Project Description

Embracing the complexity of rapid urbanization

Although the American identity is strongly linked to its agrarian past, the present and future are increasingly dominated by urbanization and suburbanization. In the arid and semi-arid portions of the West, this process occurs at dizzying speed. Rural, agricultural, and natural landscapes are converted to suburban and urban use at unprecedented rates. Nowhere is this transformation taking place more dramatically than in greater Phoenix, Arizona. The rate of development is over an acre per hour. More people are moving to Phoenix than to any other Sun Belt city. However, they are also leaving the area in droves. In a recent survey, 2 in 3 Phoenix residents said they would seriously consider moving elsewhere. This phenomenon has come to dominate the political agenda. Yet the complexity of the associated issues has precluded rational dialog and policy suggestions. 

The demographic cauldron of Phoenix provides a unique opportunity to chronicle how rapid urbanization impacts the economy, ecology, and social fabric of a modern metropolitan area. But how can one characterize such a complex system in a meaningful way? What sorts of data can be used to document the roots of the current explosion, the path it is taking, and the likely outcomes? How can the lessons uncovered by scientists and engineers be translated into forms that can help political leaders craft public policy? And finally, what role can information technology play in unraveling this seemingly chaotic jumble of forces? These are the questions that we seek to answer.


Greater Phoenix is an ideal laboratory in which to address this challenge, and Arizona State University (ASU) is uniquely positioned to carry it out. ASU has made urban environmental research the centerpiece of its strategic agenda, both for the richness and diversity of the scientific questions it contains, and for the opportunity it provides the University to serve its community. Ongoing projects addressing these issues include one of only two NSF-funded urban Long-Term Ecological Research (LTER) grants (a team effort with 47 co-investigators from 14 ASU departments); an Interdisciplinary Graduate Education and Training (IGERT) program in urban ecology; major NSF grants to study the “urban CO2 dome” and processes of urban fluid dynamics; a NASA study that monitors growth of 100 desert cities using remote sensing; and close partnerships with a multitude of state and local agencies. 

Despite this strong foundation, each component produces a torrent of non-communicating, dynamic datasets that race by too quickly to be effectively integrated or even comprehended. We propose to work with these entities to create a series of multi-dimensional, IT-based tools that help the people of Metro Phoenix grasp the complex steps that created the present configuration, and allow them to intelligently evaluate possible future options. These products, which will combine the latest advances in simulation, information management, and visualization, should be readily transferable to urban centers where unbridled growth is the paramount public concern.

Information management:  Creating an urban eAtlas

An electronic and ecological atlas of the greater Phoenix area is an important tool to help answer such questions.  It will contain constantly updated representations of biophysical features, the built environment, and demographics. Data will be organized from the past into the future with forecasts of possible changes in 2005, 2010, 2050, 2100. This will be accomplished by applying an XML (Xtended Markup Language) implementation to facilitate machine parsing of metadata qualifying data and modeled scenarios to transparently locate, access and ingest any given dataset or modeled scenario on demand. These data and models are very diverse. 2-D bit maps (i.e., the satellite imagery) combined with climate/weather data (large 3-D grids) along with text data (demographic data), and vector data (land use coverages) are simulated via models that may require pixel/voxel <-> vector conversion. Unlike traditional atlases, the data in the urban eAtlas will not rest on our servers, but will evolve through our virtual and operational relationships with data providers and models.  We will access (and possibly update) their data and model scenarios “on the fly” as part of a user’s interaction.


The urban eAtlas will provide access to raw data, as well as web-based tabular, graphical, and virtual modeled representations.  A website will provide easy access to both interactive maps, and also N-Dimensional representations (in which 3 dimensions come from the spatial aspects of the view, a fourth dimension from time, and the parameters denoted by variations in representation color or texture).  Information technology tools will support the analysis and synthesis of information, data fusion, data mining, visualization, simulation, and web-based multilevel user (student/decision maker/scientist) inquiry. 


We can access, and hopefully begin to understand, the diverse data streams that give us a representation of what is happening.  For example, traffic data are gathered in real time by the Arizona Freeway Management system, air quality data are reported by Arizona Department of Environmental Quality, and precipitation and runoff data are collected by the Maricopa County Flood Control district. These data have high spatial and temporal resolutions and provide excellent calibrations for model results and tests of diverse connections among natural and urban processes. 

Urban environmental scenarios explored with multiscale coupled models and high quality data

The power of the urban eAtlas goes beyond dynamic depiction of the rich natural and urban landscape. We will apply multiscale, coupled, deterministic and empirical models to the complex urban-desert system to make useful predictions of relevant parameters, such as: air and water quality, real estate values, and wildlife habitat.  By considering century-long timescales, we justify the inclusion of geologic factors in our scenarios. For example, we expect to apply some common or optimal land use change models, but what would happen to land use if there were a 20-year drought?  What are the long-term land-use consequences of various growth-related ballot propositions? A major concern of the metropolitan Phoenix area and other regions is non-attainment of EPA urban air quality standards.  We can both monitor air quality and explore a multitude of mitigation options.  ASU scientists have considerable experience in modeling urban air sheds and mesoscale climate. What would be the socioeconomic consequences in Phoenix if a major earthquake hit the Los Angeles region?  Once we have our inventory of materials and processes operating in the area, we can produce a detailed characterization of such effects with the urban eAtlas.  It would have far reaching implications for much of the U.S. and abroad, and lessons from that portrayal could be easily transferred to other major urban centers. 

How do environmental hazards, changing land uses, urban growth, and economic transformations change the 'riskscape' of the city?  For example, we can model and measure how changing urban land uses and transportation networks shift ambient pollution in the region over time. We can also identify baseline indicators of sustainability.  They would be both environmental (e.g., water quality and quantity) and demographic (e.g., population migration).  Sensitive indicators can be transferred to other urban systems.
Information Technology and Information Management tools and research

Our major efforts will be to establish standards, query structure, metadata for both data and models, and the virtual and operational relationships among the data producers, modelers, and users. Much of what has preceded is general commentary about the vision of the urban eAtlas.  These efforts will produce a prototype. We will set up the standards and tools to create a scalable model that can grow and adapt over time. It will develop in the heterogeneous environment of the University and will include partnerships with agencies generating and maintaining applicable data. As a pilot portion of this project, we will focus on a representative group of the major datasets and models:  topography, land cover, land use, real time traffic and air shed/watershed monitoring, quality of life measures such as median family income, mesoscale climate modeling, and remote sensing. We will identify and coordinate datasets and modeling tools – some from state agencies, others from across disciplines that address environmental data that interact to affect air quality, for example. The goal is to provide a powerful tool for analysis, and build partnerships to demonstrate the practical value of science in the political process. The sections below describe the major tasks.  

Coordination of diverse data/model content, types, formats and procedures

We wish to improve the interaction between scientists and decision makers by providing simplified access to modeling and visualization tools to help them analyze complex relationships among data and envision different scenarios. A key initiative of the Governor of Arizona and state technology planners is to create a single entry point for electronic access to state data and services. We will build on the current role and reputation of ASU and its Visualization, GIS, and environmental planning support for state agencies. We will leverage the powerful interdisciplinary research teams and environment that have emerged at ASU in recent years to develop the necessary standards and cooperative agreements to prove concepts and lay the groundwork for expansion. By focusing on the standards and coordination rather than a fixed central database, we will more effectively leverage NSF project funding to create partnerships between scientists at ASU and state agencies and educators that will have significant impact far beyond the original project. 

Creation of an integrated structure to define and acquire data in response to queries 

We will use these agency and university sources to identify the varied data sets and modeling tools involved, produce a data description and organization schema and XML structure for access, develop programming to overlay displays, and provide interactive linkages among key visualization and modeling applications. The project team will work with emerging GML (geographical markup language) data definitions to describe content features and elements, and develop style sheets for display incorporating elements from multiple data sources. Web mapping specifications (WMS) will support merging data from multiple sources in a relatively small .gif. or .jpg file format that supports web based display. Open locator services (OpenLS) will also be explored to dynamically link and display data from location-aware applications and devices. 

Creation of a query interface to search, display, interact with, and analyze databases and models. 

Creation of a simple web accessible user interface, the capacity to post analytic and interpretive data for other users, and the ability to access and re-evaluate the original data will create a valuable, accessible, interactive resource. This functionality has the potential to dramatically increase the range of users and potential impact on education training and decision-making. A model using this approach has been developed for anthropologic pottery data and is incorporating datasets and models from other disciplines (Rowe and McCartney are CoPIs; KDI: 3D Knowledge: Acquisition Representation & Analysis in a Distributed Environment; http://3dk.asu.edu).


Guidelines for data acquisition, database population, file formats, & metadata over time

Standards and descriptive schema will be developed as a bridge for access to multiple databases. Standards for data description, file formats, and cataloging will simplify coordination among agency and research participants. We will create a framework for monitoring both the interaction of people and the environment, and of access to the data across disciplines and to planners and decision makers. Given the rapid changes in the region, we will document change during the life of the initial project. Our goal is to create a process that will continue beyond the life of the grant to provide access to data and evaluate changes and quality of decision making over time. 

Educational Components

A significant initial effort to establish common vocabulary, descriptions, and intellectual strategies will enable smoothly functioning cross-disciplinary project teams. A second phase will address interaction between the project team and city-county-state-federal entities. Once the tools and interface have been developed, outreach activities will involve training and expanded use by state agencies in addition to traditional academic outreach through conference presentations and publications. We will also join with established outreach efforts (Arizona Geographic Alliance and Ecology Explorers; see below). The web-accessible modeling and visualization tools will support access by high school, community college, and university science and government users. Beginning in year 2, we will introduce an interested group of high school, community college, and university faculty to environmental modeling and visualization for their curriculum. 

Arizona Geographic Alliance.  The urban eAtlas articulates with several K-12 educational standards in the state of Arizona, most notably those in Geography (see http://alliance.la.asu.edu/azga/; a network of more than 2700 teachers). The urban eAtlas will facilitate K-12 students learning about urban growth issues while they participate in the research process. Teacher training through a series of weekend workshops will enhance the ability of instructors to convey how the scientific method works.

Ecology Explorers.  This program (http://caplter.asu.edu/explorers/) gives Phoenix area K-12 students and teachers opportunities to do scientific research with the CAP LTER project.  Students use the data they have collected to look for patterns in their own research sites (schoolyard or backyard), and the data can be shared with other researchers and school children to see what patterns in nature exist across the entire Phoenix area. The urban eAtlas project facilitates cross-area comparisons experiments that combine other data and model results.

Evaluation and Assessment

This project provides a valuable opportunity to evaluate and assess the interaction between researchers and business, government, educational, and public users. Formative evaluation will guide the development of collaborative models, standards, and project design decisions. Interfaces and tools for multi-disciplinary data analysis will be evaluated in terms of effectiveness within the project design team. Training and educational components for external users will be evaluated and revised during the course of the project. Summative evaluation will be used to determine progress of the completion of key project elements.


Acting in an advisory and review mode, prominent public officials, scientists, and interested citizens will work with the management team in the form of a Multi dimensional planning advisory council.  The council will provide focus, database evaluation, scenario generation, and project promotion to the greater Phoenix community and beyond.  Potential members include many of the most prominent community and business leaders in the region.  Additional guidance will come from regular consultation with engineers and principals of Environmental Systems Research Institute, Inc, (ESRI)—the producers of the industry standard GIS—ArcInfo.
Collaboration with the Urban Security Team at Los Alamos National Laboratory

Integrated modeling and analysis of urban systems are the expertise of Los Alamos National Laboratory (LANL) Urban Security Team colleagues.  This group has been successful at simulating realistic urban security scenarios such as an Airborne Toxic Release/Emergency Response (http://www.lanl.gov/orgs/tsa/tsa4/aquality/urban.html).  Our LANL collaborators will focus their efforts on modeling and scenario generation. The integrative training aspect of this project will be collaborative and sustained interaction via graduate student and post doc work with the LANL team.  They have had much success with students spending extended periods at LANL in the rich, creative, and technical environment where coding, algorithms, and scenarios can be developed and tested, and then brought back to ASU and implemented in the urban eAtlas, as well as applied to the urban security research problems at LANL.
Management plan and budget

The PIs will collectively manage the project with input from ASU colleagues, related state agencies, and LANL.  Interdisciplinary teams of faculty, postdoctoral scholars, and graduate students will bring knowledge from their disciplines to discover, compile, validate, and work with data, and develop and apply the visualization and modeling tools needed to understand them. 

The project staff will include an Information Technology specialist to manage the technical coordination of the project, spend time in the field working with data and model providers, and assist in developing standards and schema for data interchange. A professional Evaluation, Education and Outreach (EE&O) staff member will manage the evaluation and assessment portions of the project, and provide outreach to educators and students, decision makers and citizens, and natural and social scientists.  
Information design as it relates to interactivity, organization, iconography, hierarchy, communication, and comprehension will be important aspects of this project. How will people use and access this information and how could it be enhanced by an interactive context? To address these issues, the project team will also include a graphic designer to help visually translate data and model results as well as design the web user interfaces to be effective for scientists, and to students, policy makers, and the general public.


This project is strongly supported and was partially initiated by ASU Vice Provost for Research Jonathan Fink.  We have an informal commitment for sufficient space (and its renovation), computer support, and the Information Manager position as an ASU cost-share. 

Project Schedule

	Task
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5

	Develop project teams
	
	
	
	
	

	Identify project data, modeling and visualization tools
	
	
	
	
	

	Identify agency data sets and obtain access
	
	
	
	
	

	Continue development of relationships with state agencies and decision makers
	
	
	
	
	

	Develop data standards, schema, definitions and communication protocols for project team data
	
	
	
	
	

	Data conversion and development of tools
	
	
	
	
	

	Interface development
	
	
	
	
	

	Formative evaluation feedback/revision cycle for data definitions
	
	
	
	
	

	Formative evaluation feedback/revision cycle for interface
	
	
	
	
	

	State agency and k-20 workshops
	
	
	
	
	


Summary
The greater Phoenix Arizona region comprises a desert landscape transforming through a suburban matrix to an urban center. We propose to take the pulse of the region and present a prognosis for growth. Our challenges are to virtually integrate diverse datasets, to develop and apply models of the urban-desert system in ways that embrace its inherent complexity, and to make our understanding useful for those who make decisions.
Tracking the untrackable: Using information technology to chronicle the skyrocketing urban growth of Greater Phoenix, Arizona from 1900 to 2100
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