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Overview

In the mid-1990s, the visibility measurement method at airports was converted from human observation to an automated monitoring network, the Automated Surface Observing System (ASOS). The network consists of hundreds of sensors that collect a measure of visibility at one-minute intervals. The high spatial and temporal resolution of the ASOS network make it an attractive data set for use in air quality assessment because of the strong relationship between degraded visibility and fine particle concentrations.  However, the high resolution ASOS data are not currently archived or available in a format appropriate for air quality studies. This white paper describes the development of a web-based visibility information system for the access, processing and dissemination of ASOS visibility data for the air quality community.

Background

Visibility is an easily perceived environmental parameter. Distant objects that are normally viewable by an observer on a clear day are often obscured from vision when the atmosphere is hazy. A reduction in how far one can see through the atmosphere is a public concern for two primary reasons; first, it impacts the aesthetics of the outdoors and second, air pollutants involved in visibility degradation can adversely impact health. The main contributor to visibility reduction is fine particulate matter, or PM2.5. The size of fine particles make them efficient at scattering light (Malm, 1999). An increase in fine particle concentrations results in roughly proportional increase in light scattering and decrease in visual range, provided that fog, rain and other weather factors are properly considered. This close relationship makes visibility measurements well suited for particulate matter studies, particularly for studying the hour-to-hour movement of hazy air masses. 

The aviation community is also concerned with visibility conditions near runways and receives visibility measurements from a monitoring network at airports throughout the U.S. The monitoring was initially done by a human observer on a tower who identified landmarks in the distance. Depending on which landmarks were discernable, the observer determined the visual range for a particular hour. During 1994-1997, the practice of human observation based visibility monitoring was replaced by the Automated Surface Observing System (ASOS) (ASOS, 2000).  Automated methods for measuring visibility do not directly measure visual range but derive it by measuring the amount of light that is being scattered by particles in the atmosphere. The ASOS network provides a measure of light scattering every minute. However, this high temporal resolution data are not permanently archived.

Hourly visual range data from about 900 ASOS monitors are available only at a quantized resolution of 18 binned ranges with a visual range upper bound of 10 miles. Studies have shown that visual range values beyond 10 miles measured by the ASOS sensor can meaningful be used to derive particulate matter concentrations except in particularly clean air (Richards et al., 1996). The current restriction on the available range and resolution of the data limit their application to air quality studies. 

The use of ASOS visibility data would make a significant contributions to the air quality community. Example applications of ASOS visibility data include:

· Estimating hourly and daily PM2.5 concentrations 

· Mapping of PM2.5 concentrations

· Supporting data for providing interpretation of visibility webcams

· Visibility and PM2.5 pattern and trend analysis

· Integration with other data, such as the National Park Service’s IMPROVE 

· Supporting EPA’s Regional Haze Rules

· Supporting air pollution health effect studies

Objectives

This white paper describes a collaborative project for developing an infrastructure and a system for making the high-resolution ASOS data web accessible and suitable for use in air quality monitoring and assessment programs.

The project’s objectives are to:

· Collect and quality control an archive of the ASOS visibility data

· Deliver processed hourly visibility data to public and air quality communities

· Use a Web-based system to support the acquisition and dissemination of visibility data

General Approach

A Web-based Visibility Information System (WebVIS) is characterized by three general components: Data Acquisition and Processing, Data Storage and Web-enablement, and Application to Air Quality Assessment.

Data Acquisition and Processing: The National Weather Service ASOS visibility and meteorological data will be acquired from the ASOS sensors. The “raw” 1-minute data will undergo QA/QC, filtering for meteorological effects (precipitation, fog, etc.), correction for high relative humidity, and aggregated to 1-hour values. The filtering and correction for meteorological effects is done to remove low visibility measurements that are not primarily caused by air pollution.

Data Storage and Web-enablement: After the multidimensional data have been processed, they must be formatted and stored in a database that enables their web access and query. The data formats and web access methods will be compliant with Open GIS Consortium specifications (OGC, 2001).

Application to Air Quality Assessment: The final phase of the WebVIS is retrieval and incorporation of the visibility data into air quality monitoring and assessment programs. A national scale and a local scale application of the multidimensional visibility data will be pursued during the proposed project. The applications will use GIS-type tools that allow visibility data browsing, mapping, integration, and analysis.

While the components described above are linked sequentially in practice, their development can be pursued in parallel. This will be necessary because it is anticipated that access to the raw ASOS data from the National Weather Service will not be possible until FY2002. As the WebVIS is developing, two alternate sources of visibility data will be available to substitute for the full resolution ASOS data. Data from about 100 ASOS sensors that are currently archived and synoptic surface visibility observations from the Naval Research Laboratory in Monterey, CA will be used for WebVIS testing.

Other than the specific visibility data processing, the WebVIS components will be transferable to other spatio-temporal data sets. The web-based databases, data formats, data viewers and browsing tools allow for integration of datasets that are distributed on multiple servers throughout the Web.

Project Partners

The approach described above requires the collaboration of partners from government, industry, and academia. Each partner summarized below will provide a unique function in the value added process of delivering visibility data to the air quality community.

EPA – EMPACT Program: The Environmental Monitoring for Community Access and Public Access (EMPACT) program consists of multiple environmental projects across the country. The EMPACT program office supports its projects by providing tools, data, and innovative methods for improving environmental monitoring. EMPACT is focused on near real time monitoring and is interested in developing distributed information systems for integrating data among projects and with external data sources. The web-based Visibility Information System will provide applications that integrate visibility data with EMPACT project data in a distributed environment. It is anticipated that EMPACT will coordinate the project and provide partial funding for the proposed project.

EPA-Office of Air & Radiation: The Office of Air & Radiation (OAR) and its Office of Air Quality Planning and Standards (OAQPS) will play a role in directing the project. Potential applications of WebVIS in OAR and OAQPS include using the visibility data to support their Regional Haze Rules, as a complement in their PM2.5 monitoring program, and for the air quality trends and analysis reports. 

NOAA – Aeronomy Laboratory: The NOAA Aeronomy Lab has an interest in using the ASOS data for applications such as aviation and disaster management and can facilitate acquisition of the high resolution ASOS data from the National Weather Service. It is anticipated that NOAA Aeronomy Lab will provide partial funding for the proposed project.

Sonoma Technology – The ASOS visibility data has previously been accessed and analyzed by Sonoma Technology for a short-term evaluation of its suitability for air quality studies. It has experience with acquiring visibility and meteorological data from the ASOS sensors, conducting QA/QC on the data, processing it for meteorological influences, and examining it as an indicator for PM2.5 concentrations (Richards et al., 1997).

Washington University – CAPITA:  The Center for Air Pollution Impact and Trend Analysis (CAPITA) has experience in the processing of visibility data and its application to air quality data analysis (Husar et al., 1993; Husar et al., 2000). It has developed tools for conducting data analysis and distributed air quality analysis. It also has facilities for data warehousing, storage, and serving data on the web.

Microsoft Corporation: Microsoft has developed Online Analytical Processing (OLAP) and XML for Analysis software that promotes the retrieval and processing of data over a distributed network (Microsoft, 1999; Microsoft, 2001). Their tools are well suited for formatting and disseminating the ASOS data. WebVIS provides a desirable demonstration of their software in the environmental field and it is anticipated that Microsoft will provide partial funding for the proposed project.

Birmingham EMPACT Project:  The EMPACT Project in Birmingham, Alabama focuses on improving air quality management and public access to air quality information. They intend to use ASOS visibility data to provide web access to visibility maps, as a surrogate for PM2.5 concentrations, and in providing air quality forecasts. The Birmingham EMPACT project will serve as the local scale application of WebVIS.

Project Plan

The project partners will meet on a conference call to define project details, each partner’s scope of work, amount of funding required, and amount of funding available. A full project proposal will then be developed. 
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