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1. Project Summary

1.1 Center for Emergency Response and Critical Infrastructure Informatics(CERCII): Center of Excellence

A partnership among IUB, IUPUI, Purdue, and the Open GIS Consortium will create a center of excellence focusing on goal-oriented applications of Grid, GIS, sensor, and visualization technology to the emergency preparedness and response (ERP) and critical infrastructure protection (CIP) activities of government and business.  The center will create data and systems infrastructure, which we term CrisisGrid, to support R&D to advance the ways in which ERP and CIP information is monitored, analyzed, modeled, visualized, and delivered.  Through its advanced IT infrastructure, management, and outreach, the proposed center will enable the collaboration of experts in Grid technology, geospatial technology, visualization, modeling, simulation, geography, statistics, decision support and environmental science to model a new approach to critical infrastructure information technology.  During the first 2-year phase of the center, we will pursue a proof-of-concept Flood CrisisGrid to test the concept and extend it to this critical area of concern to Indiana.  The center will actively engage the commercial and public sector in workshops and seminars to collect user requirements for potential applications and to translate its R&D into economic development and technology commercialization opportunities.  It will engage a wide variety of Indiana researchers and commercial interest in its R&D activities.

Indiana-based Collaborators

	Participating Institution
	Key Personnel

	Purdue University
	Bertoline, Chaturvedi, Choi, Engel, Huber, Rochon

	Indiana University
	Baker, Fox, Pierce, Ko

	IUPUI
	Bodenhamer, Frederickson, Wilson, Zheng

	Rivers Institute at Hanover College
	Brautigan

	Butler University
	Linos

	Purdue-Calumet
	Ibrahim

	Non-university

	Open GIS Consortium, Inc.
	Buehler

	Innovar LLC, West Lafayette, IN
	Cisneros

	Tugtel, Inc, Gary, IN
	Muhammad 

	Disaster Resistant Community, Inc.
	Lehman

	City of Indianapolis/Marion County
	Mockert

	State Emergency Management Agency (SEMA)
	Crider


1.2 Expected Outcomes:

The center’s collective expertise will support a new generation of data-intensive science.  We expect the funding of this proposal to strongly influence the research activities of all participants.  Two specific examples described in this proposal are fundamental advances in high performance flood modeling and the development of innovative GIS-Grid software to couple real time data and applications.  A strong public/private R&D community will be developed around these innovations, significantly increasing the ability of Indiana universities to compete effectively for federal and private R&D funds in disaster informatics, critical infrastructure protection, and related informatics areas.  Our center will be unique nationally in applying integrated GIS, Grid, and high performance computing techniques to problems in EPR and CIP. We will become a leader in emergency response and critical infrastructure informatics.  Marketable methods and tools for ERP and CIP will be developed, creating ongoing economic opportunities.  The proposed proof-of-concept project (Flood CrisisGrid) will demonstrate the potential for better flood prediction and assessment and ultimately reduce Indiana’s flood disaster losses and stimulate further R&D investment in this area.  It also will demonstrate the potential to reduce insurance rates through the establishment of protective system to predict and reduce risks.

1.3 Submitting Investigator Contact Information:

David Bodenhamer, The Polis Center – IUPUI, 1200 Waterway Blvd., Indianapolis, IN 46202

(317) 278-2153,  
(317) 278-1830 (fax),  intu100@iupui.edu
 

2. Statement of Project Goals and Expected Results

2.1 Statement of Need

Many recent events have highlighted the our vulnerability  to both natural and anthropogenic disasters.   The impacts of floods, tornados, wildfires, agricultural blights, terrorist acts, and other events are felt in terms of human suffering, property damage, loss of livelihood, economic deterioration, and environmental destruction.  
Efforts to reduce the impacts of emergencies and disasters require getting the right information to the right people at the right time.  
The Commission on Geosciences, Environment, and Resources (CGER), in its 1999 National Academies Press report “Reducing Disaster Losses Through Better Information,” concludes that the current “non-system” for providing information for disaster management does not effectively use the wealth of information that resides with various organizations and that the nation needs a disaster information network to promote coordination and collaboration among providers and users of disaster information.  Problems managing and exploiting this “wealth of information” is part of a larger scientific trend toward data deluge: our ability to collect high quality, high resolution data has undergone a revolution, but information management has not kept up.  For example, modeling and simulation codes are not currently designed to handle such large amounts of data.  

The Department of Homeland Security (DHS) more recently has highlighted and quantified the need to develop methods for sustaining and protecting the nation’s infrastructure against catastrophic damage.  DHS identified an array of sectors affected by demands for critical infrastructure protection ranging from agriculture to banking and finance (National Strategy on Homeland Security, Homeland Security Act of 2002).  To address the nation’s need for Critical Infrastructure Protection (CIP) and Emergency Preparedness and Response (EPR) for this broad range of sectors, DHS concluded that a key requirement is to develop systems to predict, identify, monitor, and cope with damage.  Grid technologies are central to this goal, as they are generally designed to integrate sensor/data collection, data storage, modeling applications, and computing resources owned by various organizations into single, temporary “Virtual Organizations” [foster01a] [foster02a].  The infrastructure technology necessary to support both emergency preparedness and response and critical infrastructure protection is  a Grid linking people (first responders, command centers, experts), data (both raw real-time sensors and data archives), simulations for strategic planning, and what-if scenarios during an actual event.

We therefore propose to address the needs identified by DHS by creating a center of excellence that will promote and support R&D in the application of diverse infrastructure technologies to CIP and EPR problems: a Grid of Grids ([foster02a][berman03a][fox03a]) that we term CrisisGrid.  CrisisGrid will be a set of services corresponding to data sources (e.g., sensors, databases), Grid system services (e.g., collaboration and security), and specific CrisisGrid services (e.g., flood modeling).  We will design CrisisGrid around core component technologies, described in Section 6, that will form a generic foundation on which to build specialized systems.  As described in Section 3, our project team is highly qualified in the component technology areas and our advisory board includes nationally recognized experts in biological, nuclear, earthquake, and other disasters, who will provide necessary guidance for extending CrisisGrid applications.

During the initial 2-year phase of the center’s development, we will pursue development of technologies to address a problem of particular significant to Indiana—floods.  The Flood CrisisGrid will enable us to test the CrisisGrid concept and extend it to a critical area of concern to Indiana.   A successful demonstration of the Flood CrisisGrid concept at a recent Indiana Flood Response and Recovery Conference provided feedback from the flood response community and thus opened a good starting point for this first center project (this sentence needs to be stronger).  Other crisis modeling projects will evolve from the CrisisGrid component technologies.

2.2 Center Goals

A Center of Excellence for Emergency Response and Critical Infrastructure Informatics (CERCII) will be established with the three-fold purpose: 1) to advance basic and applied research in emergency response and critical infrastructure informatics; 2) to commercialize associated technology; and 3) to perform business development and technology transfer.  The center will serve the academic and high-tech business communities of Indiana as a hub for multi-institutional collaboration in basic and applied research in emergency response and critical infrastructure informatics technologies, and for related technology transfer; a resource providing state-of-the-art Grid information infrastructure in support of academic, private sector, and government R&D initiatives; and a hub for a statewide network of Grid-based Web Service researchers and developers.

2.2 Expected Results

CERCII will provide an integrated environment for informatics R&D activities that will increase state and national capacity to develop solutions for the information needs of emergency planners and responders.   The center will attract faculty and financial support to conduct interdisciplinary IT research relevant to management of emergencies and critical infrastructure.  It also will create and stimulate the development of new methods and tools, based on the defined needs of the emergency management communities, that enable emergency preparedness and response information to be rapidly monitored, analyzed, modeled, and delivered to end users as they need it, how they need it, and when the need it.  It will work to ensure that commercially viable products emerge from its research.  In the 2-year launch phase described in this proposal, we will develop not only the broad framework for the ongoing R&D of CrisisGrid but also a ‘proof-of-concept’ Flood CrisisGrid to demonstrate how CrisisGrid technology can advance the ability to predict, mitigate, and prevent damage caused by  flood events.

2.4 Intellectual and Societal Impact 

The development of CrisisGrid will lead to both fundamental and operational innovations in several areas.  The key driving factor will be the coupling of unprecedented amounts of high quality, high resolution data with modeling codes and visualization applications into single large, automated Grid applications.  As we discuss in Section 6. 6, LIDAR and NEXRAD data quantity and quality will lead to important innovations in flood modeling applications.  Likewise, we expect GIS visualization services to benefit from high performance visualization techniques described in Section 6.5.  CrisisGrid deployments will require metadata information systems and service orchestration capabilities that area at the forefront of current Grid research, as discussed in section 6.2.
The strong public/private R&D community developed around CERCII will significantly increase the ability of Indiana universities to compete effectively for federal and private R&D funds in the areas of emergency response, disaster mitigation, critical infrastructure, and other information critical areas.  Indiana ultimately will become a national leader in the area of emergency response and critical infrastructure informatics technology. CERCII also will allow Indiana to lead the nation in supporting science that is significantly more data-oriented than in the past.  While Grid technologies are distinct from high performance cluster and parallel computing, they are complementary and the center’s R&D will create opportunities for the commercial sector in both Grid and parallel computing.  


Marketable methods and tools will be developed, creating ongoing economic commercialization opportunities.  Flood CrisisGrid will enable better flood prediction and assessment and ultimately the reduction of Indiana’s flood emergency losses.  This capability will be made available to others states.  It also should result in the reduction of insurance rates by demonstrating the capacity to reduce risks.  Local and state government will see a return on their investment in data collection and sensor deployment and be motivated to improve their IT infrastructure.  IT professionals with experience in Grid and Web Service technologies will be needed to manage commercial versions of these technologies from IBM, Microsoft, Oracle, and many other companies.  We will be able to demonstrate direct, tangible benefits of state investment in high speed networks, high performance computing clusters, and data acquisition.

Multiple sectors will be positively influenced by CrisisGrid in terms of the resources and services that will be made available to them and in the products and advancements in emergency and critical infrastructure information technology.   First responders will benefit from the development of faster, more dependable information delivery and the emergency planning and mitigation communities similarly will benefit from more efficient flow of information and extraction of critical knowledge.  The IT industry will be able to develop new emergency response and critical infrastructure protection products, including geographic information system (GIS)-based applications [that track emergency management resources, provide incident mapping display on the Internet and/or an Intranet, and let emergency management personnel immediately share critical information.] CERCII will provide opportunities for developers of hazard prediction models and casualty and damage assessment tools and test beds for the work of standards organizations, such as the Open GIS Consortium (OGC) and Global Grid Forum (GGF), that focus on data, technology, and application standards to promote greater systems interoperability.  All potential user communities will be included in center activities to develop requirements for and usability testing of its products.  CrisisGrid will enable significant reduction in the time and cost required to identify and apply information vital to the protection of critical infrastructure and for emergency preparedness and response.  Indiana will benefit by the creation of a rich set of resource services to illustrate and test important new technologies.

2.5 Funding

$1,999,867 is requested from the 21st Century Fund, which will leverage $1,231,015 in institutional support and an additional $4,271,665 in other federal/commercial support.  

3. Participants

CERCII’s mission will be accomplished through strong research and administrative leads (Table 1) and through numerous state and national partnerships with researchers and practitioners from universities research labs, private enterprise, nonprofit organizations, and government agencies (Table 3).  The center will pursue commercial involvement through its advisory board (Table 2) to translate R&D into successful commercialization opportunities.

Table 1: Center Directors

	Organization
	Director
	Area

	The Polis Center, IUPUI (Polis)
	David Bodenhamer
	Admin, user community, policy, GIS 

	Community Grids Lab, IUB (CGL)
	Geoffrey Fox
	Grids research

	Purdue Terrestrial Observatory (PTO)
	Gilbert Rochon
	Sensor research

	Visualization and Interactive Spaces Lab, IUPUI (VIS)
	Polly Baker
	Visualization research

	OpenGIS Consortium
	Kurt Buehler
	GIS Standards, Commercialization

	Center for Advanced Applications in Geographic Information Systems (CAAGIS)
	Bernie Engle
	GIS Applications


As reflected in Table 1 above, Polis will manage the proposed Center of Excellence, providing the needed administrative support and coordinating collaboration of project partners.  Polis has extensive experience in management of large, complex projects that involve multiple community and academic partners.  It also has expertise in geospatial technologies and is actively engaged in helping numerous, multi-partner initiatives benefit from the integrative capabilities of GIS.  CGL will lead the R&D of Grid technologies for CrisisGrid.  CGL’s internationally recognized research activities include data grid technologies, distributed event systems, Web Services, ubiquitous service access (through PDAs), multimedia services, and component-based portal systems.  Geoffrey Fox, CGL director, is co-chair of both the Semantic Grid and Grid Computing Environments Research groups of the Global Grid Forum.  PTO will lead the R&D of sensor technology.  PTO provides real-time data streaming services through scheduled ingestion of NASA MODIS Terra & Aqua sensors, the NOAA Advanced Very High Resolution Radiometer (NOAA) High Resolution Picture Transmission (HRPT), the Geostationary Observational Environmental Satellite (GOES), and RADARSAT.  VIS will lead visualization R&D.  VIS explores the use of high-end graphics, visualization, novel display configurations, and user interface techniques to enable applications involving data exploration and learning.

The roles and qualifications of these lead center partners are described in more detail in Section 6.x “Plan of Work,” as are those of other key members of the initial 2-year Flood CrisisGrid proof-of-concept, including Purdue University’s Center for Advanced Applications of GIS (CAAGIS) and the Open GIS Consortium (OGC).  CAAGIS has extensive flood and watershed modeling experience and will lead the flood proof-of-concept development.  OGC is an international industry consortium of over 240 companies, government agencies, and universities that establishes common interfaces that "geo-enable" the Web and mainstream IT.  OGC will design and implement the CrisisGrid Enterprise Architecture and provide support for the realization of commercial relationships.

CERCII will facilitate collaboration between faculty, students, and commercial partners with strengths in Grid computing, geospatial technologies, visualization, modeling, simulation, decision support, and other expert areas as dictated by the evolving goals and objectives of the center and its projects.  
We will formally engage research and commercial sectors through our CERCII Visitor Program and Requests for Proposals and will provide continued outreach through ongoing R&D seminars and workshops.  These outreach activities are described further in Sections X and X, pages 20-21.

The center and its design teams will engage the user communities (Table 3) to define community/user needs, for translation into requirements and design specifications for R&D and product development.  

Table 2: Advisory Board

	Organization
	Point of Contact
	Proposed Contribution

	Research

	Center for Computational Homeland Security, PU
	Alok Chaturvedi
	Board member, Sensor Grid

	Office of VP of Research, IUB
	Michael McRobbie
	Board member

	Office of VP of Research, PU
	Jim Bottum
	Board member, large-scale parallel computing resources

	Center of Excellence in GIS, University of West Virginia
	Trevor Harris


	Board member, visualization, object-oriented GIS

	Decision Applications Division, Los Alamos National Laboratory
	Randy Michelsen
	Board member, decision support systems; biological and nuclear disasters

	Geographic Visualization Science, Technology, and Applications Center (GeoVISTA), Penn State
	Fred Fonseca


	Board member, expertise in spatial ontologies, spatial cognition, interoperability, and information integration. 

	Univ. of Alabama at Birmingham 
	Bharat Soni
	Computational fluid dynamic (CFD) models

	Jet Propulsion Laboratory, California Institute of Technology 
	Andrea Donnelllan
	Solid Earth Research Virtual Observatory Grid (SERVOGrid), earthquake modeling

	Commercialization/Markets


	IBM Global Services
	
	Board member, commercialization 

	Michael Baker
	 
	Board member, commercialization 

	PBS&J
	Tom Durham  
	Board member, commercialization

	US Army Corps of Engineers 
	Andy Bruzewicz
	Board member, government market


Table 3: Community Partners

	Universities

	Envision Center for Data Perceptualization, PU
	Gary Bertoline
	Visualization research

	Visual Information Sensing and Computing, IUPUI
	Jiang Zheng
	Image processing, SensorGrid, Visualization research

	CAAGIS, PU
	Bernie Engel
	Flood modeling, Flood Grid

	Department of Geography, IUPUI
	Jeffrey Wilson
	GISGrid/LIDAR 

	Purdue-Calumet
	Nabil Ibrahim
	

	Rivers Institute, Hanover College
	Jeffrey Brautigan
	Social/economic impacts of flooding.

	Butler University
	Panos Linos 
	

	Nonprofit Organizations and Private Businesses

	Open GIS Consortium, Inc.
	Kurt Buehler
	CrisisGrid Enterprise Architecture, commercial relationships

	IMAGIS Consortium
	Jim Stout
	Marion County Data Grid

	Indianapolis Water Company
	Charlene Avery
	User requirements

	Innovar LLC, West Lafayette, IN
	Mark Cisneros
	Commercialization

	Disaster Resistant Community, IN
	Roger Lehman  
	Commercialization

	Tugtel, Inc, Gary, IN 
	Adrian Muhammad 
	Commercialization 

	Assoc. of State Floodplain Managers
	 Ed Copeland
	User requirements

	Government Agencies

	City of Indianapolis/Marion County
	Dave Mockert
	User requirements: Indianapolis /Marion County flood response

	IN State Emergency Management Agency 
	Jan Crider
	User requirements in support of state flood mitigation and response

	Marion County, IN, EMA
	Steve Robertson
	User requirements

	Delaware County, IN, EMA
	Bill Gosnell, 
	User requirements

	Federal Emergency Management Agency 
	Claire Drury
	User requirements


4. Intellectual Property

Indiana University and Purdue University have well-established policies on intellectual property that seek the widest and most open access to information possible while simultaneously protecting the commercial value of the property.  Both universities also have established units to facilitate the commercialization of intellectual property.  We will operate the center under these policies and in cooperation with the technology transfer departments on each campus.

Because this venture is a joint one involving two separately constituted institutions, the advisory board of the center will develop a policy for official approval that reconciles any discrepancies between the two universities' policies and practices and protects the legitimate rights of the institutions and affiliated researchers, while also securing the ownership claims of the inventors of the intellectual property the center expects to commercialize.

Consistent with the 21st Century Research & Technology Fund’s goals of expanding the field of high technology research in the State of Indiana, the parties to this collaboration agree to identify, assess, and utilize any intellectual property resulting from this collaboration in the following manner.  Title and right to any intellectual property developed by Indiana University researchers under the 21st Century Research & Technology Fund is determined by Indiana University’s Intellectual Property Policy contained within the Indiana University Academic Handbook.  Title and right to any intellectual property developed by Purdue and other university researchers under the 21st Century Research & Technology Fund is determined by other universities formal policy on Intellectual Property.  Title and right to any intellectual property developed by the commercial partner under the 21st Century Research & Technology fund is determined by the commercial partner’s current policy on intellectual property inventorship and ownership and existing industry practice on commercialization of intellectual property.  Title and right to any intellectual property jointly developed by Indiana University, Purdue University, and their commercial partner shall be jointly owned by all parties.  All parties agree that any intellectual property owned prior to this collaboration will continue to be owned by the original owner/developer.  The parties agree that Indiana University and Purdue will retain a limited right to conduct research and to instruct based on the intellectual property developed during this collaboration.  Primary responsibility for identifying, protecting and managing applicable intellectual property resides with the Advanced Research and Technology Institute (ARTI) affiliated with Indiana University, under the policies developed and supervised by the Indiana University Research Policy Committee and the Vice President for Research.  The parties agree that the commercial partner shall have an exclusive first option to commercialize any Indiana University intellectual property, Purdue intellectual property, or jointly-owned intellectual property resulting from this collaboration, and the terms of such commercialization agreement/license will be reasonable under the circumstances and will be negotiated in good faith between the parties.  The parties will also report to the 21st Century Fund Board regarding any developments under this collaboration, the relevance of the results of the collaboration to the State of Indiana and its residents, and regarding any intellectual property developed and commercialized as a result of this collaboration.

5. Budget 

The required forms are attached.

6. Research and Development Plan (15 pages Proof of Concept: Flood model 

6.1 Problem Statement

This proposal requests funds to build the integrated computing system infrastructure needed to perform Critical Infrastructure Protection (CIP) and Emergency Preparedness and Response (EPR). The importance of EPR/CIP is broad: the Department of Homeland Security (DHS) has identified a large number of affected sectors, including but not limited to agriculture, water, food, public health, emergency services, defense, energy, and transportation, among numerous other sectors
.  Many emergencies associated with these sectors are suitable for Grid-based modeling frameworks that connect data sources, modeling applications, computing resources, visualization services, and collaboration services.  In this proposal we specifically examine flood modeling; however, these approaches are suitable for many other applications, including severe weather forecasting, earthquake modeling, and wind-born contaminant modeling, to name a few.
To help plan for these threats and coordinate emergency response, we will develop CrisisGrid, a broadly applicable infrastructure and framework to support EPR-based modeling and simulations.  This system will provide useful services for planning and emergency response scenarios.  CrisisGrid will be based on generic constituent components: archival and real time data sources; predictive simulation codes for modeling and forecasting;  GIS data and service standards for accessing and presenting information; scientific visualization tools; and collaborative tools for sharing audio, video, and graphical applications.    From these component technologies, we may build specific applications.  
These scientific applications will be fruitful areas of innovation. As we illustrate in the Flood CrisisGrid application, a revolution in data intensive scientific computing is taking place: high quality, high resolution data such as is LIDAR and online satellite data is available at unprecedented levels, and the addition of small, networked sensor devices will continue to drive this trend. Existing modeling applications are just now beginning to adapt to this data deluge. 
We expect an operational impact as well, as emergency planners and responders will be able to transparently handling these new data intensive applications.  The following illustrate intended end user interactions with the system: 

· A researcher developing a flood modeling application needs to determine validity benchmarks for her code, so she sets up and runs a parameter search problem to determine the region of validity for her model by comparing results to historical floods.  All parameter settings used by the researcher are stored in metadata management services so that the researcher can keep track of simulations.  Model scenarios that correctly model the benchmark validation cases are published to a digital library.
· A crisis management planner works with developers and insurance agencies to determine the impact of land use changes.  Existing land use data is edited through GIS tools and new, validated flood simulations are set up and run with synthetic real time data that simulates one-year, five-year, and ten-year events.
· Emergency planners want to determine the best use of rain gauge sensors, so they run model scenarios with synthetic sensor data to determine the best location and density of sensors.
· Emergency responders need to quickly set up an ad hoc audio-video conference with multiple shared cameras.  Some of the emergency responders are in a command and control room with large visualization displays, while others are in the field with PDAs, cell phones, and wireless laptops.  Flood (or other emergency) forecasting  results need to be quickly shared with all team members. Before running any new (and possibly expensive) model simulations, digital libraries are automatically checked to see if validated model results are available that are close enough to the current situation.    
The infrastructure elements needed to support these use-cases are partly in place.  OpenGIS and other data standards provide uniform, open standards for data models and for services needed to access and manipulate this data.  Real time data sources are coming online at a rapid rate. Grid technologies provide secure ways of executing remote applications, performing high performance data transfers, and scheduling applications across distributed resources.  Generic standards for unifying previously incompatible collaboration standards have been developed [globalmmcs]. Component-based computational portal systems with reusable parts are now available through the Open Grid Computing Environments (OGCE) collaboratory and related projects [alliance_portal, doe-portals, ogce]. 

We note however that the single, unifying architecture to tie all of these components together is missing, as are key orchestration technologies.  We propose to provide this unifying architecture using Web Service standards from the World Wide Web Consortium (W3C) and OASIS.  Web Service standards are being adopted by OpenGIS Consortium, Grid computing in general, and specifically Data Grid projects such as LEAD [lead-project], the Earth Systems Grid (ESG) [esg_project], and GEON [geon-project].  By providing WSDL interfaces to all capabilities needed by the CrisisGrid, we may build a generic foundation for CIP/EPR applications that may be extended to support specific CrisisGrid systems.


6.2. Grid of Grids: Unifying Project Core Components (Community Grids Lab, Lead)

Our approach is to build specific CrisisGrid systems on a foundation of general purpose core components described in sections 6.3-6.6.  The key unifying technology in our project components will be the construction of a Grid of Grids. Our major project components are individually beneficial areas of research, but the combination of these into single, integrated meta-applications is a challenging research effort.  To carry out the usage scenarios in Sec 6.1, a generic CrisisGrid application must:

1. Discover and access remote data sources, both archival and real time.  This may use OGC standards such as CS-W (see table XXX).  These data sources may be owned by different stakeholders with different usage policies.

2. Process the incoming data.  This may involve several steps, combining GIS services (including feature retrieval and image generation) as well as computational modeling.  Computational modeling may be distributed applications or high performance computing applications.  The Flood CrisisGrid provides an excellent example of both cases.  Again, the computing power may be provided by multiple stakeholders.

3. Deliver results to visualization applications and invoke them.  Visualization tools may vary widely in their sophistication, as described in Core Component 6.5.  

4. “Publish” results and images to interested subscribers, including real time collaborators, and for archival storage. 

5. Enable collaboration between interested parties in various modes.  

Many or all steps may be composed into a single “meta-applications” using workflow technologies.  Specific workflow sequences may be chosen by the researcher, or they may be fixed sequences of events triggered by emergencies, such as specified with the Sensor Planning Service (Table XX).

Grid Computing technologies [berman03a, fox03a, foster01a, foster02a, foster99a, ogsa03b] enable steps 1-5 (and the workflow connections) to be carried out securely in a distributed environment.  Specifically, Grid technology allows different organizations to come together to form Virtual Organizations that can share computing resources, data, applications, etc.  Grid technologies are well established in high performance scientific computing [foster99a, foster03a].  More recent Grid research has addressed problems in secure, large scale distributed data access, collaboration, and information management [berman03a, foster03a].  In researching these problems, Grid designers have become closely aligned with W3C activities and commercial information technology efforts to develop XML-based standards for Web Services [booth04].  Very similar trends are occurring in the OpenGIS Consortium and we identify an important, if currently uncoordinated convergence between Grid and GIS technologies.  
The term “Web Services” in this context has a very specific meaning:

· Services are defined universally by WSDL descriptions and communicate (often but not exclusively) with XML-based SOAP [gudgin03a, guidgin03b] messages.  Both WSDL and SOAP are XML-based and so allow a number of different implementations in various programming languages to interoperate.  

· One may extend these technologies in various ways.  For example, service-based Grids often are defined by conventional extensions that may be included in a WSDL definition.  SOAP is designed to be extensible to support various qualities of services.  Important extension activities here include Web Service security and reliable messaging.  Services themselves may be composed of other services and so can provide what is variously referred to as workflow, service orchestration, coordination, and job management [workflow-workshop]. 

· Services collectively form Service Oriented Architectures booth, which use (wherever possible) message-based and not Remote Procedure Call (RPC)-based linkages of capabilities. This produces lightweight, loosely-coupled services that can be distributed and replicated.

There are many technologies used for implementing traditional Grids, the NSF NMI’s Grid Center [gridscenter-ref] providing an important collection.  More generally, however, Grids are now defining Web Service interfaces [tucke03a] that are independent of the underlying implementation.  There is much debate currently as to what (if any) extensions must be made to create Grid Services from Web Services.  In the CrisisGrid, we will follow the approach of building pure Web Service-based grids, which (through the Java CoG Kit, [cog-ref], for example) may wrap traditional Grid implementations.  We note that this approach is the recommendation of the United Kingdom’s Open Middleware Infrastructure Institute [omii-ref], which will influence UK grid development.
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Members of the proposal team have successfully pursued this “Grid of Grids” approach to support earthquake modeling in the Solid Earth Research Virtual Observatory (SERVO) Grid project.  This system will be natural candidates for a future CERCII CrisisGrid.  SERVOGrid also is showing the way to build international Grid applications: the Asia Pacific Economic Cooperation’s Cooperation for Earthquake Simulation (ACES) will rename itself iSERVO and begin deploying international Web services during Summer 2004.

Fig. X3 illustrates how a particular critical infrastructure—our flood prototype—can be constructed from core Grid services combined with a special set of auxiliary Grids—namely those for sensors, GIS, visualization, computing, and collaboration. This set can be re-used as shown in the figure in all critical infrastructure Grids and illustrate the important interoperability principles with which Grids are built. Our approach implies that each component Grid be minimal—for example the catalog and notification services as defined by OGC for the GIS Grid will be built by transforming the general services of this type in the core Grid. Our group is very familiar with the status of best practice in both the Core and other Grids like the compute Grid (see [fox03a] for a review). Our strategy is to re-use services wherever possible in all parts of a composite Grid; our energies will be applied to integration activities such as the transformational linkages and the special needed services. In building composite Grids, the services or sub-Grids fall into three classes:

· Those special to Critical Infrastructure or emergencies e.g., biological sensor nets or evacuation planning service.

· Those that are important but can be taken from other Grids, such as GIS or collaboration and security.

· Those that come from other Grids but are re-factored for the composite Grid—for example, the simulation is reduced in size or the public health database interface is simplified.

CrisisGrids are customized, composed, and overlaid with other Grids (such as weather, census data) for different emergency preparedness, response, and disaster informatics communities. This way one generates Grids aimed at Public Health, Emergency Response (Command and Control) or CrisisGrids, Infrastructure Planning, Education (schools) and Training (of managers and first responders) and finally Interdependency analyses between the different infrastructures and overlaid communities. This composition and overlaying is just a further use of the Grid of Grids architecture.

The challenge of the CrisisGrid development is not simply to provide the capabilities listed above, but to provide a unifying framework that connects these services in standard ways.  Thus, for example, service discovery and coordination techniques may be applied to all types of services (including data, computing, and collaboration services).  Likewise, quality of service (such as reliable delivery) may be implemented once and applied to all CrisisGrid services.
Grid Research Activities and Innovations: Key deliverables for CERCII will be Web Service standards based OpenGIS, Grid, collaboration, and visualization services.  We must further address other important features that are emerging, including
· Adoption of Web Service standards by the OGC:  in-development standards by the OGC will leverage Web Service standards such as WSDL and SOAP.  Providing open source implementations of OGC Web Services will be one of our principal activities.  

· Service coordination, orchestration, and events: services may need to be coordinated into composite meta-applications.  This is an active area of investigation in the Web Services community [BPEL], the Global Grid Forum [workflow-workshop], and the OGC. We will extend preliminary research on stream and application-based workflow models to support CrisisGrid systems.  The flood grid simulation model we describe below is an excellent test case. 

· Semantic metadata management: Grid applications generate a great deal of metadata, including service descriptions [WSRF-REF], user interaction archiving [SERVO], and data pedigree [SAM, Futrelle03].  The Semantic Grid [sg-ggf] activity is a promising forum for these investigations.  We will extend semantic information systems that we are developing to CrisisGrid applications.  

· Reliability: Grid applications must assume volatility in remotely distributed, remotely managed services. Web Services must therefore provide reliable information systems and reliable message delivery.   We will build upon current research work in WS-ReliableMessaging to provide required qualities of service.

· Security: Grid authentication systems are well established.  Web Service security specifications exist, but free, open source implementations are still in their early stages.  It will be an important activity of the CrisisGrid team to build the necessary security components needed by the generic CrisisGrid.  Security capabilities must include authentication (proof of identity) and authorization (or access privilege enforcement, based on proven identity). The CrisisGrid’s usage for both preparedness and response implies an interesting case for security roles: access level privileges may be more egalitarian during CIP phases, but must be restricted to a few privileged users (crisis responders) during ERP phases.  

· Adaptability and Autonomy: Web Service-based grid systems must adapt to various situations such as unavailable services and denial of service attacks.  

· Collaboration: Web service-based systems for collaboration are being developed to handle many-to-many audio/video collaborations [wu03a].  This developmental system provides a means of connecting high end (Access Grid, Polycom) and low end (webcam) collaborators. These will be adapted to the needs of crisis responders. 

These will be active areas of development within CERCII.  By adopting Web Service approaches and extending their capabilities, we have a uniform way of integrating new services needed by the CrisisGrid.  In the following section, we discuss the specific service categories and the overall integration strategy that we will adopt.

6.3 Core Component: Geographic Information Systems (GIS) (Polis Center, Lead)
Decisions that direct emergency response efforts require answers to geography-based questions such as “where will flooding occur?,” “where is the nearest unit that can respond to this emergency?,” and “where has the most damage occurred?”.  Through GIS, data describing population, physical geography, political boundaries, infrastructure, and other aspects of an area are brought together.  By providing a means to integrate, visualize and analyze geographic data from multiple sources, GIS is fundamentally changing the way governments and other agencies manage emergencies.  For disasters, the scalability of the GIS Grid can be invaluable in coordinating efforts of participating agencies, generally with the use of wireless technologies and Web-based GIS applications to increase the ability of GIS to coordinate emergency response efforts.  

Table X: xxxx

[DJB - WHAT IS THIS – NO REFERENCE IN TEST]
	XML Encodings
	Description
	Relationship to CrisisGrid Framework

	Geography Markup Language (GML)
	XML encoding for specification of  geometry and properties of geographic features.  
	GML will be the starting place for application ontologies built under this effort.

	Styled Layer Descriptor (SLD)
	Specifies the format of a map-styling language for the output of WMS, WCS, etc. See Table 5.
	SLD will enable different communities to develop a set of customized portrayal rules 

	Sensor Markup Language (SensorML)
	Information model for discovering, querying and controlling Web-resident sensors.
	SensorML will describe the various sensors in CrisisGrid.

	Observations & Measurements (O&M) 
	Information model and encodings for observations and measurements.
	O&M defines the observations that are returned from the CrisisGrid sensors.


While GIS has the powerful ability to integrate data, issues of varying data formats and levels of system interoperability often prevent GIS from providing real-time integration.  To promote the needed GIS interoperability at the federal, state, and local level, the Department of Homeland Security is planning to release a geospatial enterprise architecture this Spring, based on a federal, business and performance-based framework to support cross-agency collaboration, transformation, and government-wide improvement (called the federal enterprise architecture).  The state GIS and emergency response community, represented by several of the center’s university, public, and private sector partners, is poised to consider and adapt these federal recommendations upon their release.  There are significant GIS data layers available to CrisisGrid for ERP and CIP applications through the Indiana Atlas and IndianaView efforts at Indiana University and Purdue University to integrate the state’s spatial data resources.  These data resources will expand as other local and state community information systems efforts are brought into partnership with the CERCII.

Standards for the exchange of geospatial data, including data encoding and security, are a key component of this pending DHS architecture.  GIS standards from the OpenGIS Consortium (OGC) provide both the standard description languages for modeling data, as well as standard service definitions for accessing and processing this data. 

OpenGIS Consortium Data and Information Models for CrisisGrid

OGC standard data models provide general purpose data representations that may be applied to a wide range of data sources, such as those listed in the next section.  Relevant OGC standard data models are listed in Table X
, along with an explanation of their relationship to the CrisisGrid.

Table X: GIS Data Grid Services 
	GIS Service
	Description
	Relationship to CrisisGrid Framework

	Web Feature Service (WFS)
	Supports the query and discovery of GML-described geographic features.  
	Features include incident locations, inundation areas, watershed boundaries, and demographic feature.

	Web Coverage Service (WCS)
	Supports the query and discovery of geographic information that conforms to a grid of digital geospatial information representing space-varying phenomena. 
	Coverages include digital elevation models, imagery, orthophotography, weather coverage, and any other space-varying flood-related phenomena.

	Web Map Service (WMS)
	Uses SLD portrayal to generate "pictures" of geo-referenced feature or coverage data.
	Portrays geographic information independent of the underlying data model (feature or coverage).

	Coverage Portrayal Service (CPS)
	Defines a standard interface for producing visual pictures from coverage data.
	Enables the CrisisGrid-related coverages to be visualized in a variety of clients.

	Web Terrain Service (WTS)
	Specifies advanced visualization including 3D terrains 
	Provides 3D views to support the needs of Emergency Response professionals.

	Catalog Service – Web Profile (CS-W)
	Provides a common meta-data based mechanism to classify, register, describe, search, maintain and access GIS information.
	CS-W will provide a means for cataloging the computer-based resources that are available within the CrisisGrid Framework. 

	Sensor Collection Service (SCS)
	Service to fetch observations from a sensor or group of sensors.
	Provides an interface that can be used to gather readings from all kinds of sensors. (such as stream gauges and weather related sensors)

	Sensor Planning Service (SPS)
	Service to assist in 'collection feasibility plans'.
	Invokes pre-determined collection plans that have been developed to be executed in the case of an emergency.

	Web Notification Service (WNS)
	Service to manage dialogue between a client and Web Service(s) for long duration asynchronous processes.
	Notifies interested parties that a particular sensor collection has been completed. 


The data models of Section 6.3 may be used to encode data in distributed archives and sensors.  We access this data through various Grid Web Services that are designed to interact with these data models.  The OGC defines a number of important general services for the data models which we summarize in Table 
X.   These GIS services will be integrated with sensor/data services, flood modeling applications and visualization services as described in the appropriate sections.

We emphasize that the table lists service specifications and definitions.  Not all services have been implemented or extended to the specific data structures that we will need for CrisisGrid systems.  In particular, our survey finds many implementations, but none are Web Service-based at this time.  This is to be expected, as new Web Service-based specifications are still being written; developing these will be a very timely activity for CERCII. By following the OGC service framework, we have the opportunity to maximally re-use services that we build across CrisisGrid systems.  This also allows us to share, purchase, or inherit service implementations from other sources.





A Grid approach to GIS is relatively unique in the US, while the University of Edinburgh, which has the most distinguished and advanced GIScience program in Britain, is beginning to explore this approach. Our proposed GIS Grid will provide US researchers an advanced means of exploring accessible location-sensing infrastructure, mobile environments, geospatial data models and algorithms, geospatial ontologies, geospatial data mining,  and geospatial interaction technologies.

6. 4 Core Component: Sensors and the Data Grid (Purdue-ITaP, Lead)
The GIS data models and related services discussed in the preceding section of course need to be applied to rich data sources.  As described in this section and enumerated in the facilities section, the Purdue ITaP team members provides world-class expertise in real time data access and modeling.  The following section describes various real time data sources that will be available to the CrisisGrid in its Flood Grid system, as well as other potential applications, such as severe weather modeling and wind-born contaminant modeling.  General information may be found at 
http://www.ofps.ucar.edu/gapp/networks/indiana/indiana.html
Rain Gauge and Related Sensor Data: Sensor data plays a crucial rule in providing reliable input for the flood prediction and verification. The distributed sensors include wired and wireless rainfall gages widely distributed in the area.  Water level prediction for several hours and days can be made based on sensor data, high-resolution satellite images, and flood history archive.  
Direct measurement of rainfall is made across the state of Indiana (and elsewhere in the U.S.) using various types of rain gauges.  Such measurements are necessary to constrain rainfall estimates based on remotely sensed data (like weather radar).  The rain gauges can be part of an automated observing system like the Automated Surface Observing System (ASOS) operated by the National Weather Service (NWS), Federal Aviation Administration (FAA), and Department of Defense, and the Automated Weather Observation System (AWOS), operated by the FAA and various state agencies.  ASOS and AWOS also measure atmospheric state variables of temperature, pressure, relative humidity, and wind (speed and direction).   The frequency of the observations ranges from 5-minute for ASOS to 20-minute for AWOS.   There are 12 ASOS and 17 AWOS stations in Indiana.  Manual weather observations are also collected at 5 stations.  ASOS data are readily available via ftp; much AWOS data are available only through dial-up modem.  

There are numerous other sources of rain gauge/atmospheric state data.  This includes the Purdue Automated Agricultural Weather Station Network (PAAWS), a network of 9 stations at each of Purdue University’s Agricultural Research Centers, and also numerous television station-sponsored networks.  For example, a 56-station network is operated by WISH-TV in Indianapolis.  Finally, the NOAA/NWS Cooperative Observer Program provides for 240 daily observations of precipitation in Indiana, as well as for 15-minute observations of precipitation at 77 sites.  These data are archived at NOAA/NCDC.

Wireless Water Gage Data: For the verification of the water runoff prediction, wireless water gages at critical positions, such as river junctions, measure the water level and flow speed as feedback to the flood-predicting module to refine the flood route, level, and duration. In addition, wireless visual sensors also will be set at important locations on riverbanks. In the field of view, the sensor focuses on linear CCD array intersecting with the river to accumulate a 2D spatial-temporal profile. In such a compact data profile, we can measure the temporal changes of river width and detect flood wood, ice block, and other floating objects that may cause serious damage in the low courses of rivers.
Image Processing:  In the flow of automatic data processing and flood prediction, most data from databases or distributed sensors are 2D spatial images or maps. These include LIDAR elevation, rainfall, soil moisture, satellite images, visual sensor input, etc. The data distribution must be filtered and transformed into a common space with consistent resolutions and terrain coverage to enhance the flood prediction. The data filtering, screening, interpolation, and visualization require a variety of advanced image processing technologies embedded in the processing pipeline. This project will achieve processing such as sampling a dense LIDAR map for multi-resolution flood prediction. From high-resolution satellite images, the floodplain will be extracted automatically for prediction of flood draining time. Sparse data sets from distributed rainfall gages will be interpolated to generate a smooth distribution for combination with satellite clouds map. The time sequence of runoff prediction will be overlaid with references maps and displayed on the Web, and wireless PDA according to users’ queries. These displays must be scalable for requested regions and resolutions and able to accept different input scenarios and assumptions. Image generation from predicted data and its fusion with terrain, roads, and other infrastructure maps will be integrated automatically.


Research Activities and Innovations:  The Purdue Sensor Grid team will work with the flood modeling and Grid developers to develop high performance data retrieval services to supply the high performance modeling codes with requested data.  As described in 6.6, preprocessing services for this data will be developed.
6. 5 Core Component: Visualization (Visualization and Interactive Spaces Lab, Lead)
Crisis workers carry out their activities in a variety of work environments, with different resources and different demands for visual exploration and analysis tools.  A command center might include a large-format high-resolution screen suitable for group viewing and analysis.  Horizontal display surfaces are also useful, similar to the traditional Army “sand table.”  Individual desktop machines are also available at command centers and at some field offices.  Laptops and/or handheld personal digital assistants (PDAs) are available in the field.  Effective visualization services must be tailored to operate adaptively across this range of display platforms.  The usability of the user interface also must be carefully considered and tested. 

The CrisisGrid visualization component will adopt a Web Services model to define, encapsulate, aggregate, and deliver visualization functionality.  The Visualization Grid will interoperate with other system grids, and adopt the CrisisGrid workflow model for service orchestration.  Of special interest will be techniques to compose the output of multiple services into a single fused information picture that is coherent and easily understood.  The visualization grid will address the following challenges: 

Service definition:  Visualization capabilities must be defined and encapsulated at useful levels of granularity, such that individual components can accomplish useful functionality, but are sufficiently fine-grained for re-use in multiple ways.

Service orchestration and composition: The output of multiple visualization services will be combined to generate products useful to the analyst or decision maker.  Techniques for orchestrating among various visualization services will be explored, along with ways to composite the outputs into a comprehensible image. 

Platform specific delivery:  The products of visualization services must be tailored for delivery to users on the appropriate display platform.  As described in Section XXX, our Service Oriented Architecture partially enables this approach, although interesting problems must be addressed in client rendering. Different client applications, all relying on the same service engines to provide data and information, must be tailored to a different type of display platform, such as a large-format display or the PercepTable or a PDA.

Research Activities and Innovations: Visualization work by CERCII for CrisisGrid is summarized in Table XX.
Table X: XXXXXXXXXXXX 
	Service
	Delivery Platform
	Notes

	2D image optimization for real-time panning and zooming of very large (80k x 80k) images
	
	Accepts large jpg files.  Produces pyramidal series of textures optimized for real-time display.

	Client for real-time panning and zooming of very large 2D images
	Desktop, with standard graphics card
	Accepts image textures produced above.  Provides interactive navigation capabilities.

	3D Terrain generation combining elevation data (DEM and/or LIDAR), and aerial photography
	Desktop
	Accepts DEM and/or LIDAR and aerial photography.

	3D Terrain fly-over movie generation 
	Desktop
	Accepts DEM and/or LIDAR, aerial photography, coordinates of points of interest.  Produces mpeg of fly-over with points-of-interest flight path

	Watershed status interactive fly-through client
	Control room desktop, with high-performance graphics card
	Accepts DEM/LIDAR, aerial photography, current readings from stream sensor and rain gauge grids.  Provides interactive fly-through, with support for global view or zooming in to local trouble spots.

	Flood prediction interactive fly-through client
	Control room desktop, with high-performance graphics card
	Accepts DEM/LIDAR, aerial photography, current readings from stream sensor and rain gauge grids, and output from L-THIA and SWAT simulation models, and info on critical infrastructure.  Provides interactive fly-through, with support for global view or zooming in to trouble spots and infrastructure under threat.

	Flood prediction fly-over movie
	Desktop
	Accepts DEM/LIDAR, aerial photography, current readings from stream sensor and rain gauge grids, and output from L-THIA and SWAT simulation models.  Produces mpeg fly-over, with flight path that highlights areas of predicted flooding.  

	Mobile watershed status client
	Wireless PDA
	Accepts map, current readings from stream sensor and rain gauge grids.  Provides data readings overlaid on small-window map.


As seen in the table, the visualization services depend on many of the services defined by the other grids in the CrisisGrid suite.  For example, many of the visualization services will rely on services from the GIS Grid, especially WFS, WCS, WMS, and CPS
.  Similarly, the visualization services will utilize output from the flood modeling simulations.  Hence, the visualization services will highlight performance issues embedded in other aspects of the CrisisGrid.  If the GIS services are too slow, or the simulations not optimized, these performance limitations will show up (literally) in the performance of the interactive visualizations.  In this way, the visualization services serve to challenge the other services providers to adopt high-performance models for their service architecture and to strive for optimized implementations.

The CrisisGrid team will initially focus on Grid-based data access, simulation, visualization, and collaboration, as described above.  We do not specifically address the field of Decision Science in the initial project, although it will figure prominently in the Center’s future.  The CrisisGrid team has excellent connections with leading researchers in this field: Fox collaborates with Los Alamos National Laboratory’s D Division.  As part of CERCII’s activities, we will actively pursue funding and research with Los Alamos partners.

6.6 Proof of Concept: Flood Grid (Purdue-CAAGIS, Lead)

 Flood modeling techniques will undergo major advances if they can be modified to incorporate the deluge of high quality archival and sensor data that has become available.  While the physical models are very mature, significant advances will result from the use of significantly better spatial data.  The Flood Grid application represents a challenging problem that will require the expertise of all team members: Purdue’s expertise in sensor grids and flood modeling, Polis’s expertise in GIS for data models and results analysis, VIS’s expertise in visualization for a range of end user devices, and CGL’s expertise in both Grid infrastructure and high performance/parallel computing.  We anticipate that the Flood Grid will allow advances in both flood research and operational usage.

Before examining flood modeling techniques, we first review the newly available archival and real-time data sources.  LIDAR elevation data is available for the greater Indianapolis metropolitan area, permitting very accurate representations of flood plains. Accurate routing of flows through these flood plain is needed to identify areas affected by the flood. Processing and making LIDAR data accessible through Web services will be an important early CERCII activity.  In addition to the archival LIDAR data, we must collect dynamic real time data on rainfall.. NEXRAD data can provide high resolution spatial and temporal rainfall that is critical for estimating the spatial variability of runoff from watersheds. Both LIDAR and NEXRAD data represent explosive increases in data quantity.  Already, we see available data sets that are approximately three orders of magnitudes better than data now used in operational flood modeling and the use of supercomputers or other high performance computing that permits the use of these data with flood models.  The availability of very high resolution elevation and other data sets have only become available in the past year or so and currently are primarily available in urban areas. The quality of the data will continue to improve as will the area of Indiana and the country for which these data are available. Furthermore, the computational capabilities required to utilize these high resolution spatial data for flood modeling have also only become available recently. 
Mature hydrologic models for flooding simulation have been developed based on well-defined fluid dynamics equations (Bates and Roo, 2000).  Among numerous flood models, MIKE 11 and HEC-RAS have proven successful in flood-related projects including floodplain estimation, flood routing and flood inundation prediction (Horritt and Bates, 2002). These and other flood models require precise localized 2-dimensional or 3-dimensional spatial information such as channel cross section characteristics and elevation to simulate flood routing. Providing precise spatial data is now regarded as the key to obtaining good results with flood modeling (Willems et al., 2003). Willems et al. (2003) conducted flood model simulation with various Earth observation techniques, including LIDAR, SAR (SAR – Synthetic Aperture Radar), and IKONOS. They concluded spatial data accuracy and rainfall input series are critical to implement successful flood prediction technologies.
With greatly increased spatial data, the current codes will be far too slow for predicting flooding in real time. Real time flood prediction must also overcome barriers associated with seamless data flow from remote sensors to the flood simulation. Since real time flood forecasting is a time critical mission, it naturally requires real time processes from simulation to visualization within short amounts of time. Moreover, multidimensional flood simulation using high resolution spatial information is computationally intensive and requires high-performance computing power. High performance computing and a Grid technology approach are needed to overcome these issues. Blending Grid computing, high resolution spatial data from advanced remotely sensed techniques, and high resolution spatial data through this project will result in precision decision supports for flood response and significant technical advances in hydrology.
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Figure XX.
Flood modeling conceptually consists of two stages:  runoff modeling, and flow modeling.  These stages provide an interesting coupling of both distributed and parallel computations.  
A combination of runoff models will be used to estimate runoff. The Long-term Hydrologic Impact Assessment (L-THIA) model will be adapted to run on the CrisisGrid to provide runoff information to the flood routing model. The Soil and Water Assessment Technology (SWAT) model will also be adapted to run on the CrisisGrid. Runoff will be estimated using a distributed parameter modeling approach rather than the “lumped” approach commonly used in current flood level estimation. While a distributed parameter approach is significantly more complex from a computational standpoint, it offers the potential for a much better estimate of runoff than a lumped estimation approach.  A distributed parameter approach subdivides a watershed and uses data for the subdivided areas to estimate runoff. Some runoff models divide a watershed into small grid cells while others subdivide a watershed into subwatersheds. The use of detailed distributed parameter models in the manner proposed is only recently feasible due to the advances in availability of detailed spatial or GIS data and computational capabilities.

Rainfall data required by the watershed runoff models will be obtained from real-time Doppler radar estimates of rainfall.  Data from rain gage networks that are accessible from the Internet-based databases will be used to calibrate the Doppler rainfall estimates.  The flood routing model will use standard flood routing equations such as those found in the US Army Corps of Engineers HEC family of models. The models/equations used for computing the volume and depths of flow in channels/rivers are well established. Therefore, the opportunity to improve flood level estimates lies in the use of improved runoff estimates described previously and improved data describing floodplains and water levels.

The watershed runoff models will provide the temporal and spatial runoff data required by the flood routing model. The channel/river cross section data will be acquired from the US Geological Survey and the Indiana Geological Survey. Detailed flood plain data (elevation and vegetation) will be acquired from state and local GIS databases. A more detailed channel and flood plain network will be used than is typically used by the USGS to estimate flood levels. Again, this is possible due to the recently available, more detailed spatial data and the computational resources provided by the CrisisGrid. This data is required to route the runoff water through the channel or river system and to estimate the water levels (e.g., flooding) at various locations along the channel network. 

Real-time observed flow depth data at USGS gauge locations will be used to calibrate the flow routing model to match observed water depths, improve estimates of the extent of flooding and improve flood depth forecasts. One of the current limitations of the USGS flood prediction approach is the limited amount of observed flow depth data.  Rather than supplement the existing USGS gauges with additional gauges, a daily or twice daily satellite acquired radar data set will be used to estimate elevations for the entire Upper White River Watershed. The processing of the radar data to obtain a detailed elevation surface for an area the size of the Upper White will require the computational capabilities of the CrisisGrid. The detailed elevation data will identify the depths of water throughout the entire watershed. This data will be used to adjust the water level (flooding) estimates provided by the flood routing model.

Key deliverables will be software (largely middleware) that facilitates data flows from data archives and real time sensor networks to various applications with emphasis on the GIS tools and flood models developed in this project.  The specific items that will be developed include:

· Software to retrieve and process rain gauge and related sensor data.  The data will be processed to facilitate its visualization and its use in the flood models.  This middleware will have other potential uses as well.

· Wireless water gauges will be developed based on visual sensors to capture flood height and extent for fixed locations. These data will be used in the flood model calibration and visualization processes. These visual gauges may also be viable commercial product.

· Various image processing software will be developed to process data to create the data and information required by the flood models and the flood visualization software.  Some of the software may have potential commercial uses beyond this project.

The Indiana flood events of 2003 provide a unique opportunity to validate the flood models. In early September of 2003 much of central Indiana experienced x inches of rainfall, with the majority of this occuring on one day. The extent of flooding that occured in Marion and Hamilton Counties was well documented and will serve as a validation opportunity for the flood models. Rainfall data can be obtained for multiple rain gages in the White River watershed and archived NEXRAD rainfall data can also be used. Marion and Hamilton counties have recently obtained high spatial and vertical resolution elevation data sets using LIDAR. These data will be used to characterize the flood plain geometry that will be required in the flood routing portion of the model. The observed water level information from USGS at their gaging stations and from the Indiana Department of Natural Resources will be used to validate the predictions of the flood model.

6.7 Commercialization and Relationship to Broader Intellectual and Commercial Community
Intellectual Community

The staggering volume of data that has become available through advances in sensor and information technology makes a new type of science possible—and necessary.  Scientists need to re-work existing models and techniques to take advantage of these volumes of new data.  In turn, IT researchers need to make this data useful and compatible with existing models and analysis techniques.  We anticipate that the center’s activities will promote and support this new direction for science.  

The resources and technologies developed by the center during its first two years will have implications for multiple, complementary research communities, such as those addressing modeling/simulation, sensor technology, geospatial semantics, human interaction with geospatial information, and decision support.  This will lead to  significant opportunities for the center to interface with R&D groups in other disciplinary areas of relevance to critical information management for the joint pursuit of federal and private research dollars.  The center will provide a specialized test bed and Grid of Grids that will be useful for the geospatial information research outlined in the 2003 National Academy of Sciences “IT Roadmap to a Geospatial Future”[nas2003], including policy issues related to the use of geospatial information, accessible location-sensing infrastructure, mobile environments, geospatial data models and algorithms, geospatial ontologies, geospatial data mining, and geospatial interaction technologies.

Commercial Potential

We anticipate that the output of the center’s activities will promote the development  of a new breed of emergency response and critical infrastructure protection IT products.  The market for commercialization of the center’s technology is largely governmental agencies, including federal, state, and local planners, emergency response personnel, and federal legislators, but it will also involve large corporate concerns interested in disaster management in their distributed facilities.  As well, CrisisGrid will  support the development of new tools and technologies for utilities (facility managers), universities (technical experts), government laboratories (technical exports), and nonprofits (such as the Red Cross.)  Examples of commercial products that will be facilitated through the development of CrisisGrid include maps showing how hazards and risks vary in space and time, estimates of probability of occurrence of hazardous events, estimates and examples of potential effects, especially for structures, and real-time display of what is happening during the course of an emergency.  An example of an existing federal tool for disaster mitigation planning is HAZUS.  One FEMA study (HAZUS Market Characterization Study, July, 2002) estimated the potential market of HAZUS users in 2000 was approximately 70,000, with the likely number of users to range from 7,000 (10 % of total) to 17,000 (25 % of total).   

Emergency and environmental modeling specialists, such as those that perform environmental assessments, mitigation planning, disaster plans, and risk analysis, ultimately will be able to provide their services as Grid-enabled Web Services, that will allow them to sell their expertise to a much broader audience.  Indiana’s universities have experts in this wide range of analysis areas.  In addition to providing business opportunities for these specialists, CrisisGrid will provide responders/decisions-makers access to expert services that have not typically been directly available to them, particularly during emergencies.  Responders and decisions makers will no longer have to ask their staff to become experts in modeling software but rather will be able to send data to expert services through CrisisGrid.  This will create the need for new companies to evaluate such expert Web Services, such as the EPA sponsored environmental technology verification program in Ohio.  

Potential commercial spin-offs include the development of training facilities for technology transfer related to the development of future CrisisGrid-enabled systems.  We anticipate awarding on a competitive basis the opportunity to develop training facilities local entities (competitors for offering this service may include both continuing education divisions of local higher education institutions as well as companies engaged in high tech training activities).  Competitors will be encouraged to include distance learning as part of their proposed training packages.

Commercialization Process

Members of the information technology industry will be engaged as members of the center’s advisory board to assist in the identification of opportunities for commercialization that develop out of the center’s R&D activities.  OGC will further assist the center in engaging the national high-tech IT industry, including companies such as IBM, Oracle, AutoDesk, and ESRI.  The progress and outputs of the center’s R&D activities will be presented to the advisory board at each meeting, the associated market potential discussed, and recommendations sought on the appropriate steps toward commercialization.  When commercial opportunities are identified, the center will work, with the further assistance of board members, with the Advanced Research & Technology Institute (ARTI) in Indianapolis, The Bloomington Technology Incubator (BTI),  and the Purdue Office of Technology Commercialization (OTC) in West Lafayette to engage the Indiana high-tech commercial sector and develop the necessary business plans.  The center will also collaborate with Discovery Park at Purdue University and the Rose-Hulman Institute of Technology Center for an Innovation Economy.  The open source code developed by the center will be made available to Indiana companies for their development of value-added Grid-enabled applications.  These code will be made available to companies outside of Indiana at a cost, to provide a source of revenue to the center.  The center will also provide consulting services to other states on how to set up a Grid of Grids.

6.9 Plan of Work

Tasks, milestones, and assigned leads for the 2-year center start-up period are depicted in Figure X.  The R&D tasks were discussed in the previous sections.  The other tasks are discussed below.
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Figure X: 2-Year CERCII Work Plan

Outreach
The Global Disaster Information Network (GDIN) Task Force stated that a fundamental problem in dealing with disasters is that they do not respect boundaries—organizational, political, geographic, professional, topical, or sociological ([dtif97]DITF, 1997).  To help understand the complexity caused by the need to disseminate information to varying stakeholders involved in an emergency/disaster at hand,  the center will solicit input from and create interaction between the users and providers of ERP and CIP information.  Multiple user communities will be tapped for involvement in R&D requirements development as well as product usability testing (see Table X in Section 3 – “Participants”.)  These communities include state and local first responders (e.g., sheriff, police, and fire), emergency planning and mitigation agencies (e.g., SEMA), and researchers concerned with access and use of information for ERP, CIP, and hazards modeling.  The local GIS community will be tapped through the IU GIScience coordination group, the Indiana Geographic Information Systems Initiative (INGISI), the Indiana Geographic Information Council (IGIC), and the Indianapolis Mapping and Geographic Infrastructure System (IMAGIS) consortium, all of which Polis is affiliated.  We will engage standards organizations, such as the Open GIS Consortium (OGC) and the Global Grid Forum (GGF), in the use of center resources as a testbed for data, technology, and  application standards.  Through these outreach activities, we will also continue to scan the environment for new needs and potential applications of interest that the center should consider pursuing.

The state's institutions of higher learning will be invited annually to respond to Requests for  Proposals for research projects related to the center’s mission and activities.   It is anticipated that $45,000 will be awarded annually.  State institutions such as Butler, Purdue-Calumet, and the Rivers Institute at Hanover College are already committed to participating in the center’s activities.   Martin University, which has a strategic partnership with Purdue, will be used as a “urban inner city community testbed,” for testing practical implementations of the flood model.  Furthermore, through the CERCII Visitor Program, experts from around the country will be invited to participate as center and project advisors.  Each year, one of the quarterly advisory board meetings will be held at a major national conference of relevance to CERCII.

Research findings will be submitted to peer-review journals and presented at academic and trade conferences.  A CERCII website will be developed to communicate the center’s mission, goals, and objectives to the state and beyond and to provide access to resources developed out of CERCII projects that are appropriate for public consumption.   Technical and academic papers written out of center projects will be posted on this web site, as well as a schedule of center activities, a list of projects and key milestones.  Technical transfer workshops will be held to communicate R&D outcomes that have a potential for commercialization to the high-tech IT community.  

Bi-annual seminars and workshops will be developed and conducted to educate both academic and commercial entities on the infrastructure and test bed that has been created for their R&D.  While not planned for the initial two years, we contemplate convening an annual conference to promote knowledge transfer and the development of new opportunities.  The audience will be the communities that are interested in building and/or applying  Grid-based ERP and CIP technology and tools.

Organizational Structure

To achieve its objectives, the center will be administered by a central management staff at Polis that will be responsible for partner coordination, institutional relationship development, policy development, project management, commercialization outreach, and strategic resource acquisition and coordination.  For the proof-of-concept, we propose a strong project team with expertise in computer science, Grid technologies, geospatial technologies, visualization, sensors,  GIS applications, and flood modeling.  
The Polis Center -IUPUI (Polis) has expertise in GIS and an understanding of how to help organizations apply IT in ways that facilitate successful interaction.  Polis has extensive experience in the management of large, GIS-based community information projects including but not limited to the Wayne County Internet Development, the SAVI Community Information Systems project funded by the U.S. Department of Commerce and a consortium of Indiana funders, and the National Outreach Mapping Center for the National Library of Medicine.  Polis will serve as a broker for the different CERCII teams/experts.

The Community Grids Lab - IUB (CGL) has developed the Gateway, QuakeSim/SERVO, and Online Knowledge Center projects that respectively support secure access to traditional high performance computing resources, Web Service-based access to distributed data and simulation codes for earthquake modeling and prediction, and distributed web site content and XML metadata management and delivery.  Lab director Geoffrey Fox’s research work also includes parallel computing and  collaboration environments.  He is particularly interested in the application of collaborative technologies to command and control and crisis management: his TangoInteractive system in 1997 was one of the earliest sophisticated web-based systems aimed at this problem.  Fox was a member of National Research Council committee on crisis management whose report was published as Computing and Communications in the Extreme: Research for Crisis Management and Other Applications in 1996.  He serves on the advisory boards of both the UK e-Science project and the Open Middleware Infrastructure Institute (OMII).  He edited the recent book, “Grid Computing: Making the Global Infrastructure A Reality” with Fran Berman and Tony Hey.
 
The Visualization and Interactive Spaces Lab - IUPUI (VIS)  supports various tasks and decision-making scenarios through different kinds of display stations and user interfaces.  For the PercepTable, mentioned earlier in the proposal, custom software (MUTT) was developed to enable users to interact with the geospatial information using simple handheld tools that can be moved around on the map surface.  The team also develops applications to support interaction with multi-layered geospatial information, and to allow interactive panning and zooming with very large images (GeoMapper). 

The Purdue Terrestrial Observatory (PTO) has extensive experience in prototype activities, including with the Network for Computational Nanotechnology (NCN) and its Fortress Intelligent Archiving capacity.  It has experience in deploying PUNCH middleware, archiving satellite imagery derived from its Laboratory for Applications of Remote Sensing (LARS), and with real-time data streaming through its’ scheduled ingestion of many data sources (see Table X).  

The Center for Advanced Applications of GIS- PU (CAAGIS) has significant experience in flood and watershed modeling and a wide array of collaborators from the Envision Center for Data Perceptualization, Department of Earth & Atmospheric Sciences, Department of Agronomy, and the Schools of Engineering.  

The Open GIS Consortium (OGC) promotes the development of products and services that conform to OGC open interface specifications enable users to freely exchange, integrate, and apply spatial information, applications, and services across networks, different platforms, and products 

The center will be a joint entity created under an MOU between Indiana University and Purdue University.  Oversight will be through a ten to fifteen member advisory board.  Board membership will be drawn from individuals who have deep knowledge of critical infrastructure and emergency information and management and its cognate fields, including commercial entities that serve the field.
  The board will also include experts in the commercialization of research products, including a representative from the IU and PU units responsible for technology transfer.  During its initial 2-year funding, the center will be housed at The Polis Center at IUPUI, which will assume responsibility for its administration.  During the second year of the project, the center’s board will assess the center’s future leadership/administration needs.  
The administrative team at Polis will be responsible for establishing mission, goals, and policies to govern the center, subject to review of the advisory board and approval of IU and Purdue.  It will approve all administrative and staff appointments, and authorizing contracts under the established procedures of IU and PU.  This team also will be responsible for the day-to-day center activities and will serve as staff liaison to the board.   This team will support the work of the research teams and will be responsible for assignment of center support staff.  Other responsibilities include financial administration of all grants and contracts, coordination and monitoring of the work of the research teams, and working with the advisory board to develop an appropriate strategy and projects.  The administration team will also support the development of a communications plan, annual and quarterly resource plans, and risk and mitigation strategies as well as the ongoing definition of the specification, development, and integration tasks necessary to realize project objectives.

At the beginning of the first year of the project, the administration team will work with center partners to develop a more detailed collaborative project work plan for the coordination of the individual but interdependent areas of R&D.  This work plan, to be reviewed and revised as needed on a quarterly basis, will include research and work tasks, milestones and deliverables, and work flow process.  Project coordination teleconferences will be held monthly, to report progress, identify any hurdles or barriers, and generate actions for follow-up.  The administrative team will work with research leads to develop and present quarterly status reports to the advisory board.  Any problems related to a center/project partner failing to perform that the administrative team cannot resolve with that partner will be brought to the advisory board for their advice and recommendation actions.  A project web portal and listserv will also be developed to facilitate project communication.  

Evaluation

The conceptualization of CERCII is ambitious and complex and requires collaboration between disparate communities and disciplines.  Testing CERCII’s vision with its constituents will be an early step in the planning process.  Planning documents developed during the initial quarter of the project, will include:

· A communication plan for collaboration of identified partners and other key institutions and local commercial entities to ensure that advisory committee members, stakeholders, and all interested parties have access to information about center progress.

· A 2-year strategic and business plan for center development, including goals and objectives, products and services, dissemination, and marketing

· A 2-year strategic research plan 

· A 2-year proof-of-concept Flood CrisisGrid R&D plan 

The advisory board will review and approve the center’s plans and evaluate and provide feedback on progress toward planned milestones/goals based on reports provided at quarterly meetings.  The user community will be involved in the review of all developed requirements documentations, and will also be engaged in usability testing of all products.  At the end of the 2-year period, we will engage both the advisory board and the user community in an evaluation of center’s completion of milestones.  This will be used by the administrative team to revise long-term strategic plan for center.  Key benchmarks for measuring success will be:

· Number and size of successful R&D proposals and grants from federal, public, and private sources;

· Involvement of more university faculty from a wider variety of disciplines in interdisciplinary R&D on ERP and CIP informatics research and  greater involvement of the local IT community;

· An increase in the amount of extramural funding for ERP and CIP research conducted in collaboration with personnel and resources affiliated with the center;

· An increase in the dissemination of research, as demonstrated by publications in peer-reviewed journals and changes in ERP and CIP practices; and

· Evidence of increased collaboration and partnership with the ERP and CIP community.

6.10 Supporting Institutional Infrastructure
The center has sufficient space and equipment for its first two years and does not anticipate an intermediate need to construct a dedicated  facility.  We intend to work in a distributed fashion, with each R&D team headquartered at the team leader’s institution.  Each team has identified its space; equipment, and infrastructure costs  in the budget as cost-share except as specifically noted otherwise.

Faculty will be affiliated with CERCII through the research teams.  As research teams identify the need for other expertise, they will propose a plan to add personnel, to include a means to recover the costs.  We have set aside funds to support visiting research staff positions.  This will enable us to conduct supplemental research in areas outside of our core expertise, as well as evaluate potential new permanent team members. CERCII will negotiate with the appropriate department for proportionate release of faculty time, to be funded either by budget reallocation or new grants/contracts.  New full-time members of a research team must be funded by new grants/contracts or by new university investment.  In such cases, we will conduct a competitive national search for qualified candidates.  The administrative team will conduct periodic assessments of the center's staffing requirements and will work with each team on a staffing plan for review annually by the advisory board.  Evaluation of each team will be part of this annual review, although the evaluation of individual team members will be the responsibility of each team according to the policies and procedures of the various campuses.
  

Supporting institutional infrastructure that will be used for the proposed center include physical infrastructure, specifically the IU Pervasive Technologies Laboratories, Indiana’s Optical Fiber Initiative (I-Light), the Indiana University/Purdue University TeraGrid (IPGrid),  the IU Abilene Network, the IU Mass Storage, and the IU Supercomputing. Institutional data infrastructure to be used include Purdue’s IndianaView, IUB’s GIS Atlas for Indiana, IUPUI’s Indiana Water Atlas, IUPUI’s Indiana Map Data Clearinghouse, and IUPUI’s other community information systems and data gathering efforts, such as those of the Social Assets and Vulnerability Indicators (SAVI) program.  Operational infrastructure will be provided in the form of office space, lab space, administrative support, hardware, and software.  A 1-page description of facilities has been added for each participating entity (described in further detail in Section 8: Facilities).

6.11 Funding Strategy
CERCII will be funded by research grants and contracts initially, as well as training and consulting income, and ultimately by the commercialization of its products.  For the first two years, it also will receive support for equipment and other infrastructure elements from IU and PU and from industry.  Each partner also brings a strong background in securing external funding.   We demonstrate in this proposal an ability to leverage resources and will continue to do so for the proposed center.  Polis brings a rich set of community and industry relationships, as does OGC, that we can use to keep the center grounded in an user requirements-focused application development framework.  This means that we have relationships that allow us to test quickly and easily the applicability of our solutions to real world needs.  The more tied our work is to these needs, the greater the chance for commercial success because we are linked to user communities (markets).

21st Century Research and Technology Fund support is essential for bringing the wide array of resources that have been developed for different purposes and stakeholders together in a context that allows  maximum leveraging for ERP and CIP R&D.  The requested funds for CERCII development will allow us to pull the faculty, commercial partners, and currently disparate set of university resources together to facilitate the development of a strong public/private R&D community.  This significantly increases the ability of Indiana universities to effectively compete for federal and private R&D funds in ERP, CIP, and other information critical areas.  The center will continue as a self-supported and growing base for development of well-funded crisis management software for specific customers, and as partners in commercialization of high-end software tools aimed at this market. 


7. Biographical Sketches 

A biographical sketch is attached for all key participants.

8. Description of Facilities

Community Grids Lab

Indiana University is the home for the Abilene network operations center. Abilene is an Internet2 backbone network for research and education developed by the University Corporation for Advanced Internet Development (UCAID – http://www.ucaid.edu/abilene).  Abilene is designed to support the Internet2 project by providing an interconnect backbone which connects Internet2 gigaPoPs and universities at high speed  OC-48 Sonet  with 10 Gbps Dense Wave Length Division Multiplexing (DWDM), with advanced Internet2 functionality including multicast with low latency and high reliability.  Abilene peers with other high-performance research and education networks around the world
Indiana University also hosts a scalable, network accessible, open, standards-based massive storage infrastructure to support teaching, research and administrative computing.  This infrastructure is based on a High Performance Storage System (HPSS) to store vast amounts of archival or near line data on a hierarchy of storage media.  It uses a Common File System (CFS) for data storage and a global file system for remote access and data sharing based on the Andrew File System (AFS).  (Distributed storage@iu http://storage.iu.edu)

Indiana University has acquired an IBM Teraflop SP System to expand the computing capacity to support researchers in areas such as life science, history/archeology, geology, geography, astronomy and computational physics.  This system will have a total theoretical peak compute capacity of 1.005 TeraFLOPS, total memory capacity of 452 gigabytes, and a total disk capacity of 5.3 terabytes. The currently installed ten SP frames hold a total of 616 processors within 143 SP nodes. These nodes are interconnected via two low-latency high-speed (150 megabytes/second) networks using crossbar switch technology.

Indiana University’s Community Grids Laboratory maintains a heterogeneous network computing environment consisting of Windows (2000 and XP), Linux, Sun Solaris workstations and servers, including 35 Pentium 4-based desktop class machines, 11 Linux/Solaris  (dual-CPU) server class, and two 8-CPU 16 GB Sun v880 server class machines to support the lab’s development and research efforts. All full-time researchers have Pentium-3-based laptops.  The laboratory’s network consists of server, workstation, and mobile connectivity provided by 100Mbit/second Ethernet, and 11Mbit/second 802.11b wireless connections respectively, connected in turn to Indiana University’s network backbone via a 1000Mbit/s fiber optic link, and from there to the Internet2 Abilene network and the commodity internet via multiple OC3 links.

Other computing resources available within the lab include networked high-speed duplex laser printers, CD-R recording, video conferencing tools including two Access Grid Systems along with 5 Polycom ViaVideo systems and secure central data storage. Other services (e-mail, massive near-line data storage, production backup services, dialup, and remote VPN services etc) are provided by the university and University Information Technology Services. Community Grids Laboratory works closely with IU’s information technology services (UITS) and IU Computer Science department developing and testing new technologies.  

The Community Grids Laboratory is composed of six full-time researchers and developers and 30 part-time graduate students. Administrative support is provided by the Pervasive Technology Labs staff and UITS. The lab occupies one 2400 and one 1200 square feet suites in the Indiana University Research Park in downtown Bloomington.

The Polis Center

Polis has extensive project management expertise and has successfully managed numerous, large GIS projects involving multiple agencies and significant budgets.  Our highly skilled team provides management resources for GIS strategic planning, community needs assessment, system and application design, implementation planning, data development and conversion, analysis, and custom application development.  The administration teams will apply well-defined operational procedures to support the efficient execution and on-time completion of center tasks and projects.  

Polis also is actively involved in the development of GIS-based community information systems and has multiple, large scale projects focused on making these systems accessible to the community-at-large.  Working with partner units at Indiana University including the Indiana Geological Survey, Polis is developing an Indiana Atlas that uses existing GIS and Internet technology to integrate distributed spatial data resources being developed and hosted by multiple local and state agencies in all 92 counties.   See table below for list of spatial data categories included in Indiana Atlas resources.

Polis also has developed the Indiana Water Quality Atlas (IWQA), a collaborative project to create a web-based interactive atlas of water quality related data and information. IWQA provides access to data and helps eliminate “information silos”.  Currently the IWQA serves data from the Indiana Geological Survey (IGS) GIS Atlas of Indiana.  The application will eventually serve data directly from the Indiana Department of Environmental Management (IDEM) servers, including the Assessment Branch, Office of Water Quality Indiana Department of Environmental Management, which maintains the Assessment Information Management System (AIMS).

In its 10,000 square feet of facility, The Polis Center has two conference rooms which seat 50 and 10 respectively.  These will be used for project management, research team, and community meetings.  Research team meetings will also be held on the IU Bloomington campus at the IU Pervasive Laboratories Community Grid Lab.  Research team members will have access to high caliber workstations for project work, as appropriate.  A high resolution color printer housed at Polis will be used for developing presentation and publication materials.  Finally, Polis has administrative staff that will support the planning, scheduling, mailing, reproduction, and other clerical needs of this project.  

Table 7: Relevant Spatial Data Resources Available through Indiana Atlas effort
	Reference: County, Section, State, Township, Census Tract, Block Group, and Quadrangle Boundaries. Populated Places, CATS Bus Routes, IndyGo Bus Routes, Community Center Service Areas, Community Development Corporation Service Areas, City Limits, Street Centerlines, Interstates, IPD Beats, Public Library Districts, Marion County Sheriff Beats, Registered Community Organizations, Reservoir, School Corporations, UDAP Neighborhoods, and ZIP Codes.

	Infrastructure/Demographics : Airports, Airfields, Cemeteries, Churches, Emergency Facilities, Hospitals, Interstates, Pipelines, Places, Power Facilities, Power lines, Amtrak Stations, Recreational Facilities, Roads, Runways, Schools, Traffic Zones, Trails, Buildings, Bridges, Addresses, Right Of Ways, Property Parcels and Lines, Subdivisions, Easements, Ortho- and Aerial Photography, Zoning, Land Use, Fire Hydrants, Recreation Areas, Tree Cover, Sanitary Sewer Lines and Manholes, Storm Sewer Lines, Fiber Optic Lines, Indianapolis Water Lines and Hydrants, Restaurants, Power Lines, Voting Precincts, Before or After School Program Agencies, Banks, Community Centers, Daycares, Fire Departments, Home Day Cares, Libraries, Medical Clinics, Outpatient Facilities, Pharmacies, Police Departments, Police Facilities, United Way Agencies, and Women/Infants/ Children Clinics.

	Environment/Biology : Leaking Underground Storage Tanks, Superfund Sites, and Underground Storage Tanks, digital elevation models, contours 

	Hydrology : Aquifers, Floodplains, Floodplain Boundaries, Hydrologic Terrains and Settings, Sinkhole Areas & Sinking Stream Basins, Springs, Shores, Streams, Swamps, Public Water-supply Wells, Water Wells, Watershed Basin, Watershed Sub-Basins, Watershed Region, Watershed Sub-Regions, IDEM Sampling Site, Impaired Streams, National Pollution Discharge Elimination Systems, and the National Hydrography Dataset (River Reaches and Streams).

	Geology : Soil, Bedrock Geology, Epicenters, Liquefaction Features, Gas and Oil Fields and Wells, Clay and Sand Thickness, Active Industrial Mineral Sites, Sand and Gravel Resources, Abandoned Sand and Gravel Pits, Abandoned Quarries, Natural Features, Seismic Data, Shrink-Swell Characteristics, Structural Features, Quaternary Geology.


Center for Advanced Applications of GIS at Purdue (CAAGIS)

(Need intro and reduction of text)

Table 8: Purdue EAS data or modeling resource

	Asset
	Relationship to CrisisGrid 

	Surface Hydrology modeling and data network
	Past work included using RS to assist the City of Indianapolis with land use mapping tied to hydrologic modeling.  This well-validated surface hydrology and flood modeling system can be extended to a Grid-enabled framework and used nationally.  The tools are flexible enough to be run in real time mode or in stand-alone assessment mode. Applications included research but more crucially, meeting the planning and preparedness needs of decision makers.

	Atmospheric Vapor Monitoring Network
	Given very dense network of GPS sensors  in place in US, GPS-derived water vapor measurements, if distributed and interfaced with modeling and assessment modules through grid system services, have potential to provide critical information for forecasting and emergency preparedness and response. Working on techniques to make mobile deployments of the Purdue EAS Geodesy Lab GPS receivers for targeted observations of water vapor in threatening storm systems. Could be interfaced using wireless technology to real time assimilation systems for rapid response and improved resolution in quantitative precipitation forecasting.

	Airborne flux, productivity, and land cover monitoring
	Supports assessments of impact of flooding on gross primary productivity and land cover, which could be compared with the MODIS output of the same quantity, but on poorer resolution than what the aircraft can do.   Provides higher resolution.  A movable platform for performing spectral radiometry and flux measurements - can be tasked to provide complement satellite based measurements.

	Nationwide RADAR Wind and Precipitation in Real Time
	NEXRAD.  After processing will provide a clear picture of wind fields and precipitation amounts and thus continuous, real time, and spatially extensive coverage of two most important variables for predicting and measuring flooding over wide areas. Also crucial for other CrisisGrid applications (e.g. pollutant or toxic plume dispersion prediction).

	Climate and weather modeling
	Purdue research teams can assemble a suite of models range from global to regional in scope to investigate interactions between weather events and flooding as well as its and biogeochemical and ecological responses.


Information Technology at Purdue (ItaP)

Through the Indiana-supported I-Light, expanded both by I-Light II and by the NSF-Supported Extended Teragrid Facility (ETF), CERCII will enjoy high band width connectivity, facilitating collaborative research, distance learning and the potential of sharing resources that are deployed at any one of the partnering campuses, such as those of the Purdue Terrestrial Observatory (PTO). PTO comprises a multiple satellite real-time remote sensing receiving station that will ingest, analyze, intelligently archive, and distribute panchromatic, radar, multispectral and hyperspectral earth observing data, at various spatial and temporal scales, in a high performance computing, high bandwidth environment (Table XX).  Thirty-five faculty investigators, representing twenty academic Departments within six Schools at Purdue University, are affiliated with the PTO in support of multidisciplinary research, instruction and community outreach missions.
Table 9: PTO Remote Sensing Data - Phase I Sensors Available in Real-Time

	Data Source
	Characteristics
	Data Processing
	Data Applications

	MODIS

Terra

Aqua
	36 Spectral Bands

Normalized Moderate Resolution Imaging Spectrometer.

Morning, North to South.  Afternoon, South to North.  250m-Bands 1-2

500m-Bands 3-7

1km-Bands 8-36
	Leaf Area Index, Normalized Difference Vegetation Index, Modified Soil Adjusted Veg. Index
	Precision Agriculture, Natural Resource Management, Coastal Morphology, Carbon Sink Estimation, Disaster Assessment.

	AVHRR HRPT

GAC

LAC
	“Advanced Very High Resolution Radiometer”

Polar Orbiting, 

4km resolution, 5 bands visible & NIR

1km resolution, 5 bands visible & NIR
	Rectification, NDVI, MSAVI, 10 day cloud free-masking. 

Overlay on DEM for 3D terrain
	Large scale vegetation monitoring (AG, Forests, rangeland), desertification.

	GOES
	Geospatial Meterological-24 hrs/day, 7 days/week.
	Integration with animation for cloud movement
	Meteorology, climatology, flood warning.


The PTO’s emerging Center for Geoinformatics Research will extend access to remotely sensed data from I-Light and ETF partnering institutions by facilitating grid enabled software for dissemination and analysis of satellite data, spatial data mining, archival and in situ data fusion, terrain data visualization, and development of decision support systems.  In support of CrisisGrid, the PTO will add real-time ingestion of Radarsat I, crucial because of its ability to penetrate cloud cover, and software for interferometry.  Purdue is leading the establishment of IndianaView as part of the AmericaView program initiated by the Department of the Interior (DOI) United States Geological Survey (USGS), to enable member states to assemble and access archives of satellite imagery. The acquisition of archival satellite imagery for Indiana, supported in part by this 21st Century project, will allow the development of accurate predictive models and form the basis for detecting landscape changes from the earliest available satellite data (i.e. 1960-72 data from the Eisenhower-era military spy satellites CORNOA, LANYARD and ARGON, declassified by President William Clinton in 1995) to contemporary real-time Satellite data, collected by the PTO. The IP-Grid, through a combination of NSF funding for network infrastructure, cost-sharing by the institutions and the State of Indiana, and leveraging of existing projects, will create a prototype of that vision. The IP-grid links the three primary campuses of Indiana and Purdue Universities into a single computing environment providing ubiquitous, national access to shared data sets, specialized facilities and instruments, and computational hardware and storage. As a microcosm of a national campus grid, IP-grid is an ideal venue for experiments that explore the formation and behavior of distributed research groups, with the benefits of smaller scale and single locus of control. PTO includes Purdue’s Laboratory for Applications of Remote Sensing (LARS), a former recipient of the William T. Pecora Award for outstanding contributions toward understanding the Earth, through Remote Sensing.  The Research Computing and Instructional Computing (RCIC) High Performance Classroom (HPC) will be used for CrisisGrid for proof-of-concept testing  .  

Visualization and Interactive Spaces Lab

The Visualization and Interactive Spaces Lab, one of the Pervasive Technology Labs at Indiana University, is housed adjacent to the IUPUI campus, and very close to the Polis Center.  The Lab is comprised of about 5000 square feet, including offices for the 6 FTE’s, shared space for students, and a large open gallery used for development and experimentation with various display and user interaction configurations.  The gallery houses a large-format display with an 8’ x 6’ screen.  This display can be operated as an immersive 3D display device, using passive stereo to achieve a fully 3D experience.  Also included is the PercepTable, our top-down projection unit in which geographic displays are projected to a horizontal table.  The Lab is served by an external 1 GBit network and wireless capability, and includes a variety of high-end graphics workstations, printers, and video teleconferencing capabilities.  The Lab is scheduled to move to the new campus Informatics and Computing Technology Complex building on West St. in 2004.  
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�I accepted all changes and deleted all the old comments.  All comments here are new –Marlon


�Geoffrey pointed out that “critical information” technology looks incorrect.  I changed to “critical infrastructure information technology”.


�Geoffrey recommends blunt statement describing impact on participants.


�This section is too verbose. We have to grab people in this section: it will be one of the 3 they will read.





I think we just assert things like “disaster management does not effectively use information [REF]”.


�I thought the emergency/disaster definitions were unnecessary.


�I think this can be made punchier by moving the commission report to a reference.





�Make this a reference and delete the text.


�This section needs to be made more concrete with pointers to 6.2-6.6.  Can’t describe anything here, just have to say where it is described.


�Point to commercialization plan here, make a reference, or otherwise establish the connection.


�Please confirm these additions.


�Where is this described?  Give a pointer.


�Did we get names for IBM and Michael Baker?  If not, need to delete.


�Should Bernie/CAAGIS be listed here?  It looks wrong.


�Do we have a reference?


�This is Table X under “OpenGIS Consortium Data and …”


�This is the table above


�This is the table immediately above


�Deleted paragraph was redundant and a bit weak/dangerous.


�Do we have a reference?


�If we can’t make this paragraph stronger, we may want to cut it. --Marlon


�Need to refer to table in section 6.3.


�This section needs to be reread for cohesion.  I pasted in several sections.


�Redundant paragraph


�This figure MUST be readable or we will get killed.  


�I’m not sure if this should be personalized to Geoffrey or generalized to the lab.


�Is this the panel in section 3?  Need to refer to it.


�Who is the user community?  Can we identify members of the Advisory Panel who will help us organize this?  Who do we plan to target first (ie someone like Jan Crider).


�Need to mention visiting faculty.
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