Community Infrastructure
Data Providers: AQ databases, data brokers, others – Multiple sources of air quality related data are provided through standard web interfaces.
Air Quality Community Catalog – The Air Quality Community Catalog stores metadata records. The primary AQ Community Catalog was a Web Accessible Folder of ISO 19115 metadata records. 

Metadata Registration Tool – A web form based tool was created that 

GEOSS Registry – The Air Quality Community Catalog is registered with GCI Registry that provides the sources of the underlying metadata used by the rest of the GCI
GEOSS Clearinghouses – The GCI Clearinghouses read the records in the GCI Registry and query the Air Quality Community Catalog for metadata records that are stored in the Clearinghouses. Regular harvesting of the Air Quality Community Catalog is conducted to ensure the latest information is reflected in the GCI.
GEO Web Portals – The three GEO Web Portals are designed to provide a graphical user interface to the GCI. They query one or more of the GEOSS Clearinghouses for metadata records that meet a set of search criteria and present the results.
AQ Web Applications, Portals, and other – Tools developed for particular air quality data searching, visualization and analysis that are able to query the GEOSS Clearinghouses.
Users – Depending on their need, users of the GCI either use the general search and visualization tools provided in the GEO Web Portals or the air quality tailored tools provided through web applications, portals or other mechanisms.
Some level of implementation for each of the infrastructure components was achieved during AIP-2 (summarized in Figure below). Web links to each of the components are available on the GEO AQ Community of Practice site (http://geo-aq-cop.org). 
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Implementation of AIP-2 Air Quality Community Infrastructure

3 Objectives for AIP-3
The objectives for AIP-3 will be finalized by the AIP-3 Air Quality & Health Workgroup Participants during the AIP-3 kick-off meeting. However, based on the work and experience gained during AIP-2, the following provides an initial set of goals for enhancing the use of the GCI:
· Increase the number of data providers with web services registered in GCI
While AIP-2 defined an initial process and some of the infrastructure components needed for registering air quality web services in the GCI, the implementation was limited mostly to OGC WMS services and most of those services were provided through DataFed. The GCI service registration process defined during AIP-2 should be tested and used by a broader set of data providers in order to achieve a more robust and usable process for the air quality community. The availability of a variety of services will allow for refinement of the other, “down-stream” components of the GCI and Air Quality Community Infrastructure.
· Enhance the Air Quality Community Infrastructure
Increasing the number and diversity of air quality data services accessible through the GCI will identify deficiencies in the current air quality community infrastructure. These gaps will be reviewed and modified and the overall infrastructure strengthened. Of particular importance is the robustness of the Air Quality Community Catalog and decisions on its underlying standards and processing for registering services. An example activity for AIP-3 is the development of processes to support registration of OGC Web Coverage Services in the Air Quality Community Catalog. This objective will involve close collaboration with others advancing the AIP through the Transverse Working Groups.
· Relate the GCI to air quality decision processes
As the Air Quality Community Infrastructure is enhanced, opportunities will be pursued to connect the GCI to use cases involving air quality research and decision making.  This objective can be achieved by organizations with existing decision support systems exploring the use of the GCI in their systems or by organizations developing new decision support systems to include use of the GCI in their designs.
A key to achieving these primary objectives is active participation in the AIP-3 by groups and individuals representative of the data providers and users who are envisioned to benefit from the GCI.  Multiple systems serve or are targeting particular user communities within the air quality domain and their participation in AIP-3 will help define a common set of GEOSS-related processes and best practices across the community. Some of these existing systems are summarized in the list below (note the list is not comprehensive and others are invited to extend the list in their responses to the AIP-3 CFP). 
· Related interoperability efforts, including
· HTAP Network (long range transport)
· CEOS Atmospheric Composition Portal (ACP) 
· Community Initiative for Emissions Research and Applications (CEIA)

· GEO India Air (India Air Quality Community of Practice)

· Others as defined by AIP-3 participants

· Information providers and decision support systems, including 
· AIRNow (US near real time monitoring and forecasting)
· AIRNow-International

· VIEWS (regional US air quality decision tools)
· MACC (Europe atmospheric information services)
· SERVIR (Central America monitoring and forecasting)
· Bluesky Framework (US wildfire smoke forecasting and analysis)
· Others as defined by AIP-3 participants
· Systems that established connections during AIP-2, including
· DataFed

· Giovanni

· SEDAC

4 AIP-3 Air Quality Working Group Participant Roles

Participation in the AIP-3 can involve a range of activities. The following role definitions are intended to provide context to potential participants in the AIP-3 Air Quality Workgroup. However, CFP responses are welcome to define other roles that may not fit the given definitions. 
Data provider
Provide access to data and information products that are used in air quality related science and applications. Data providers can make data available at multiple levels for use in AIP-3:
· Web accessible data – provide a persistently available source for data that can be used by another AIP-3 participant to create a standard web interface for registration in the GCI

· Standard web service – Data access though the implementation of a GEOSS recognized standard web service
· Standard web service with core metadata – provide information for the minimum set of metadata requirements for the GCI
· Standard web service with full metadata – provide information for a complete air quality metadata record. 
Infrastructure developer

Contribute to the development of the Air Quality Community Infrastructure and its interfaces to the GCI and systems outside of the GCI. Apply existing services and capabilities to the air quality domain and develop new capabilities where needed.
Data consumer

Work with the user interfaces, applications and portals built on top of the GCI in order to find, understand and access data for particular uses in air quality science and management.

Domain community expert
Provide community perspective, insight and feedback to the design, development, implementation and use of the Air Quality Community Infrastructure. Expertise is useful from any related discipline but particularly from air quality data providers, scientists, managers and policy-makers, information scientists working on interoperability, and others with experience with GEOSS and other environmental information systems.
5 Related GEO Tasks

Air Quality Tasks in the GEO 2009 – 2011 Work Plan related to this part of AIP-3 include:
· HE-09-02a: Aerosol Impacts on Health and Environment

· HE-09-02b: AQ Observations, Forecasting & Public Info

· HE-09-02c: Global Monitoring for Persistent Organic Pollutants

· HE-09-02d: Global Monitoring for Atmospheric Mercury

· DA-09-02d: Atmospheric Model Evaluation Network

· US-09-01a: Earth Observation Priorities for Air Quality & Health

· AR-09-02b: Atmospheric Composition Portal
6 Enterprise Viewpoint – Air Quality

6.1.1 Air Quality Scenario

The AIP-2 Call for Participation outlined a generic air quality scenario that serves as a framework for defining air quality related objectives, use cases and activities during the AIP.  The scenario represents a future end-state that supports multiple uses and applications of the GCI for the air quality community. The goals during the AIP processes are to incrementally develop the infrastructure and content needed to achieve the envisioned end-state. It is likely that only a portion of the scenario and use cases described below will be addressed while working to the objectives of AIP-3. The scenario is expected to be refined based on the experiences and implementations during the AIP.
The air quality scenario envisions GEOSS facilitating two broad goals: building connections to facilitate movement of data between actors, and developing interoperable tools for intercomparison and fusion of a wide variety of atmospheric data.  Readers are referred to the full version of the scenario for more details: http://wiki.esipfed.org/index.php/AIP_AQ_Unified_Scenario
6.1.1.1 Targeted Community

The scenario is focused on three types of end users:
· A policy-maker, needing synthesized information on the importance of intercontinental pollutant transport
· An air quality manager, who needs to assess whether a regional pollution event was caused by an “exceptional event"

· The public, needing information about air quality now and in the near future to make activity decisions

While the scenario describes three distinct sets of end users, each depends upon common upstream actors and synthesized Earth observations.  In fact, the common need for these synthesized atmospheric observations is a primary motivation for the structure of this scenario. 
Given the wide variety of atmospheric processes at many scales, each of the above decisions needs an array of observations and models (listed below).  Each type of data is significantly limited and not able to broadly document the state of the atmosphere. Synthetic fusion and intercomparison of the data will allow analysts to produce a far more complete and accurate description of the atmosphere than obtainable from any one type of data. There are a number of scientific approaches to this challenge, but technical tools for intercomparison, fusion, and processing of air quality data are not operationally available.
This scenario is consistent with GEO project HE-07-03: Integrated Atmospheric Pollution Monitoring, Modeling, and Forecasting in the GEO 2007-2009 Work Plan, and with the efforts of the CEOS Atmospheric Composition Constellation, the development of the GMES Atmospheric Service, and other major international collaboration efforts.

6.1.1.2 Context and pre-conditions
6.1.1.2.1 Actors
A number of actors process earth observations information upstream of the decision makers, who base their decisions on highly synthesized data.  They are described in more detail in the full scenario (http://wiki.esipfed.org/index.php/AIP_AQ_Unified_Scenario).  
Actors Processing and Using Data:  Intercontinental Pollutant Transport Example

For illustration, a “value chain” of actors involved in the Intercontinental Pollutant Transport events is listed here; similar chains for the other events are described in the full scenario.  
· End use decision maker: Policy maker negotiating an agreement on intercontinental pollutant transport
· Information needed:  Synthetic assessment reports quantifying the impact of long-range pollutant transport

· Upstream information processor:  Scientific advisory group  
· Information needed:  Technical assessments of model experiments and synthesized datasets to assess transport
· Upstream information processor:  Scientific task force assessing long-range transport  
· Information needed:  Synthetic description of the atmosphere, using multiple observations and models
· Upstream information processor: Air quality data analysts  
· Information needed:  Wide variety of atmospheric observations, synthetic integrations of this data
Other Actors: Earth Observations Providers
The earth observations required are generally needed for each set of scenario events.  

· Government agencies (National, State/Provincial/Tribal, and/or Local):

· Environmental, Meteorological, Land management, Space agencies
· Industry, Consultants

· Academic and Other Research Institutes 

· International cooperative fora (e.g. WMO, CEOS, EEA)
6.1.1.2.2 Information Available for Scenario (most are not yet accessible through the GCI)
· meteorological data, such as observations from ground-based networks, satellites, radiosondes, and forecasts from numerical models at various geographic and time scales

· geographical data (land use, demographics, emissions-related activity, etc.)

· atmospheric composition (air quality) observations such as surface monitoring networks, satellite observations, radiosondes, ground-based remote sensors, and aircraft measurements

· numerical air quality chemical transport models (at regional to global scales)

6.1.1.2.3 Processing and collaboration functionality needed
· Community Catalog(s) for registering data and services to be harvested by the GCI  

· Community Portal(s) for finding, accessing the data and services from the GCI, 

· Functionality for standard-based access to spatio-temporal data and metadata, and workflow software for service orchestration

· Processes and guidelines for implementing standards and using the GCI

· Community of Practice Workspace(s) where the actors in the scenario can communicate and coordinate their activities. 

Additional functionality and facilities specific to the Air Quality Scenario should include tools for visualizing, and processing observational and modeling data for near real time and for historical analysis.  These tools should facilitate: 

· Integration of multiple observational data sets to create rich n-dimensional descriptions of the atmosphere to improve understanding of atmospheric processes;

· Comparison of observational data to numerical model estimates to improve numerical model descriptions of historical conditions (events or long-term trends); 

· Real-time assimilation of observational data into numerical models to improve numerical forecasts;

· Effective mechanisms for distributing (in near real time) maps/images, descriptive information, and processed data to health, emergency response, and air quality management authorities; to mass media; other research and assessment communities (e.g., health); and the general public. 
6.1.1.3 Scenario Description
6.1.1.3.1 Scenario Events
The interoperable infrastructure envisioned by this scenario will enable analysts to combine wide range of air quality observations, models, and other information, which will ultimately be used to produce a broad range of decision support products for a number of different audiences. Current air quality related projects (see full version of the scenario) are significant building blocks along with the evolving data mediators of the needed networks and tools. 

Assessment of International and Intercontinental Transport of Air Pollution
Assessment of this phenomenon is currently underway by several bodies.  GEOSS can assist these efforts by constructing linkages between the various databases and other existing air quality-related data hubs and by developing and linking tools to facilitate comparison of models, observations, and emissions data.
These capabilities are used to form a more complete and accurate description of the atmosphere than currently available from any one type of atmospheric observation.  Researchers will use these datasets and models to quantitatively assess the importance of long-range pollutant transport.  Research efforts will then be compiled into a detailed report of the task force.  This report is then used as the basis for an synthesis report and executive summary which will finally be delivered to policymakers to inform their decision making process, as international conventions consider initiatives to address long range pollutant transport.

The connectivity and tools developed as part of this effort will be applicable to model evaluation and analysis at the regional scale as well, ultimately benefiting a large community of air quality managers and researchers.

Exceptional Event Analysis
Air quality is periodically influenced by natural and anthropogenic events, such as wildfires and dust storms.  For regulatory purposes in several countries, pollution episodes can be flagged as 'exceptional events' if an area would not have exceeded the pollution standard without the occurrence of an uncontrollable and unusual natural or anthropogenic event.  

An event might be obvious or subtle, so the impetus to examine a given event could come from air quality managers or the wider community.  Analysts at air management agencies or elsewhere would use models and ambient and satellite observations to identify potential events.  Once an event is proposed, relevant data is compiled from those data sources to explore the origin and evolution of the pollution, with data and developing analysis shared in a virtual workspace.  Synthesizing data from the various sources, analysts quantify the effect of the event on the receptor regions, and then compile this information into a report submitted to air quality managers. 

Providing Near Real-Time Air Quality Reports and Forecasts to the Public
Real-time and forecasted air quality information plays a very important role in informing the public about potentially harmful conditions. This information allows individuals to take precautionary measures to avoid or limit their exposure to predicted unhealthy levels of air quality.  Information is needed in a central, accessible, and understandable format.  While air quality report and forecast systems exist in many countries, they depend on ambient monitors.  Such an approach does not utilize many types of Earth observations, and will be less fruitful in many parts of the world due to geography and the expense of a network of real-time monitors.  
These systems depend on continuous air quality and metrological monitoring network, including data and information from other jurisdictions (other regions or nations).  Capabilities for fast assimilation of satellite observations and products are needed.  These observations must be automatically ingested, formatted, and processed (for example, quality assurance) into a database.  Forecasts and reporting are produced from the integration of these datasets.  Current conditions and forecasts are then disseminated to give the public high spatial and temporal information about the location and duration of unhealthy air.  Information is tailored, in some cases, to particular audiences such as emergency managers and health providers. 
The continuous monitoring and high-frequency reporting, distribution, and  forecasting in this scenario event facilitate frequent evaluation of the entire system.  Insights from these checks will not only improve forecasting techniques, but are also useful for improving understanding of the input data and models.  [image: image4][image: image5][image: image6][image: image7][image: image8][image: image9]
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