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EPA GEO Strategy 
for

Integrated (Air-Water-Land-Biota) Decision-making

 for Healthy Communities and Ecosystems

Demonstrating the Integration and Use of Earth Observation Information

 to Improve Planning and Sustainable Land-Use at Multiple Scales
Background

The EPA Global Earth Observation System of Systems (GEOSS) Coordinating Committee, also known as “EPA GEO”, has identified Integrated (Air-Water-Land-Biota) Decision-making for Healthy Communities and Ecosystems as one of its early FY08-09 strategic emphases.  This document describes its strategic approach.  Since integration of multimedia earth observations encompasses a broad array and large amounts of information, the topic area of urban planning and sustainable land-use was selected, so as to demonstrate the principles of multimedia integration.  This strategy will be expanded to include a more detailed implementation plan.  This strategy has been developed by co-leads from the Office of Research and Development (ORD) and Region 5, with the assistance of the Office of Environmental Information.

Purpose
This strategy, henceforth referred to as the “Integrated Media Strategy,” has two general themes:  
Integration of Multi-media Earth Observations:  The first theme is to demonstrate integration1 of earth observation information across environmental media, and to advance the GEOSS “system of systems”2 concept regarding interoperability3 of remotely-sensed multi-media data and environmental and health models.  This strategy will focus on integrating existing Advanced Monitoring Initiative (AMI) research projects with each other as well as with other related efforts within and external to EPA.  It is the intent of this strategy also to serve as a catalyst for coordination of activities/programs across the Agency that generate, use, or could potentially use earth observation data and information from various media.  

Capacity Building for Decision Makers:  The second theme is to demonstrate the utilization of the data and tools developed as a result of implementing the first theme.  Capacity building activities will be directed at decision makers to ensure understanding and proper use of these developed applications.
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1. Integration – refers to the bringing together or combination of separate but complementary projects, data, and/or information, whether   existing or new.  Integrated datasets contain data drawn from multiple systems that are combined in a consistent and scientifically rigorous way.  

2. System of Systems – is a “super-system” comprised of elements that are themselves complex, independent systems which interact to achieve a common goal.  Common Characteristics: the component systems achieve well-substantiated purposes in their own right even if detached from the overall system; the component systems are managed in large part for their own purposes rather than the purposes of the whole; it exhibits behavior, including emergent behavior, not achievable by the component systems acting independently (synergy); component systems, functions, and behaviors may be added or removed during its use.
3. Interoperability – in the context of data transfer and dissemination, interoperability refers to the ability of applications to operate across otherwise incompatible systems.  Interoperability should focus on interfaces, defining only how system components interface with each other and thereby minimizing any impact on affected systems other than interfaces to the shared architecture.  

Scope

The target audience for this strategy is decision makers involved in land management.  The geographic scope will initially be the Great Lakes Region.  Focusing on this area will facilitate implementation because there are several AMI research projects currently being conducted in the Great Lakes Region, and the Midwest Spatial Decision Support System Partnership, who are integral to the implementation of this strategy, are also located there.  

Land management was selected as the target subject as it considers the impacts that land-use decisions have on air, water, land, biota, and human health, as well as the impacts these media or the conditions of these media have on the land being developed.  The products developed by at least seven of the AMI projects could potentially be used by land-use decision makers. Urbanization/population growth and managing its impact on the environment and human health is also an issue across much of the U.S., and therefore the decision support tools developed under this strategy for land-use managers have immediate application elsewhere.  Urbanization is also an issue of growing importance in Region 5, especially in the areas along the shores of the Great Lakes.  
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Partners

Implementation of this strategy is not intended to be a stand-alone EPA GEO effort.  For this strategy to be successful, it needs to be implemented with coordination and cooperation of various related programs and activities currently being conducted internal and external to EPA.  It will leverage work being conducted by these groups, with the goal of having the outputs of this strategy used by them and other groups, as well as having the outcomes of this strategy supporting the partners’ related efforts.  Listed below are the partners with a brief description of areas of anticipated interaction.

· Great Lakes Regional Collaboration - The Great Lakes are unique and extraordinary resources that provide drinking water, food, recreation and transportation to over 30 million people. Since 2005, the Great Lakes Regional Collaboration has begun to implement a strategic action plan for protecting and restoring the Great Lakes (http://www.epa.gov/greatlakes/collaboration/).  The Regional Collaboration – a partnership of federal, state, and local government officials and program managers, scientists, and interested private stakeholders have been focusing their attention on addressing the most critical issues to the Lakes: aquatic invasive species, habitat protection, contaminated sediment, and toxic pollutants.  Additional critical areas that may benefit from the activities in this Integrated Media Strategy are coastal health, Areas of Concern, non-point source pollution, scientific research and monitoring, and sustainable development.  Three examples of Great Lakes Regional Collaborators are:
· Great Lakes Commission – The Great Lakes Commission (GLC) is a binational agency composed of members of the eight Great Lakes states and the two Canadian provinces of Ontario and Quebec.  GLC will be a valuable partner in applying sustainable development principles to address land-use management (http://www.glc.org).  GLC is a contributor to the Midwest Spatial Decision Support System Partnership.
· Great Lakes Observing System – GLC is a member of the Great Lakes Observation System (GLOS). GLOS provides access to real-time and historic data on the hydrology, biology, chemistry, and geology of the Great Lakes.  GLOS is being led by a Steering Committee in collaboration with a Regional Interest Group of more than 300 potential users of the system. Working with GLOS will establish a large set of potential users of the tools developed through the Integrated Media Strategy (http://glos.us).  
· Great Lakes Urban Survey – The Canada Center for Remote Sensing, Natural Resources Canada and the EPA are collaborating on urban mapping products and urban activities modeling using transportation and landcover/land-use data, and demographic statistics.  The effort is expected to assist in the assessment of impacts on urban resource consumption (energy), emission levels, and air/water quality.  The Survey is a good complement to the other Great Lakes activities, which focus primarily on water and land, because it also has an air component and will augment current emissions inventories and support air quality studies.

· Midwest Spatial Decision Support System Partnership (MSDSSP) – The Integrated Multimedia Strategy will utilize and build on Region 5’s existing partnership with MSDSSP to develop and integrate land management decision support tools.  MSDSSP will also play an integral part in implementing the strategy’s capacity building efforts directed toward land management decision makers.

The partnership is comprised of state departments of natural resources and environmental management, university researchers and extension agents, the International City/County Management Association (ICMA), EPA Office of Research and Development, and EPA Region 5.  The goal of MSDSSP for Watershed Management Decision Support Systems 

(WMDSS) is to develop, promote, and disseminate web-based spatial decision support systems to help manage watersheds in the Midwest.  MSDSSP defines their WMDSS as
“… a suite of computer programs with components consisting of databases, simulation models, decision models, and user interfaces that assist a decision maker in evaluating the economic and environmental impacts of competing watershed management alternatives.”  WMDSS is intended to assess information geographically, or spatially, through the addition of a geographic information system.  WMDSS will link models across spatial and temporal scales for all the various aspects of complex watershed systems to estimate the effect of management alternatives (http://www.epa.gov/waterspace).   

The Integrated Media Strategy anticipates coordination and collaboration to address several of the priority comprehensive planning and environmental issues currently identified by MSDSSP:  land use, air emissions, watershed planning, wetland protection and restoration, and shoreland management and restoration.

· EPA Council on Regulatory Environmental Modeling (CREM) – Modeling assists in the processing of earth observation data.  It helps put information into a context that can be used by decision makers.  Understanding the need for moving beyond single media modeling, in June 2007, the CREM released their Integrated Modeling for Integrated Environmental Decision Making White Paper.  EPA GEO is listed as one of the intended audiences for this document which is meant to “foster a more integrated, holistic and strategic approach to EPA activities…”  The EPA GEO Integrated Media Strategy Workgroup agrees with the objectives of the White Paper and volunteered to be a demonstration project to illustrate the utility of integrated earth observation modeling, analysis, and management approaches.  The Integrated Media Strategy will benefit from the guidance and scientific support of CREM modeling experts regarding integration of air, water, land, and biota data and the development of integrated models (http://cfpub.epa.gov/crem/). 
· ORD Ecological Research Program (ERP) – The draft Ecological Research Program Strategy (April 2007) lists several outputs and management outcomes that are intimately related to the purpose of this strategy.  The two ERP Strategy outputs of particular interest are Measures and Dynamic Maps of Ecosystem Services,  where spatial representations of ecosystem services are used in communication, outreach, planning assessment, and resource management; and, Decision Support Platform, where decision makers are enabled to “evaluate trade-offs among alternative resource management strategies, to avoid unintended consequences of their actions, and to better manage for sustained ecosystem services and human health and well-being.”   It is anticipated that EPA GEO will work closely with ORD’s ERP to achieve one of its Strategy’s Management Outcomes (“Decision-makers anticipate the likely future consequences of management decisions and avoid unintended consequences of their actions”).  However, the Integrated Media Strategy is more narrowly focused on land-use planners/decision-makers.  ERP Topic Areas where close coordination and collaboration with the Integrated Media Strategy are expected include Valuation, Human Health and Quality of Life, Monitoring, Landscape Characterization, and Decision Support Platforms.  The ERP Strategy has four Place Based Study Areas for its research.  The Integrated Media Strategy is particularly interested in the activities taking place in the Upper Mid-West Study Area since it encompasses most of the U.S. portion of the Great Lakes Basin.  
· EPA Land Based Programs
· Smart Growth – In 2003, EPA’s Office of Policy, Economics, and Innovation led an effort to develop EPA’s Smart Growth Strategy.  The strategy focuses on the multi-media impacts of development.  Five areas to focus Agency smart growth efforts on to achieve maximum environmental results were identified.  The area of particular interest to the EPA GEO Integrated Media Strategy is Promote Infill and Redevelopment.  As stated in the Smart Growth Strategy, “communities that accommodate more infill and redevelopment can greatly reduce the environmental impacts of development and protect human health.”  Implementation of the land-use directed activities under this EPA GEO Integrated Strategy will support Smart Growth (http://www.epa.gov/smartgrowth/).
· Land Revitalization – As part of its mission to protect human health and the environment, EPA is undertaking an Agency-wide initiative (http://www.epa.gov/oswer/landrevitalization/index.htm) to revitalize land by promoting the restoration and reuse of contaminated and potentially contaminated sites. The Land Revitalization Office, established September 2004, is working with EPA programs (e.g., Superfund, Federal Facilities, Brownfields, RCRA Corrective Action,  Underground Storage Tanks and Emergency Removal) and external partners to implement this initiative, with continued emphasis on: developing land revitalization statistics, measures, and outcomes; conducting land revitalization public outreach; providing training; promoting effective tools that address barriers to land revitalization; enhancing government coordination to promote land revitalization; and building strong land revitalization partnerships. Since the Integrated Media Strategy will be encouraging land managers to use remotely-sensed, airborne, and in-situ land observations toward sustainable land use, integrated multi-media tools developed are also expected to support the Land Revitalization Initiative’s cleanup and reuse efforts.

Activities and Their Outputs
Integration of Multi-media Earth Observations
The strategy for integration of multimedia earth observations is initially to focus efforts on related AMI projects (see attachment).  Linkages will then be made with related tools and programs at the most appropriate level ranging from being on the same information portal to actual tool interoperability.

· Integrate Data and Software Applications.  
Output - This activity will determine what portions of the AMI project software applications or databases can be linked, integrated and/or made interoperable with one another and with other existing or developing earth observation systems.  AMI PIs with projects relevant to the current scope of this strategy will first provide information on their own projects as to the following factors:

(1) Tool Components (data, statistical analysis, models, geographic focus),

(2) Information Technology (hardware, software, network requirements, data sources, application life cycle, data and system documentation, quality assurance), and

(3) Target Community (intended application, user sophistication, user access).

The integration team, consisting of the AMI PIs, MSDSSP, and GEO theme leads from ORD, OEI, and Region 5, will then identify common issues and linkage opportunities across the projects.  The team will evaluate current capabilities of MSDSSP decision support tools to incorporate AMI projects and connect models and data.  For projects that do not fit within the existing structure of the MSDSSP toolkit, the team will pursue the following options:

(a) modifications to existing MSDSSP decision support tools,

(b) incorporation of additional tools, such as EPA’s storm water management model for urban watersheds, and

(c) development of new model linkage capabilities through CREM, 

in order to accommodate additional environmental media, spatial analysis units, user capabilities, or other project requirements.  It is anticipated that integration of the multimedia data and models will be supported by the framework developed by MSDSSP for its Watershed Management Decision Support System.  
Other multimedia systems and frameworks developed by EPA, such as the Multimedia Integrated Modeling System (MIMS) and the Framework for Risk Analysis in Multimedia Environmental Systems (FRAMES), may also be used to facilitate integration.  MIMS was developed by ORD’s Atmospheric Modeling Division to address the interactions between the atmosphere and other environmental media.  MIMS assists in managing large data sets and the large number of models that are typically needed to integrate multimedia models.  MIMS provides a common modeling framework (software infrastructure) that supports constructing, composing, executing, and evaluating complex multimedia modeling.  FRAMES is the software-based technology used to apply the risk assessment methodology in Multimedia, Multi-pathway, Multi-receptor Risk Assessment (3MRA).  3MRA was developed by ORD in collaboration with OSW to assess the risks at actual waste sites to predict the national distribution of risks from contaminated waste streams.  The system assists regulators in evaluating the trade-offs between levels of human and ecological protection and economic impacts.

The following example illustrates multimedia integration of an AMI project and an MSDSSP decision support tool developed by Region 5.  The AMI project, Developing Water and Land Tools to Forecast Bacterial Exposures in Beach Settings, which will enable early warnings about bacterial levels that pose health risks to beach communities, is being linked to the Long-Term Hydrologic Impact Assessment (L-THIA), which assists decision makers in evaluating the impacts of land-use change on water quality and quantity.  Another example of multimedia integration is currently being conducted by MSDSSP, who is combing the Digital Watershed Database (regulated facility sites, river networks, land elevation, soil types, etc.), the Analytical Tools Interface for Landscape Assessments or ATtlLA (landscape, riparian, and physical characteristics, and human stressors), and the ORD ReVA Program’s Midwest Environmental Decision Toolkit (environmental indicators for air, land, water).
Output - A second critical output will be an evaluation of the project integration effort.  Given the technical challenges inherent in this emerging research area, a feasibility analysis and assessment of lessons learned will benefit future EPA initiatives to synthesize data and tools across environmental media for integrated analysis.
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· Develop a complete design book to document how multimedia earth observation data, maps, models, other software applications, planning and environmental issues can be integrated.  
Output – This integration design book will be the basis for developing the web-based selection assistant and will lead the users through a process of understanding, selecting, and using earth observation tools developed through the AMI initiative, while bringing them into contact with the wide range (diversity) of software applications and data layers that are available. The design book will include links to instructive case problems for each appropriate tool in order to show the user how to use the tool or data base and demonstrate practical applications.  These assistance and selection software components will also address other appropriate tools developed outside of the AMI initiative, (e.g., Digital Watershed, L-THIA, ReVA Decision Toolkit, Watershed Central, etc.). The book will be made available in print and electronic formats.

· Build an on-line interface and guide to assist users in the understanding and use of the data and software applications.  
Output – The Integrated Design Book will be the basis for developing a web-based tool selection “assistant” that will guide potential users to the data and applications that would be most helpful for their purposes.  While there are many tools that support sound land management decision making at the regional, state, state and air/watershed level, many local governments, state agencies, and environmental organizations are unaware of their existence.  This strategy will leverage the expertise and technologies already used by EPA, Midwest Partnership, Wisconsin Department of Natural Resources, and ICMA in establishing on-line data and modeling web services for these decision making audiences.  
Capacity Building for Decision Makers
To implement capacity building, the experience and successful methods employed by the Midwest Partnership, WDNR, and ICMA to develop an outreach and training program and materials, will be leveraged.  These methods might include evaluation workshops, training workshops, frequent web-casts, and formation of and interaction with Regional Office user groups, as described at the WDNR websites,
http://dnr.wi.gov/org/es/science/landuse/Changing_Landscapes/ 

(Testing and Evaluating Tools for Land Use and BMPs) 

http://dnr.wi.gov/org/es/science/landuse/CompTools/  

(Course in the Most Effective Decision Support Tools) 

http://dnr.wi.gov/org/es/science/landuse/data_wkshp.htm 

(Comprehensive Planning) 
Capacity building is critical to the EPA Regions and State, local, and public organizations for raising awareness of the tools, enhancing the understanding of their value, and promoting their use. Although the program and materials will be first applied in Region 5, other Regions will be encouraged to participate in the development of the program with the expectation of broadening the workshops, on-line training and materials on a national level.  If these tools are expanded geographically, then the capacity building effort will be expanded correspondingly.  The overall program will be evaluated both qualitatively and quantitatively at each phase of implementation to optimize resources.
· Establish an advisory group to assist in the development and implementation of training and outreach activities.  
Output - The training advisory group, comprised of EPA Regional and Program Office staff and state and local planning decision makers, will be trained in the use of individual media, integrated media and other earth observation and decision support tools. This training will be carried out through on-site workshops, web casts, and interactive projects on the selected collaborative website (e.g., EPA Portal/ESC).
· Develop outreach products.

Outputs - 
· A comprehensive guide to data acquisition and decision support efforts.
· A set of customizable, integrated and interoperable software applications.
· Establish a communications/networking/marketing process to increase awareness and use of the data and tools. 
 Outputs – 

· Hold regional workshops and webcasts.  
· Prepare customized electronic and hard copy sets of program brochures and websites (or subdivisions within the Portal) that include information on each decision support tool, the problem it solves, and how it is intended for use by Regional and local staff. 
Outcomes

Integration of Multimedia Earth Observations
The intended short- and medium-term effects of multimedia integration outputs are:

· Improved Risk Assessments and Decision Making.  The EPA Science Advisory Board conducted the Ecological Risks Assessment in Environmental Decision Making: an Evaluation of the State of the Practice workshop on Feb 7-8, 2006.   A set of key points emerged from the workshop, which were grouped into five categories, one of which was Spatial, Temporal and Biological Scales.  The workshop summary states that “Scales must be appropriate to see emerging patterns across space, time, and levels of biological organization,” and that “Tools such as geographic information systems, continuous monitors, and models, … may be used to identify and incorporate appropriate spatial and temporal scales in ecological risk assessments.”  Tools developed from this Integrated Media Strategy will support and improve risk assessments.

· Risk assessors can use integrated media tools to identify and incorporate appropriate spatial and temporal scales in human health and ecological risk assessments.

· Land managers can take into account both human health and ecological consequences of their decisions.
· Multi-Media Integration Methods Used to Address Additional Issues.  This project to integrate multimedia earth observations will facilitate future efforts to address environmental and health issues beyond land management and sustainable land use.
Capacity Building for Decision Makers

The intended short- and medium-term effects of the capacity building outputs are:
· Successful Use of Integrated Media Tools.  State and local decision makers will use the integrated tools and methods to anticipate the likely future consequences of land management decisions and avoid unintended consequences by analyzing tradeoffs across a suite of environmental and health issues.

· Decision makers use multimedia decision support systems to quantify effects of decisions.

· Integrated multimedia earth observations and tools are successfully used in land management decision making processes to protect human and environmental health.
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Impacts

The long-term intended benefits to society resulting from local resource (air-water-land-biota) managers and city planners utilizing the tools and methods created by this strategy are:

· Improved sustainable land-use planning and decisions to support economic development and environmental improvements,

· Increased urban/suburban infill and redevelopment to reduce the environmental impacts of development, and  

Reduced adverse impacts to environmental and human health resulting from land-use decisions. 

Attachment 

Inventory of Relevant AMI Proposals
Air/Water/Land/Biota Integration for 
Urban Planning/Sustainable Land-Use Decision Making
06-22
National Urban Morphological Data Base and Web Portal Access Tools for Advanced Urban Dispersion and Air Quality Modeling (NERL, US Army, DHS, NOAA-NCAR, DTRA, NASA, GA DNR, U of Utah LANL-DE/HS for SIPs)


PIs:
Jason Ching,  NOAA, On detail to EPA/ORD/NERL 


David J Williams, EPA/ORD/NERL/ESD 
Urban ambient air dispersion assessments and predictions of exposures for SIPs and air toxics “hot spots” in Houston and Atlanta; improved urban meteorology and AQ modeling; SIPs for Atlanta and Houston; and DHS emergency response planning.

06-41
Application of Advanced Monitoring to Characterize Near Roadway Exposures 
(NERL, AR-OTAQ, DOT-FHWA, DOE, CRC of API, DEARS & DCHS for MI-DOT, OAR, DOT-FHWA)


PIs:
Rich Baldauf, NERL



Eben Thoma, NRMRL


Spatial variability of ambient air toxics concentrations and vehicle fleet characteristics
for predicting near-roadway exposures from traffic in Detroit; OTAQ’s decisions on MSAT rule revisions; MI DOT, EPA, and FHWA policies on near-roadway issues (EIS litigation on new roads)


07-35
Automated Earth Observing System for Monitoring Great Lakes Wetland and Watershed Habitat Alterations (NERL, Natural Resources Canada, NY Dept. of State, Great Lakes Commission, International Joint Commission for Urban Planners, State and Fed Regulators)


PI:
Ross Lunetta

Urban planners, coastal resource managers, and coastal NGOs and decision support on urban emissions (and bilateral US –Canada Air Quality Agreements) and human exposure, and localized deposition to soil and water of GLB, and watershed decision support on wetland loss/degradation (and bilateral US-Canada Water Quality Agreements)

07-55
Integrating Earth Observation and Field Data into a Lyme Disease Model to Map and Predict Risks to Biodiversity and Human Health (NCER ,CDC, Yale School of 
Public 
Health for  State and Local Health Departments, Federal Health 
Agencies)


PI:
Montira Pongsiri


Spatially explicit risk map for Lyme disease for State and local health departments and CDC management decisions on reducing Lyme disease risk (also for American Lyme Disease Foundation).  Also helps EPA’s work on planning to promote sound land use and protect human health.

07-15 Environmental Feature Finder: A Capacity Building and Remote Sensing Decision Support Tool for Environmental Decision Makers (NERL, OW, Great Lakes Program, R5,6,USGS, DOE – Los Alamos, WI DNR  for non-technical audience)


PI:
Andrew Pliant

Integrating technologies for better prediction capability of the impacts of local and regional planning decisions on land-use changes in the Great Lakes region

06-31 Automatic Imagery Ortho-Rectification Pilot (NERL, EPA Geographic Information Officer(GIO), R5,CIA,RSA, RSDG, GOS  for multiple applications)


PI:
E. Terrence Slonecker, ORD



Al Krause, Region 5
EPA Regions (e.g., R5) access to digitally-converted and geo-referenced historical aerial and satellite image data for efficiency assessments (cost-time-labor per decision) of emergency conversions and capability assessments for locational data of regulated entities and facilities.

07-16
Developing Land and Water Tools to Forecast Bacterial Exposure in Beach Settings



PI’s: 
Richard Zepp, Walter Frick, and Marirosa Molina, ERD



         
Richard Zdanowicz, Region 5
One synthesized web-based tool using a suite of individual models that allow beach managers and other stakeholders to forecast beach and other water vulnerabilities; identification of measures of success.  Greatly improved accuracy in targeted beach monitoring, possibly accompanied by greater control of treatment processes (i.e. waste water and drinking water systems), reducing both beach closings and other risks. 

Supplementary AMI/Allied projects (i.e., proposed for AMI/GEOSS, not funded, but received funding from other sources) including but not limited to:

EQIP RARE Project, submitted under FY ’06 AMI, funded under RARE

06-17
Web-Based Environmental Quality Indicators (EQIP) Decision Support 



System


PI’s:
Alfred E. Krause, Region 5




John Lyon, ORD

Within the Great Lakes Basin and the six states of Region 5, this project will create a publicly accessible tool that will quantify the non-point source water quality impact of every agricultural holding, and then calculate the Best Management Practices (BMP’s) and approximate costs need to respond to that impact.  It will be a powerful simple  “bird dog” tool for farmers, NGO’s and workers in government in all areas and at all levels

Optimization Engine Project, submitted under FY ’06 and ’07 AMI, funded by NRCS

06-18 (Optimization Engine( for Location Selection and Configuration for Land-Use Change and BMP Placement 



PI’s:
Alfred E. Krause, Region 5




 John Lyon, ORD

This project will create a basic tool that will plug into standard GIS (ESRI) tools and web-based GIS systems.  In particular it will work with tools that calculate the water quality impacts of land-use changes and the implementation of Best Management Practices (BMPs).  It will allow searching of entire areas, from single lots up to entire watersheds, for the locations most suitable for particular land uses, and the sites most suitable for the implementation of Best Management Practices.
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Linked Components of Integrated Demonstration
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Example of Integrated Multimedia Earth Observation Systems





Automated Digitization of Historical Aerial Photography             (AMI 06-31)





Great Lakes Urban Transportation Mapping (partner on AMI 07-35)
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Environmental Feature Finder     (AMI 07-15)





Great Lakes            Urban Expansion      (AMI-07-35)





Bacterial Exposure at Beaches (AMI 07-16)





Detroit Roadway Emissions/Exposures (AMI 06-41)





Lyme Disease Infection Risk (AMI 07-55)





River & Stream Ecological Condition (States, EMAP, OW)





Land-use management decisions





Great Lakes Ecological Condition (SOLEC, GLEI, EMAP)





EQIP: Parcel BMP Web Tool (NERL & Reg 5)





Optimal Land-use Siting Web Tool (ERL & Reg 5)





ReVA





L-THIA





Digital Watershed





Ecosystem Services
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How much of A, B, or C can we have without harming X, Y, and Z?





Desired Outcome:


Land-use optimization within defined constraints for minimizing human and environmental health risks
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