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Abstract – GEO and its committees call upon Communities of Practice (CoPs) to inform them about user needs and contribute to the construction of GEO Infrastructure and the activities in the GEO Work Plan.  In the field of air quality, many contributors are engaged in GEO activities, including the effort to build a common air quality community infrastructure for GEOSS.  There are also many active air quality communities (beyond the GEO domain), each with their own missions and activities.  Nevertheless, there remains a need for a broadly-scoped, international Air Quality CoP working with GEO.  This CoP should grow from current activities as a common entity in which diverse organizations come together to advance air quality goals and GEOSS.  GEO, its committees and groups, and the broader air quality community would benefit from the communication, feedback, and coordination across organizational and political boundaries that an Air Quality CoP could provide.  
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1. INTRODUCTION

The GEO community envisions Communities of Practice (CoPs) as important links between several groups: committees overseeing GEO; the various individuals and groups working to build GEOSS (the Global Earth Observation System of Systems); practitioners who collect and analyze Earth observations; and end users who rely on those observations, and information derived from them, for decision support.  Various disciplines and communities will need different data and functionality from/in GEOSS; GEO will rely on CoPs to effectively prioritize and communicate these needs with GEO.

The air quality community has engaged in a number of activities related to GEOSS, including activity under the Architecture Implementation Pilot (AIP) and several other Tasks in the GEO Work Plan.  The participants in these activities include cross-institutional groups focused on a problem (e.g., long-range pollutant transport), a method or methods (e.g., deriving air quality information from remotely sensed data), or in a particular country or region (e.g., in the US, the Federation of Earth Science Information Partners, ESIP).  However, there is not a common group which is engaged with this broad range of participants.  As GEOSS is developed, with the intention to serve all of these groups, communication and coordination across these groups is becoming more important.  

Communities of Practice are generally defined as groups of people who interact about a common activity of interest with the objective of exchanging information, collaborating and learning how to improve that activity (Wenger, c. 2007). The definitions of CoPs stem from the field of knowledge management, an active area of research due, in part, to the ability for CoPs to form through the Web. From the air quality perspective, it seems the time is ripe to harness the substantial activity related to GEOSS and formalize a community of practice with the goal of improving GEOSS and its utility to air quality science and decision processes.
In Section 2, we review several active air quality initiatives which are particularly congruent with GEOSS.  These include direct efforts to build aspects of GEOSS and also activities that exemplify the type of decision support that GEOSS should facilitate.  In section 3, we describe a community vision for how GEOSS will provide several diverse types of decision support and how a CoP will help realize this vision.  In the concluding section 4, we invite participation in the Air Quality CoP.

2. AIR QUALITY ACTIVITIES RELEVANT TO GEOSS 
This section is by no means an exhaustive list of air quality activities of importance to GEO and GEOSS, or congruent with the effort to build GEOSS.  Rather, these examples illustrate the breadth of activities occurring that could come together in forming an Air Quality Community of Practice.  
2.1  GEO AIP Activity: Building a GEOSS Air Quality Community Infrastructure 
Over the past two years, the GEOSS Architecture Implementation Pilot (AIP) has collaboratively created the GEOSS Common Infrastructure consisting of registries for data, services, and standards; clearinghouses for harvesting metadata and providing API metadata search interfaces; and portals that provide graphical user interfaces (GUI) to the clearinghouses. As part of this Pilot process, an Air Quality & Health Working Group has improved the metadata associated with a given air quality data access service and has developed an Air Quality Community Catalog and Portal. The standard metadata is stored in the Air Quality Community Catalog and is harvested by the GEOSS clearinghouses. The Air Quality community portal facilitates service registration for air quality service providers and allows service users to connect to and use the GEOSS infrastructure, which in turn allows sharing of data, tools and information for a variety of uses and leads to better air quality research and decision-support.
The portal and catalog being developed by the GEO AIP air quality working group will serve as interfaces to the GEOSS Common Infrastructure for air quality practitioners.  (See paper TS-34-4, immediately following this paper; see also GEOSS AIP Air Quality Workspace, 2009.)
2.2  Air Quality Systems for Public Information and Forecasts

AIRNow-International and other systems deliver air quality information and forecasts to the public and to health providers.  These programs build communities focused on data sharing while they build infrastructure which will expose data to GEOSS.  A number of these programs have committed to work together to increase the availability of air quality information and forecasts globally under GEO Task HE-09-02b.  (See papers TS-34-1 and TS-34-2, preceding this paper.)
2.3  Air Quality Management Applications
In the past, air quality management typically relied on dedicated measurements of pollutant emissions, ambient concentrations, pollutant transport, and effects on human health. These measurements were performed by local, regional, and continental-scale control agencies. The complexity of atmospheric chemical systems, the long chain of the cause-effect relationships, and the increasingly trans-boundary nature of pollutant transport require that air quality management-related information is shared among multiple agencies and re-used for different applications.  GEOSS provides both a model and a suitable infrastructure for the data networking among air quality management and other agencies. The human aspect of these connections could be facilitated by shared Community of Practice (see section 3.2).

2.4 International Initiatives to Study Intercontinental Transport and Evaluate Air Quality Models
A number of initiatives are currently ongoing to assess the impact of long-range transport of air pollution for decision support.  The technical challenge of assessing long-range pollution transport requires analysts to combine disparate types of data (e.g., chemical transport model results, satellite observations, emissions estimates, etc.) – no single data source is adequate to address this phenomenon.  In response, these efforts have built interoperable tools for data comparison and integration,  made machine-machine connections to facilitate data integration, and defined metadata standards to facilitate these comparisons / integrations.  
Organizationally, these efforts include broad initiatives, such as the Task Force on Hemispheric Transport of Air Pollution, organized under the LRTAP Convention to assess intercontinental pollution of a number of pollutants (TF-HTAP, 2009).  There are also initiatives that assess transport of particular pollutants, such as the Partnership on Mercury Air Transport and Fate Research (Partnership, 2009) and the Atmospheric Brown Cloud Initiative (ABC Initiative, 2009).  
Complimenting these efforts, which are focused on decision support, are initiatives focused on evaluating air quality models.  For example, the Air Quality Model Evaluation International Initiative is motivated in part by the need to robustly compare regional air quality models which were originally built to focus on a particular region, so that they can be used to assess intercontinental transport.  
The air quality Community of Practice should build upon these efforts, as these groups need GEOSS to be effective for air quality practitioners and have accomplishments and experience that should be made available through and reflected in GEOSS. 
A number of GEO Work Plan tasks are relevant to this area, including DA-09-02d, Atmospheric Model Evaluation Network; HE-09-02c, Global Monitoring Plan for Persistent Organic Pollutants, and HE-09-02d, Global Monitoring Plan for Atmospheric Mercury.

2.5  CEOS ACC

The Atmospheric Composition Constellation (ACC) within the Committee on Earth Observation Satellites (CEOS) is a virtual space-based constellation of sensors focused on observations needed to understand and improve predictive capabilities for changes in the ozone layer, climate forcing, and air quality (Hilsenrath et al., 2008).  Development of the ACC includes collaboration across international space agencies and is being pursued through projects that demonstrate how added value can be obtained by combining satellite data sets.
A related activity within CEOS is the recent planning for an Atmospheric Composition Portal that is envisioned to help foster interoperability and application of atmospheric composition data, information and services worldwide by providing access, tools, and contextual guidance to scientists and value-adding organizations using remotely sensed atmospheric composition data, information, and services. Both the CEOS ACC and AC Portal are being developed with an eye toward supporting GEO and GEOSS.
3.  GEOSS and air quality decision-makers
3.1  How GEOSS will Serve Diverse Decision-Makers

In 2008, the Air Quality Workgroup (formerly AQ Cluster) in the US-based Federation of Earth Science Information Partners (ESIP) worked together to develop an air quality scenario for the 2008 GEO Architecture Implementation Pilot Call-For-Participation.  This scenario describes how an interoperable system-of-systems will benefit several types of end-users, who make very different kinds of decisions, by making it possible for analysts to find and use Earth observations, model outputs and forecasts, and tools for comparing / integrating / fusing these data.   Here we summarize that scenario, which can be found in full in the call-for-participation (AIP CFP, 2008).

For the most useful decision support, several types of Earth information need to be compared and integrated, including
-  satellite observations of air quality and meteorological conditions
- in-situ observations of ambient conditions, primarily surface measurements of concentrations, visibility, etc.

-  models of meteorology and chemical transport models

- emissions data, fire observations (i.e. from satellites), LIDAR, other relevant observations. 
An important theme is that these data sources are not adequate for decision support by themselves.  The scenario describes how service-oriented software, data components, and services, found and accessed through GEOSS, will enable analysts to fuse models and disparate observations to arrive at improved estimates of current air quality conditions, forecasts, and historical trends.  These improved estimates in turn improve decision support.  The scenario provides three examples of decision makers it supports:

1.  A policy maker, who needs synthesized historic analysis about the influence of intercontinental pollution transport.

2. An air quality manager, who needs synthesized information about specific events, to assess whether they qualify as ‘exceptional events.’

3.  The public, who need information about air quality, now and in the near future, to make activity decisions.

While these individuals use different information to make these decisions, the synthesis of that information depends upon a common pool of observations, information, and tools.  
With an interoperable system-of-systems, the air quality analysts who produce the synthetic information delivered to the decision-makers can efficiently use multiple data types.  Moreover, they can find and use interoperable tools to compare, combine, and integrate those data.  This is envisioned to produce better decision support than current approaches, as analysts are able to compare, integrate, and fuse data from different sources and easily use different methodologies and approaches to produce better approximations of the historical and current condition of the atmosphere.  
3.2  The Role of the Air Quality Community of Practice in this Scenario
In the preceding section, we describe how end-users will use decision support information derived from a diverse pool of observations, models, tools, and value-added information.  An active Community of Practice will be needed to build and maintain this rich system-of-systems.  This CoP will need to:
- Build and maintain core portions of the AQ community infrastructure (including the portal and catalog) to support the contribution and use of the common pool of resources.
- Collaboratively define the needed common pool of data, information and tools for the air quality community, and work to make those resources available and usable in the GEOSS framework.
- Collaboratively define conventions and best practices for contributing to and using that common pool.
Historically, much of the effort to build GEOSS, and most of the components and services registered in the GEOSS infrastructure, have come from governmental agencies registering large datasets.  To achieve the vision described here, the air quality community will need broader engagement, simply because (unlike global data sets) the tools, conventions, and best practices for adding value to Earth observations do not predominantly reside in data provider agencies.  
Eventually, the forum provided by the CoP will develop the standards for these interoperable tools, just as in the AIP the community is developing metadata standards to make registration of services facile and useful.  Moreover, it will also be a forum to share and develop the tradecraft to build decision support.  
The broad range of decision support described in section 3.1 depends directly upon air quality analysts.  There is not a clear, organized group representing / organizing this community.  This is both a need and an opportunity for the GEO Air Quality CoP, and the loose, non-directive federation of the CoP will be appropriate for this community.  
4. CONCLUSION
The AQ CoP should be an aggregation of multiple communities that coordinate in areas they have in common. In many ways, the structure of CoPs reflects some of the core principles of GEOSS – that diverse organizations collaborate in those areas where they have a shared interest but remain distinct in those areas in which they are unique. In the case of an AQ CoP, the area of interest is making GEOSS work for air quality decision support; the groups interact in a shared vision for GEOSS but remain independent in their specialty areas (long range transport, remote sensing, global modeling, local air pollution monitoring, etc.). 
The development of an AQ CoP is in its very early stages and this call to participate is intended to help describe a CoP that is meaningful and adaptive to its wide range of potential contributors.  Clearly, as participants contribute, this vision will evolve.  
We invite your participation and engagement in this Community of Practice.    
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