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VIEWS Response to the GEOSS AIP-2 CFP

1 Overview

VIEWS1/TSS2 employs an advanced data acquisition and import system to integrate data from several air quality data centers into a single, highly-optimized data warehouse. Ground-based measurements from dozens of monitoring networks, air quality modeling results, and detailed emissions inventories are imported and updated on a regular basis using a generalized, uniform data model and carefully standardized metadata. Names, codes, units, and quality flags from the source datasets are carefully mapped to a unified paradigm, and native formats and organizations are transformed into a common, normalized database schema. This design enables users to explore, merge, and analyze datasets of widely-varying origin in a consistent, unified manner with a common set of tools and web services. This degree of interoperability allows decision-makers to analyze diverse datasets side-by-side and focus on high-level planning strategies without having to contend with the details of data management and manipulation.

The data resources and tools provided by VIEWS/TSS contribute toward the three primary objectives of the GEOSS Architecture Implementation Pilot (AIP) Phase II:
· Supporting the development of the Health Societal Benefit Area (SBA) for Air Quality
· Establishing a set of persistent “operational, research and technical exemplars” services that support the GEOSS societal benefit areas (AIP CFP)
· Modifying the GCI architecture by providing community interfaces for adding and accessing data. It is hoped that the feedback from Phase II of AIP will help in improving these components.
The data, metadata, tools, and data exchange protocols of VIEWS/TSS are being developed to be compatible and interoperable with the GEOSS architectural standards, and the existing software infrastructure of VIEWS/TSS is being re-factored to support and promote a Service Oriented Architecture (SOA) approach to air quality data exchange. VIEWS/TSS represents a unique platform for developing decision support tools in conjunction with GEOS standards in the context of ongoing input and feedback from a wide community of air quality data end users.
2 Proposed Contributions

2.1 Societal Benefit Area Alignment and Support
VIEW/TSS is in a unique position to contribute to the AIP Air Quality Scenario because 1) the two primary GEOSS goals for this scenario of a) building connections to facilitate movement of data between actors and b) developing interoperable tools for inter-comparison and fusion of a wide variety of atmospheric data have also been primary goals of VIEWS/TSS development from the outset. In addition, the three end users that the Air Quality Scenario focuses on (policy-makers, air quality managers, and the public) are primary end users of VIEWS/TSS which depend upon the synthesized air quality datasets provided by the system.
State and local agencies, regional planning organizations, and federal land managers currently use the data and resources of VIEWS/TSS for urban-to-regional-scale air quality planning in order to meet the National Ambient Air Quality Standards3 and address visibility impairment in the Federal Class I areas. Information and data concerning 1) intercontinental pollutant transport, 2) exceptional events, and 3) projected air quality trends is critical to the air quality planning process and the formulation of effective emissions-control strategies on both local and regional scales, and VIEWS/TSS is designed to provide such data and the tools for visualizing and analyzing it. Specifically, a variety of benefits of VIEWS/TSS to end users are listed in the following Integrated System Solution chart under the “Value and Benefits to Society” section.
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Figure 1: VIEWS/TSS Integrated System Solution (ISS) Chart

As noted in the CFP, effective air quality decisions necessitate a wide array of observations and models, given the wide variety of atmospheric processes at many scales. The data acquisition, import, and post-processing systems of VIEWS/TSS are designed to synthesize atmospheric data from a broad spectrum of monitoring sources, air quality models, and emissions inventories with an online suite of integrated analysis tools to provide users with a unified framework for making air quality decisions. The data flows and “fusion” facilitated by the VIEWS/TSS architecture are depicted in the following “Data Value Chain” diagram:
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Figure 2: VIEWS/TSS Data Value Chain Diagram

In summary, the database and software infrastructure of VIEWS/TSS can be immediately leveraged for the realization of the societal benefits sought by the Air Quality Scenario of the AIP, and are being further developed on an ongoing basis to be compatible with the GEOSS architectural guidelines.

2.2 Component and Service Contributions
The VIEWS/TSS team plans to contribute components and services to the AIP in the general categories of 1) air quality data access, 2) air quality data visualization and analysis, and 3) air quality metadata management. VIEWS/TSS as a whole is already registered in GEOSS as a component, and the development team will continue to refine this registration with specific details about the subcomponents and services offered by VIEWS/TSS.
2.2.1 Air Quality Data Access Tools
The VIEWS Integrated Database is currently designed to provide interactive access to air quality data in a variety of contexts and formats via the tools on the VIEWS/TSS websites. These tools are being further developed according to a Service Oriented Architecture to provide their data via standardized XML web services and data exchange protocols such as WMS, WFS, and WCS. Going forward, these tools will be refined to be fully compatible with the GEOSS Common Infrastructure (GCI) and to be interoperable with other GEOSS systems. Users will be able to discover, select, and download air quality datasets from VIEWS/TSS using a variety of common platforms, tools, and practices, without needing to be aware of the storage and implementation details of the VIEWS/TSS database or software infrastructure.
2.2.2 Air Quality Data Visualization and Analysis Tools
Many air quality visualization, analysis, and mapping tools are currently implemented on VIEWS/SS and many other tools are in various stages of “alpha” and “beta” development. In addition, new and existing tools are being evolved to serve a broader range of applications beyond visibility and regional haze. Many users already use VIEWS tools for epidemiological and climate change research, and the integrated database is currently being expanded with ozone and criteria pollutant data from AQS as well as a broad range of satellite data from NASA. Soon, an end-to-end suite of monitored, modeled, emissions, and satellite data will be available for visualization and analysis using an expanded suite of online tools on the VIEWS/TSS websites. These tools will be further refined to provide their output products according to the GCI, such that both their inputs and outputs are seamlessly interoperable with other GEOSS systems.

2.2.3 Air Quality Metadata Management Tools
A critical component of data discovery and use is the metadata associated with the earth observations. Managing this metadata is often a significant and time-consuming aspect of air quality data management in general. The VIEWS/TSS team is developing several tools to help monitoring network investigators and modeling data producers organize and manage the various metadata associated with key datasets, and these tools will be compatible with the GCI.
2.3 Architecture and Interoperability Arrangement Development

The VIEWS/TSS development team is currently collaborating with partners in the air quality community who have been instrumental in developing the description of the Air Quality Scenario in the AIP Call for Participation, and is committed to supporting and contributing to the continued development of the architectural and interoperability components of the GEOSS Common Infrastructure. Specific plans for these contributions are currently being developed, and will be communicated in future revisions of this VIEWS/TSS response to the AIP CFP.
3 Description of Responding Organization
In 2002, a steering committee composed of representatives from the EPA and the five Regional Planning Organizations (RPOs) – Western Regional Air Partnership (WRAP), Central Regional Air Planning Association (CENRAP), Midwest Regional Planning Organization (MRPO), Mid-Atlantic/Northeast Visibility Union (MANE-VU) and Visibility Improvement State and Tribal Association of the Southeast (VISTA) – decided to extend the contract between CIRA and the Western Governors Association (WGA) in order to develop and expand the existing WRAP online ambient monitoring database into a national system called the Visibility Information Exchange Web System (VIEWS). As a result, the VIEWS development team designed and implemented an improved database management system and a new website to serve as the foundational elements of VIEWS, based upon requirements and feedback from the VIEWS steering committee. Over the next few years the user base for VIEWS grew significantly, as did user requests for additional datasets and new functionality. Based largely upon its popularity and success within the general air quality community, VIEWS was selected by the WRAP in 2005 to serve as the foundational architecture and starting point for the development of the WRAP’s Technical Support System (TSS), a high-level planning and decision and support system intended to aid the development of state and tribal Implementation Plans in the WRAP as required by the Regional Haze Regulations4. The TSS was built upon the database and software infrastructure of VIEWS, and the first version was launched in early 2007. The TSS is designed to be a portal to the technical data and analytical results prepared by WRAP Forums and Workgroups in support of the air quality planning needs of western state and tribes. These resources are maintained and updated to support the implementation of regional haze plans and other air quality analysis and management activities. The TSS consists of an extended suite of analysis and planning tools designed to help planners develop long term emissions control strategies for achieving natural visibility conditions in Class I Areas by 2064. The architected combination5 of VIEWS and the TSS represents an integrated system that supports a unique synergy of national and regional air quality objectives by providing a consolidated, online system of data access and decision-making tools to planners, researchers, stakeholders, policy makers, and federal agencies nationwide.

VIEWS/TSS has been developed by the Cooperative Institute for Research in the Atmosphere (CIRA)6, which also operates the Data Processing Center (DPC) for NASA’s CloudSat mission and houses NOAA’s Regional and Mesoscale Meteorology Branch (RAMMB), two in-house resources that provide extensive experience and infrastructure for managing and applying a wide variety of satellite data. In addition, VIEWS/TSS consolidates the data resources of the WRAP’s Emissions Data Management System7 (EDMS), Regional Modeling Center8 (RMC), and Fire Emissions Tracking System9 (FETS). The integrated systems approach that has been used to design the framework of VIEWS/TSS allows developers to leverage and add value to these significant investments in data, expertise, and information technology.

VIEWS/TSS users are typically asking questions of “What pollutants are impacting a given area?” and “Where are these pollutants coming from?” The answers depend upon accurate assessments of aerosol loading and source attribution, and FLMs and states are occupied on an ongoing basis with these goals. States are further mandated to answer the question of “What can be done to reduce these impacts?”, because the Regional Haze Rule requires states and tribes to develop implementation plans for reducing emissions and demonstrating reasonable progress towards doing so, and these plans must provide for an improvement during the 20% worst visibility days while also ensuring no degradation during the 20% best visibility days. To accomplish this, users must identify the pollutants, quantify their amounts, and determine the sources of anthropogenic emissions that contribute to this pollution on both the “best” and the “worst” visibility days in a given area. They must then determine available control measures for each source and evaluate these measures on the basis of costs, time, energy and environmental impacts, and the remaining life of the source. Planners then employ these analyses to make decisions about what controls to implement, to estimate projected improvements, and to track their progress in reaching these goals. The resulting decisions have obvious ecological impacts, but can also have important political and economic impacts in the sense that deciding which sources to control is a politically-significant issue and the process of controlling emissions and tracking progress costs money and takes time.

The VIEWS team maintains a comprehensive database of air quality data from over two dozen monitoring networks and is constantly acquiring new data sets and adding new networks. The VIEWS website offers many tools and resources, including the Database Query Wizard, an air quality trends tool, an aerosol species composition tool, a monitoring site metadata browser, a dynamic contour-mapping tool, general-purpose charting and graphing tools, visibility photographs, Class I Area webcams, and more. The VIEWS website currently has over 1100 registered users from over 100 different countries and hosts thousands of visitors each month. The VIEWS team also develops and maintains the IMPROVE website, the WRAP Technical Support System (TSS), and the Air Toxics Data Archive10 (ATDA), all of which utilize the foundational database and software architecture developed for VIEWS. Ongoing development and maintenance of VIEWS is conducted by Colorado State University's Cooperative Institute for Research in the Atmosphere (CIRA) in Fort Collins, Colorado. Visitors to VIEWS are encouraged to register and provide comments, questions, and feedback to the VIEWS team regarding all aspects of the website and database.
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