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Abstract - New Mexico's Environmental Public Health Tracking System (EPHTS), funded by the Centers for Disease Control (CDC) Environmental Public Health Tracking Network (EPHTN), aims to improve health awareness and services by linking health effects data with levels and frequency of environmental exposure. As a public health decision-support system, EPHTS systems include: state-of-the-art statistical analysis tools; geospatial visualization tools; data discovery, extraction, and delivery tools; and environmental/public health linkage information.  Through a NASA-funded partnership between the University of New Mexico and the University of Arizona, efforts are underway to infuse NASA Earth Science results into two existing models (the Dust Regional Atmospheric Model (DREAM) and the Community Multiscale Air Quality (CMAQ) model in order to improve forecasts of atmospheric dust, ozone, and aerosols. The results and products derived from the outputs of these models are made available to the New Mexico EPHTS.  This paper describes details of the EPHTS Service Oriented Architecture (SOA) of interacting SOAP and OGC services to process and deliver these products.
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1. INTRODUCTION

New Mexico’s Environmental Public Health Tracking System (EPHTS) is funded by the United States Centers for Disease Control (CDC) as part of its Environmental Public Health Tracking Network (EPHTN). Both the system and the network aim to improve health awareness and services by linking health effects data with levels and frequency of environmental exposure (Centers for Disease Control 2006). Part of EPHTS links to data from the Statewide Asthma Surveillance System (SASS) as well as those for other respiratory and cardiovascular diseases tracked by the Hospital Inpatient Discharge Database (HIDD). 

As part of a NASA-funded cooperative project between the University of New Mexico and the University of Arizona, the goals of this project are to: a) add NASA Earth Science Results/Earth Science Modeling Framework (ESR/ESMF) products for atmospheric dust, ozone, and aerosols to improve dust model forecasts using the Dust Regional Atmospheric Model (DREAM) and ozone/aerosol forecasts using the Community Multi-scale Air-Quality Modeling System (CMAQ); b) demonstrate a process for linking PM10 and PM2.5 air quality data to health surveillance data; c) evaluate the utility of linked data for assessing environmental exposures and health outcomes; d) recommend adjustments to existing systems of data collection and analysis; and e) deliver timely dust/aerosol/ozone forecasts to the public health community via data delivery and mapping services. It is this latter goal which is the primary subject of this paper.

At present, there is limited geospatial coverage by air monitors in New Mexico. This data gap can be filled using NASA Earth science results and air quality modeling. Evidence-based intervention strategies and adequate response to environmental health threats depend on timely information and its dissemination. Targeting intervention strategies is impossible without knowledge of impacted populations. Part of this knowledge can be acquired from records of adverse health outcomes that are environmentally induced, monitored by air quality model outputs, and tied to health surveillance and tracking systems. While air quality data are collected routinely by states as part of EPA compliance monitoring, they are rarely linked to exposure and health outcome data. EPHTS will improve health surveillance and tracking capacity by strengthening evidence-based environmental health programs and communities-of-health practice.

The decision support system integrates data from SASS and HIDD with data from other collaborating agencies and organizations, among which are the New Mexico Environment Department, Indian Health Service, City of Albuquerque Environmental Health Department, and University of New Mexico Health Sciences Center (UNM/HSC). All data, products, and model outputs from these distributed providers are integrated into a standards-based system consisting of centrally managed analytical and visualization services and information feedback capabilities. EPHTS enables collection, integration, analysis, and interpretation of data about changing air quality conditions and consequent human health effects. It expedites also the dissemination of data and analytical results to a wide cross-section of qualified users from local to national levels.

A significant component of the decision-support system is the ability to deliver forecasted dust and ozone concentration data to the public health community. In particular, these data are enhanced by the inclusion or assimilation of NASA ESR/ESMF into forecasting models. Thus, the overarching objective is to assimilate Earth science results into the CMAQ and DREAM to produce O3, aerosol, and dust forecasts and to improve the EPHTS web-client to generate relevant health-related information for EPHTS public health users. Below, we first describe architectural features and functions of the EPHTS system as a whole, and then focus more concretely on the delivery of forecasted dust data.

2. ARCHITECTURE OF THE NEW MEXICO EPHTS DECISION SUPPORT SYSTEM

The organizational structure of the New Mexico EPHTS  decision-support system can be described as a state-of-the-art, n-tiered architecture of interacting services, each of which provides a specific function (Figure 1). Originally designed and defined through formal specification documents and diagrams, the architecture of the EPHTS is comprised of Public Services (the left side of Figure 1), Application Services (right side of Figure 1) and a Data Services tier (lower right of Figure 1). It is on the Data Services side that dust and aerosol forecasts are generated and archived. Using NASA ERS/ESMF data to improve the quality of forecasts, the dust and aerosol data provider generates data in both numerical/tabular and raster formats. 
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Figure 1. Service Oriented Architecture (SOA) of the New Mexico EPHTS.

On the Application Services side, a number of newly developed components directly access the dust, ozone, and aerosol data products described above. They include a) the Data Retrieval Service that will improve the ability of DSS users to retrieve raster data from the raster data provider; b) the Raster Analysis Service that will extract time-series data from collections of ESR/ESMF inputs, and generate time-series plots associated with those data; c) the Data Extraction Service, that will support the extraction of values from specified x-y locations retrieved from the Data Retrieval Service; d) the OGC WMS and Mapping Services that will be improved to make use of data retrieved from the Data Retrieval Service that are raster models developed in the GRASS raster platform; e) the Workflow Service, which will orchestrate the sequence of service calls required to fulfill client requests; and f) the PHIN MS interface, which will be enhanced to provide access to all the above raster data and services provided by the application server. 

On the Public Services side, newly enhanced web server clients allow users of the EPHTS system to visualize and analyze these results. Products are integrated into several existing clients within the larger framework of the EPHTS Service Oriented Architecture (SOA). In the Public Services area, new data are integrated into client interfaces that include the Mapping Client, WMS Client, Tabular Data Client, and Analysis Client. Both the Mapping Client and the WMS Client allow users to visualize those raster images that are derived from the DREAM/CMAQ system. While the WMS Client acts as an image provider for the Mapping Client (e.g., zoom, pan, overlay with user-selected vector data, and querying), the Mapping Client is also capable of performing routine GIS functions. With the implementation of additional SOA services users can have access to GIS functions like buffering, distance measurements, layer attribute extraction. Moreover, users can access customized raster processing models that are built on the server to deliver unique products to the broader EPHTS community. Products also can be integrated into the Tabular Data Client and the Analysis Client. Specialized Simple Object Access Protocol (SOAP) functions enable users to extract and analyze specific characteristics or attributes from raster-formatted data. Examples include extracting summarized data from a raster coverage that fall within political or administrative boundaries (e.g. counties, census tracts). Therefore, one could generate both the distribution of dust concentration values and the average values for each county, census tract, or zip-code in a state. SOAP requests can return such data in tabular formats as charts and graphs, or as images. Another application provides time-series data for environmental parameters of interest. Again it is possible to generate time series of dust or ozone concentration values for particular points on the landscape. In this way, users can analyze how environmental parameters vary through both time and space. Both the Analysis Client and Tabular Data Client will provide access to raster analysis functions provided by the Raster Analysis Service. Smooth integration of the enhanced components relies on standard service interfaces throughout the system. Integration of new and enhanced components into the EPHTS will be accomplished through SOAP interfaces that comply with the existing EPHTS data provider specification.

All of the data and analytical services provided by EPHTS also will be accessible to EPHTN through the Public Health Information Network Messaging System (PHIN MS). The EPHTN interface is hosted on the public server for EPHTS.

3. INTEGRATION OF DUST FORECAST RESULTS INTO THE NEW MEXICO EPHTS SYSTEM

Again, the provisioning of data into the EPHTS decision support system is achieved through the Data Services tier. The Data Services tier hands the data off to the Application Services upon request for the data. The Data Services tier was defined through a formal data provider specification where support for different types of requests and their responses are normalized.  It consists of a set of Remote Procedures for the extraction of the data and metadata. The dust forecast data products are exposed to the application tier through procedures using SOA that extract the raster data values from a data store that fall within areal political and administrative boundaries across temporal ‘slices’ of the data. These constitute mapping layers that are directly comparable to the public health data which are aggregated to similar levels. Presently this is a vector based delivery system for raster data values provided by the dust forecast model. The data are based on the OGC WFS GML data request and format. 

GRASS based model outputs in raster format are provisioned by a series of remote procedure calls defined by an extension of the data provider specification that use OGC WMS and WCS data requests and formats. These data are delivered to the Mapping Client, the WMS client, Tabular Data Client and the Analysis Client. 

Data delivery is obtained through the Application Services tier where processing of the data are achieved through data base queries, and XML processing.  

Mapping the data is achieved through the use of the data as a WMS service that is built ‘on-the-fly’ using the WFS created GML as a data source. More advanced functionality will be achieved at the feature level by rendering the GML directly into the Mapping Client. The WMS map services use the Minnesota Mapserver to define map layers that are accessible via the WMS Client. The mapping system is based on OpenLayers and mapping configuration parameters and WMS requests are defined in an OWS (Open Web Services) context XML document that is manipulated through the mapping controls in a Model View Controller system.

4. FUNCTIONALITY OF AIR QUALITY/DUST FORECASTING SERVICES

At present, DREAM model outputs, represented as continuously distributed raster layers of dust concentration values, are post-processed before they are made available to the EPHTS system as images and tabular statistical summaries. In seeking to make these dust concentration outputs useful to understanding their relationship to public health outcomes, a number of statistical summaries are generated for the former (e.g. dust concentration) across analytical units that correspond to public health analyses, namely counties and census tracts. For each hour of DREAM output data, a number of basic statistical measures of central tendency and dispersion of dust concentration values are calculated across counties and census tracts for both particle size categories (e.g. PM 2.5 and PM10). They include the mean, median, mode, maximum, minimum, standard deviation, and variance. A second processing step involves deriving the 24-hour mean for each of these statistics, for each county or census tract. 

A user entering the system and wishing to access the dust concentration data would first be presented with a query control for selecting time specific views of the data.  The user is then given controls for extracting the data which retrieves the data from the Data Services tier.  The data are processed by the Application Services and vector data formats suitable for use in a GIS are processed and presented to the user for direct download.  The XML metadata retrieved from the data provider are translated and inform the tabular and mapping services. The metadata are viewable along with a query interface for accessing the data in tabular format through the Tabular Data Service. The attributes representing different statistical measures of the data are then used to allow the user to map those attributes. Once a statistic of interest is identified, a user has the choice of generating a thematic map that presents the 24-hour mean of the statistic of interest by county or census tract (see Figure 2).
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Figure 2. EPHTS Mapping Interface Showing PM 10 Dust Forecast Data by County

CONCLUSIONS

Accomplishments discussed in this paper toward enhancing a service-oriented decision-support system with NASA-enriched dust and aerosol forecast data represent only the first year of a three-year project. This progress reflects both a rapid development cycle and closely linked integration of new technologies into the products of the EPHTS system. 

Creating services to support these data delivery functions provides a streamlined means for public health decision-support systems to integrate enhanced CMAQ/DREAM model outputs and related environmental data products into their application frameworks, and enhances the ability to understand the relationships between human health and environmental conditions.
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