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ABSTRACT:

This presentation will discuss the efforts of the Utah Division of Air Quality (DAQ) and the Utah 
Automated Geographic Reference Center (AGRC) to provide public "near real time" air quality maps 
utilizing ArcIMS and ArcSDE. DAQ currently operates approximately 30 air quality monitoring stations 
in Utah's urban areas that collect data on a variety of air pollutants. Through a U.S. EPA EMPACT 
Grant, UDAQ has been able to update their data gathering equipment, refine their data warehousing 
approach, and partner with AGRC to provide current air quality information to the public via interactive 
maps and Web pages. 

Introduction

Utilizing funding from a U.S. Environmental Protection Agency (EPA) EMPACT grant, the Utah 
Division of Air Quality (DAQ) and the Utah Automated Geographic Reference Center (AGRC) are 
collaborating to provide internet-based internet air quality maps for Utah's Wasatch Front region. The air 
quality interactive mapping application displays near real time air quality data collected by ambient air 
monitoring stations positioned along Utah's urban corridor. This paper describes both the air quality 
internet map application that utilizes ArcIMS and the back-end Oracle/SDE relational database 
implementation that stores and provides air quality data to the mapping application.

Prior to the implementation of this project, DAQ operated air monitoring stations in critical monitoring 
locations that service portions of seven counties along the Wasatch Front. These monitoring stations are 
equipped with modems that automatically report air quality measurements to a proprietary Microsoft 
SQL-based database that stores the incoming data. The EMPACT grant approved by the EPA provided 
funding for upgrades and additions to the monitoring station network, an improved method of archiving 
air quality measurement data, and an internet mapping strategy for providing timely air quality data to 
both interested professionals and the general public. The project responsibilities were divided with DAQ 
implementing the monitoring hardware upgrades and the archive database design and administration. 
AGRC was responsible for the internet map website design and implementation of the spatial database 
component necessary for dynamically displaying the air quality data in map format.



Database design

The application and database design for this project was driven, in large part, by the economics of 
software licensing, existing database and software expertise within the staff of the two project partners, 
and the spatial data needs of the project. DAQ designed and implemented an archive database, using 
Oracle 8, that stores a complete record of each hourly monitoring measurement, including the station id, 
date, time, pollutant measured, measurement value, corrected measurement, and corresponding Air 
Quality Index (AQI) value. Every hour, the DAQ Oracle archive database harvests and stores the latest 
monitoring data from the Microsoft SQL database that is populated directly by the remote air quality 
monitoring station's data loggers and modem. The AQI index, developed by the EPA, allows the 
pollutant measurements to be communicated to public audiences using a standard scale from 0-500. A 
conversion formula exists for each measured pollutant to transform measured values to AQI values. On 
the AQI scale, all measurements for a pollutant that are greater than 100 exceed the EPA's health 
standard for that compound. Using the AQI, the healthiness of the air can be communicated without 
obfuscating the information with terms like 'parts per million', 'nanograms', or with excessive decimal 
digits that might be a barrier to a public audience.

In order to allow a spatial representation of the air quality data, and to allow for hourly, live updates, 
AGRC chose to store the air quality spatial data (air monitoring station locations, and the county 
polygons that form the boundaries of a 'quick and dirty' aggregated air quality measurement) within its 
existing Oracle (8.1.7)/SDE(8.2) database. The monitoring stations and counties are stored as feature 
classes containing descriptive information about each entity (name, address, etc.) as well as a foreign 
key id number that is used to relate to the current air quality information. 

The AGRC database also stores the most current air quality data in three tables updated by an SQL 
stored procedure run against a connection to the DAQ Oracle archive database. This stored procedure, 
run every hour, extracts: 1) the latest pollution measurement data into the Datasample table; 2) the 
highest AQI for each station into the StationHighs table; and 3) the highest AQI score for each county 
into the CountyHighs table. The stored procedure is executed at approximately 25 minutes after each 
hour to ensure enough time for data transfers and filtering algorithms to be run prior to the stored 
procedure. This means that the data displayed to the user through the ArcIMS map sites was captured 
anywhere between 0:25-1:25 hours after the end of the monitoring period.

Air Quality Internet Maps

The air quality monitoring map website (http://atlas.utah.gov/utahair) consists of two ArcIMS map sites 
constructed from the ArcIMS 4.x htmlviewer and basicmap starter sites. These sites, a county-level 
overview map and a station-level interactive map, are hosted using AGRC's existing three tier ArcIMS 
architecture. This architecture consists of a Wintel2000 application server, Wintel2000 spatial server, 
and a Unix/Solaris web server. GIS data displayed is accessed in both shapefile and SDE format by the 
application server.
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The county-level air quality map site consists of a non-interactive map image dynamically generated 
through a request to the ArcIMS map server. This map provides a current air quality overview by 
displaying the highest AQI score measured within each of the counties in the project study area. The 
county-level website containing this map image also provides links to the station-level air quality 
interactive map by which the user can explore the current AQI data in more detail. These links allow the 
user to open the more detailed, station-level interactive air quality map and to control both the 
geographic extent, and the measured pollutant displayed on the initial load of the interactive map.

With the station-level interactive map open, the user has many options to control the map. The user can 
zoom in, zoom out, or pan to the desired map extent using: 1) the interactive map tools (upper left corner 
of site); 2) the pan and zoom scale buttons (N,S,E,W arrows and Zoom Level indicator on left side of 
site); or 3) the 'Zoom to Area' picklist (upper right corner of site). The later of these, the 'Zoom to Area' 
picklist allows users to select a county, city, or zip code area of interest. The map is then zoomed to that 
a geographic extent that fully contains the area's extent and the closest air monitoring station. 

The interactive map also allows the user to change the pollutant displayed at monitoring station locations 
by making a choice from the 'Selected Map Layer' picklist (upper center of site). Additionally, the user 
can obtain the current AQI measurements and station information by clicking on a mapped station with 
the identify tool (upper left-center), or hyperlink to a mapped station's web page (hyperlink map tool, 
upper left-center) hosted by DAQ. DAQ's station web pages include 24 and 48 hour trend graphs for 
each pollutant as well as information about and photos of the site. Other options on the site include: map 
help, map disclaimer, print button, legend button, a link to DAQ's website, a link to a non-spatial, 
current air quality report, and a link to the EPA's AQI website for details about what the AQI is and how 
it is calculated.

The map configuration files for the county-level and station-level maps are written and maintained in 
ArcXML (.axl) using ArcExplorer, IMS Author, and Xeena XML editing tools. These ArcXML files 
contain extensive use of relational joins to relate the tabular current air quality data to its corresponding 
spatial representation (in the form of station point locations and county polygons). The map 
configuration files are used by the map server to generate map images in an 8-bit portable network 
graphic (.png) format.

For additional information about the Utah Air Quality Map application, please contact:

Bert Granberg
GIS/IMS Solutions Specialist
Utah AGRC
bgranberg@utah.gov
801.538.3072 
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or 

Michael Yang
Environmental Scientist
Utah DAQ-AMC
myang@utah.gov
801.887.0768
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