The Model Urban University for the 21st Century: Laboratory for Urban Research

DIGITAL LIBRARY FOR COMPLEX ENVIRONMENTAL ANALYSES OF THE ST. CLAIR WATERSHED

Specific Aims

The long-term goal of the research project is to create a digital library for urban environmental data and St Clair watershed management that can be used for complex, multi-faceted investigations by researchers seeking data from the watershed for use in a broad range of environmental investigations. The digital library can be used for water quality analysis, regional environmental health research and economic development analysis. The digital library will also provide the capability for a dynamic analysis of pollution and ecosystem health within the context of changing hydrological and meteorological measurements. Incorporation of hydrological and meteorological data will enable the examination of the effects of weather, seasonal changes, and long-term changes in regional climate on pollution and ecosystem health.

The short-term goal aligned with the Model Urban University for the 21st Century funding opportunity is to produce a smaller-scale digital library that combines specific existing databases and demonstrates proof of concept and utility for an external grant application. The short-term project will combine meteorological data from the National Weather Service, hydrological data from the USGS stream flow database, and data on PCB pollution in the aqueous and sediment environment.  The PCB data is available from multiple web sites and from personal research records of the project team.  As  external funding is acquired, the capabilities of the digital library will be expanded as it becomes not only a long-term resource for environmental research, but also a resource for decision makes on environmental policy, a means for assessing the efficiency and timeliness of community warnings and alerts, an educational resource for the university community and for K to 12 schools, and a means for collaboration with other research universities (e.g., the University Research Corridor -  URC). Finally, a comprehensive digital library would provide both the long- term historical data record and the analytical capabilities that will be needed by society to maintain, preserve and improve the St Clair watershed ecosystem and associated urban environment, and to adapt to regional climatic changes.

As part of the short-term (18-month) goal, a standard fugacity model for a hydrophobic organic chemical, PCB, will be analyzed for applicability to observed PCB partitioning in the water and sediments of the St. Clair watershed.   Our initial assumption will be that the PCBs in the aqueous and the sediment phases are in equilibrium.  It is expected that the observations available from our data set will deviate from those expected based on equilibrium assumptions.  We will then focus on those data sets that do not correlate well with established equilibrium models.  Further analysis on the reduced data set will allow consideration of hydrologic and climatologic characteristics (included in our digital library) that may alter the sediment/water partitioning of the contaminant (PCB).  Although this is a relatively straightforward research inquiry, it provides an excellent proof of concept and will provide the demonstration necessary to further develop/support the WSU Digital Library.  It is an excellent choice of proof-of-concept because PCB contamination is an important and visible one in this region.  PCB 
Background and Significance 
The Great Lakes and associated waterways are arguably the most important freshwater resources in the world.  Lake St. Clair and the St. Clair and Detroit Rivers in particular are a vital international resource that provides a wide array of benefits to nearly six million urban residents in the United States and Canada.  Various organizations in both the United States and Canada perform environmental monitoring in this joint watershed and much data have been collected during the past 20 years.   The data reside in a disparate array of repositories, and due to funding constraints, little effort has been focused on analyzing data across geographical areas and disciplines or integrating the information relative to local, state, and national priorities.  Effective restoration of this important urban watershed requires additional focused monitoring and, as recommended in Lt. Governor Cherry’s “MI Great Lakes Plan”, an integrated data management system for existing and future data streams.  This includes the fusion of water quality data with soil and air monitoring in order to accurately capture all factors that influence the watershed. Such development can positively impact the health of watershed residents and serve as a model for the engineering of urban systems on both a local and worldwide scale. 
This proposed project, Digital Library for Complex Environmental Analyses of the St. Clair Watershed  is responsive to the WSU initiative,  The Model Urban University for the 21st Century: Laboratory for Urban Research.   The project will support the proof-of-concept of a multi-faceted visual-based data center with embedded tools for complex environmental analyses.   The project, when fully implemented, will place Wayne State University at the forefront of multi-media  environmental research in the Great Lakes Basin.  The project  team includes  expertise from the Department of Civil and Environmental Engineering for the environmental and water resources aspects of the project;  Computer Science for the library structure and functioning;  Geology faculty for the geographic and earth science aspects of the project;  the College of Pharmacy and Health Science for contaminant-specific responses; faculty from Political Science to help traverse the complex government boundaries and regulations; and faculty from the School of Education for the outreach to the K-12 community of the project components. 
To critically evaluate changes in water quality within the Lake St. Clair watershed researchers must be able to access all pertinent literature (published and unpublished). At present, the data are kept disparate collections (white and gray literature) within different agencies (city and county health departments, USGS, EPA, NOAA, and peer-reviewed literature). It is necessary to bring the contents of this literature together and compile a comprehensive database with information on pollutant concentrations in air, water, soil and biota. This database is required to critically evaluate environmental conditions and public health within the Lake St. Clair watershed. Such a database will serve citizens’ groups; city, county, state, federal and tribal governmental agencies; NGOs, and other national/international scientific communities.

Research Design and Methods

The digital library will be built on protocols developed by a consortium of universities involved in archiving water quality and quantity data (CUASHI -  The Consortium of Universities for the Advancement of Hydrologic Science, Incorporated).  The CUAHSI Hydrologic Information System (HIS) is a geographically distributed network of hydrologic data sources and functions that are integrated using web services so that they function as a connected whole.  At Wayne State University, this integration will be expanded beyond hydrologic (water) data, to include environmental quality of the soil, air, and human health indicators for the St. Clair watershed.   The Department of Computer Science will spearhead the computational portion of the effort.   One of the important components of our proposed system is its data integration capability that will combine the data stored in heterogeneous databases. There is a massive amount of regional scientific data on historic and spatial patterns of environmental health currently stored locally on our computers and external servers.  A complicating factor is that much of the data that would be useful in this archive is only  found in articles, papers and other text documents that that are not currently in digital format.  Entering this kind of data manually would be impossible in any finite amount of time.    Therefore, another important component of our digital library is the application of text processing algorithms that can automate this process.

Our system will be equipped with a fast and efficient keyword-based search. Keyword-based search would allow our faculty and scientists who are not necessarily familiar with databases and SQL languages to simply type in the keyword for the data they are looking for in the search box. The search component of our system will then find the most relevant records(data) and will present it to the user(faculty or scientist). This kind of search is much easier for a non technical user as opposed to writing complicated SQL queries which require the user to know the schema of the database in details.

The proof of concept of this system will be applied to PCB contamination in the St. Clair watershed system.  Through the digital library we will query all relevant data for the watershed, particularly looking to  apply a standard fugacity model to one of the hydrophobic organic chemicals (i.e., PCBs). We will compare the observed results with those predicted using the available and accepted fugacity models which require equilibrium between the PCBs in the aqueous and the sediment phases.   Our hypothesis is that these are not in equilibrium and that kinetic effects must be taken into account.  There will be sufficient data  (multiple years and locations) in our archive to confirm/reject this hypothesis.  We will couple this information with our hydraulic model of the stream system (Figure 1) to evaluate different PCB congeners and cumulative impact on the receiving water.  
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Figure 1 – Aerial View of Study Area and Finite Element Model of the Hydraulics in Study Region (Miller, et al.  2005)
Contributions Toward Advancing Student Education and Institutional Reputation 
This project has great potential to enhance the institutional reputation of Wayne State University, nationally and internationally.  The SE Michigan region is well-known, world-wide, as the source of a large fraction of the world’s freshwater resources.    The project seeks to address an issue at the forefront of local and national headlines – the security of the freshwater resources of the United States for future generations.  The Great Lakes freshwater supplies are among the most plentiful and easily accessible in the world.  This natural resource supports critical human needs, including drinking water supply, energy, and agriculture.  Industries including navigation, energy production, tourism, manufacturing, and housing rely on a large, inexpensive source of freshwater.  

The impact of the Great Lakes water resources extend far beyond the eight Great Lakes states.  In fact, water bottled in Michigan is exported as far as China.  Major metropolitan areas including Detroit and Chicago rely significantly on the Great Lakes for their drinking water.  Western states, including New Mexico and Arizona, have recently begun to investigate the transport of water from the Great Lakes region to “water starved” regions of the country.   The St. Clair Watershed is an important link between the Great Lakes resources and the metropolitan Detroit population.  More than 6 million residents receive their drinking water from water utilities in this region.  

Data maintained in the Digital Library will allow complex analysis of many pressing current environmental problems, as well as analysis of environmental problems/issues that are as yet un-named.  Wayne State University, with its comprehensive medical, science, and engineering expertise is the natural center for development of this Digital Library. 

A healthy St. Clair watershed is an asset of remarkable value to the areas it serves. More than six million watershed residents depend on it for water supplies for consumption, manufacturing, transportation, power generation and recreation.  These vast resources are important considerations in locating new businesses and residential/tourist developments.  Boating, fishing, hunting, water sports, and other naturalist activities generate significant economic activity annually and support thousands of jobs in the area’s tourism industry.   

The Brookings Institution has also identified the environmental attributes of the Great Lakes region, including the St. Clair watershed, as cornerstones for economic transition and future regional vitality.  An effective restoration strategy is expected to attract new businesses, improve property values, avoid environmental cleanup and disposal costs, and have a positive impact on human health.   

At present there is no center or institute focused on water quality within the Lake St. Clair watershed. To address this need, WSU has proposed creating the Digital Library for Urban Environmental Data and Watershed Management. This center will provide a comprehensive environmental data system linking atmospheric, aquatic, and terrestrial measurements of urban watershed quality that span the Lake St. Clair watershed area and provide a complete picture of the myriad of interactive factors required to determine the health of the urban environment and its inhabitants at any given time. The database will aid students and faculty from our university and other institutions.  Furthermore, this database (with online access to cataloged information) will enhance the visibility of the University. To maximize resources and build the digital library it is necessary to begin collecting pertinent data. In addition to beginning to building content, the initial data is necessary to help design the digital library structure. This seed funding will facilitate initial data collection necessary to demonstrate WSU’s commitment to the center and secure congressional funding.

Anticipated Timeline for External Funding 
Table 1 - Potential External Funding Sources

	Funding Agency
	Project Theme
	Funding Request 
	Expected Submittal Date

	Federal Earmark
	Digital Library
	$3 Million 
	In Process

	NSF - IGERT
	Post-Industrial Cities
	$2 Million
	In Process – Complete in March, 09

	Michigan Department of Environmental Quality
	St. Clair Watershed Environmental Studies
	$300,000.
	September, 09

	USEPA
	Environmental Stewardship in St. Clair Watershed
	$200,000.
	September, 09

	 National Science Foundation (Directorate for Civil/Mechanical Systems)
	Cyber-Infrastructure for  Complex Environmental Analysis
	$500,000.
	January, 2010
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Personnel 
Faculty representing diverse units of the university are involved in this multi-disciplinary project.  These include:  Carol Miller, Professor and Chair – Civil and Environmental Engineering; Farshad Fotouhi, Professor and Chair - Computer Science; David Pitts of Pharmacy and Allied Health; Shawn McElmurry of Civil and Environmental Engineering; Donna Kashian of Biological Sciences;   Mark Baskaran and Larry Lemke of Geology;  David Grueber of Education; and Jodi Nachtwey of Political Science.  The faculty have already been working together on aspects of this Digital Library project and are in the process of securing external funding for the same.  The thematic area of expertise of each individual is shown in Table 2.
The participants have a strong track record of previous collaborations on projects funded by NSF, NIH, EPA, Great Lakes Protection Fund, and WSU. Furthermore, seven of the participants are co-proposers on the WSU-funded effort, “The Model Urban University for the 21st Century:  Laboratory for Urban Research", demonstrating both the collaborative nature of this team and the University’s commitment to support research in this arena.  The overall project supervision will be provided by Dr. Carol Miller.  Professor Miller is Chair of the Department of Civil and Environmental Engineering and Chair of the President’s Standing Committee on Environmental Initiatives.  Dr. Miller has experience directing large research grants and is currently the PI (along with Drs. Shawn McElmurry, Co-PI) on a $1.5 million grant that requires coordination among several investigators, multiple universities, and the City of Detroit water utility.  As Chair of their respective Departments, Professors Carol Miller and Farshad Fotouhi have helped steer the research and education of numerous urban investigators and professionals.  Dr. Lemke has important experience relating to the construction of environmental data archives through his leadership in Geospatial Determinants of Health Outcomes Consortium (GeoDHOC). This project will relate asthma to land use in selected neighborhoods in Windsor and Detroit. The project, which uses Geographic Information Systems (GIS) software, will demonstrate the use of analytical and visualization software programs for public health studies. The research group includes faculty from Environmental Science, Family Medicine, Nursing, Geology, Mathematics, and Epidemiology.

Table 2 – Project Participants

	Participant
	Affiliation
	Thematic Area of Expertise for This Project

	Carol Miller (PI)
	Civil and Environmental Engineering
	Urban water resource evaluation, monitoring, and modeling

	Farshad Fotouhi
	Computer Science
	Digital library structure and utility

	Mark Baskaran
	Geology
	Geochemistry and hydrologic monitoring

	David Grueber
	Education
	Science and math delivery to K-12 urban centers

	Donna Kashian    
	Biology
	Urban ecology; Ecotoxicology

	Larry Lemke
	Geology
	Post-industrial groundwater contamination and remediation and modeling   

	Shawn McElmurry     
	Civil and Environmental Engineering
	Environmental and ecological outcomes of land use characteristics

	Jodi Nachtwey
	Political Science
	Political and social models of climate change 

	David Pitts
	Pharmacy and Health Sciences
	Environmental and human response to waste pharmaceuticals
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