Exploring Spatio-temporal Future of Geo-spatial Informatics:
A workshop to identify challenges, knowledge-gaps, and transformational opportunities

Tentative Workshop Date: January 22nd-23rd, 2009
1. Description of the topic:  
Time and space are two ubiquitous aspects of human activity and experience, almost everyday in our lives that we make use of spatial and temporal information. In many information system, ranging from environmental agencies to military and space agencies, time and space need to represented to make these systems effective. 

Originality of Idea: Research in spatial information systems have resulted in the development of representation and standards (Open GIS Consortium (OGC)) and techniques for the management and analysis of spatial information. At least a dozen academic research centers (e.g. Harvard U, U.C. Santa Barbara, Canada-wide GEOIDE, Wuhan University in China, National University of Ireland, etc.) around the world focus on geo-spatial informatics. However, current geo-spatial informatics is severely limited in face of growing spatio-temporal datasets such as measurements from sensor networks, longitudinal data (e.g. census over a century), tracks of moving objects from the global position system (GPS), etc. There is an urgent need for a multi-disciplinary intellectual effort to transform current geo-spatial informatics methods to effectively represent, model and reason with spatio-temporal information. The multi-disciplinary approach in the proposed workshop is truly unique and will distinguish Minnesota as a thought leader in the emerging area of spatio-temporal informatics. 
Potential Impact of Idea: Spatial technologies (e.g. location based services, in-car navigation devices popularly known as GPS, satellite imagery to monitor weather, climate and environmental etc.) are an important part of our everyday life. Google Earth, a popular web based mapping service, is being very widely used and almost everyone makes use of web-based services such as Mapquest to find routes. Epidemiologists use spatial analysis techniques to identify cancer clusters (i.e. locations with unusually high densities) and track infectious disease such as SARS, and bird flu. Public safety professionals use spatial analysis to identify crime hot-spots to select police patrol routes, social interventions, etc. Emergency managers use spatial analysis to identify routes to evacuate vulnerable population to safety. Adding the temporal dimension to the spatial informatics opens up exciting possibilities. For example, commuters may ask for best start time to make a scheduled a meeting while minimize time-spent on the highway along with routes. Epidemiologists and public safety professionals may identify emerging hotspots and intervene proactively before problem gets severe. Emergency planners may explore spatio-temporal evacuation plans using spatio-temporal ideas like phased evacuation and contra-flow via reversible lanes. Recent book and documentary titled “An inconvenient Truth” by Al Gore provides a tantalizing vision. It used multiple snapshots of polar ice-caps to communicate the dramatic change in those. Spatio-temporal generalization of web-based mapping services, e.g. Google Earth, may allow many more researchers to be able study and communicate such changes.

Significance of theme: We believe that the theme is critical to addressing many major challenges facing humanity [1] including sustainable development, clean water, diseases, security and safety, etc. It is not a surprise to us that the US Department of Labor has identified geospatial technologies, along with nanotechnology and biotechnology, as one of the three most important high-growth industries in the 21st century [2]. The Minnesota Governor's Council on Geographic Information [3] has identified Geographic information as “critical to the understanding and management of complex economic, social, and natural resources in Minnesota." 
2,3  List of Disciplines, Scholars, and Expected Contributions:

The symposium brings together researchers from the University to exchange and identify research opportunities. Table 1  shown below lists the disciplines that would collaborate to identify and address the challenges in spatio-temporal informatics research. While the first column illustrates the diversity of colleges, second column lists the departments that would cooperate in this research. To illustrate the potential contributions the scholars from these departments, the fourth column refers to a set of questions listed in Table 2 that could be addressed by each of them, in the context of spatio-temporal informatics. 
	Unit
	Departments or Centers
	Scholars
	Questions 

	CFANS
	Forest Resources (FR)
Soil, Water, and Climate (SWC)
	M. Bauer, T. Burke, P. Bolstad

J. Bell, David Mulla
	Q2, Q5

	CLA
	Geography, Cartography (Geog)
	R. McMaster, S. Manson, F. Harvey
	Q1, Q6

	IT
	Civil Engineering (CE)
Computer Science & Eng. (CSE)
	E. Foufoula-Georgiou, D. Levinson
S. Shekhar, V. Interrante, L. Terveen, M. Mokbel
	Q5

Q4, Q6

	CBS
	   Ecology, Evolution & Behavior (EEB)
	Claudia Neuhauser, Anne Pusey
	Q5

	HHH
	Public Policy
	John Adams
	Q7

	SPH
	Biostatistics
	Sudipto Banerjee, Brad Carlin
	Q3

	Design
	Design/Arch./Landscape Architecture
	L. Musacchio
	Q8

	U Centers
	Center for Urban and Regional Affairs

Minnesota Population Center

Center for Transportation Studies 
Natural Resource Res. Inst. (Duluth)
	W. Craig

Steven Ruggles
John Hourdos

Lucinda Johnson
	Q3



Opportunity for interdisciplinary participation: Many questions in Table 2 are of interest to multiple disciplines illustrates the potential interdisciplinary research opportunities. For example, visualization (Question Q6) is of interest to many disciplines with dramatically different perspective. Geographers focus on surface of the Earth and cartographic issues, Soils researchers focus on underground structures, psychologists examine human perception and computer scientists explore algorithms and data-structures for computer graphics. Other examples include Questions Q4 and Q5 as these have complementary perspectives across multiple disciplines.
	
	
	CFANS
	CLA
	IT
	CBS
	HHH
	CSOM
	Design
	SPH
	Centers

	Q1
	Conceptual models, Ontology: How do we conceptualize spatio-temporal world? 
	
	X
	
	
	
	
	
	
	

	Q2
	Remote sensing: How do we measure spatio-temporal concepts, recognize them in remotely sensed information or in the field, and identify their accuracy and quality?
	X
	
	
	
	
	
	
	
	

	Q3
	Representation and Integration: How do we represent spatio-temporal concepts with incomplete/ uncertain information, with alternative data models, and possibly with multiple representations for the same data, in digital environments?
	X
	X
	X
	
	
	
	
	X
	 

	Q4
	Spatio-temporal databases:  How do we store, access, and transform spatio-temporal concepts, facilitating data sharing, data transfer, and data archiving, while ensuring minimum information loss?
	X
	X
	X
	
	
	
	
	
	

	Q5
	Analysis and Models: How do we explain spatio-temporal phenomena through the application of appropriate methods of analysis, and models of physical and human processes?
	X
	X
	X
	X
	
	
	
	X
	X



	Q6
	Visualization: How do we visualize spatio-temporal concepts on a variety of media such as maps on electronic displays or animated    displays ?
	X
	 X
	 X
	
	
	
	X
	
	X

	Q7
	Applicability: How do we use spatio-temporal concepts to think about spatio-temporal  phenomena, and to seek explanations for spatio-temporal patterns and phenomena?
	
	
	
	
	 X
	 X
	
	
	

	Q8
	Design: How do we utilize spatio-temporal concepts to design sustainable places and alternative futures?
	
	
	
	
	
	
	X
	
	



Opportunity for participation from non-traditional Disciplines and Groups: With increasing availability of spatial datasets, many new disciplines and organizations are identifying opportunities to ask new questions. For example, Economists are exploring the relationship between prices and location for real-estate, hotels, etc. as well as spatial clustering of industry groups (e.g. Silicon Valley for technology). Psychologists are exploring spatial cognition to understand how humans organize spatial knowledge. Biologists are examining relationship between territories and reproductive success for female Chimpanzees using a 50-year longitudinal dataset gathered by Dr. Jane Goodall and her colleagues. We will invite about half a dozen researchers from these non-traditional disciplines in this workshop. Potential participants include Prof. Anne Pusey (CBS/EEB), Prof. Gordon Legge (CLA/Psychology), Prof. Alok Chouwdhuri (Information and Decision Sciences, Carlson School). 

Local and state governments are increasing using geo-spatial information science for a variety of tasks ranging from emergency management, natural resource management, property ownership tracking, transportation, etc. We plan to invite about half a dozen leaders from local and state government organization via Minnesota Governors Task Force on GIS [3] and MetroGIS [5] organizations.

4. Other Experts to Lead/Facilitate Symposium

We will invite those external experts, who have played very significant roles in the development of various fundamental disciplines involved in this symposium through their contributions in research, and publications, and services in prestigious professional organizations. For example, Dr Michael Goodchild is a member of the National Academy of Science and the most prominent Geographic Information Scientist in the world. Dr Cressie is a Fellow of the American Statistical Association and The Institute of Mathematical Statistics, and considered the foremost authority on spatial statistics. Dr. Ms. May Yuan organized a workshop on time in geography and is exploring visualization techniques for trajectories of moving objects over and space. Dr Ouri Wolfson is a fellow of Association of Computing Machinery (ACM) and a leading researcher in the area of database management systems for mving objects. Dr. Michael Worboys is distinguished member and a leading thinker in the area of mathematical modeling of spatio-temporal data. Dr Barry Smith who is a world leader in ontology, and Prof. Doug Johnston explores landscape architecture. Table 3 lists the experts who would take an active part in the symposium along with a set of representative questions related to their expertise.
We will also invite program managers from NSF, NGA, National Cancer Institute (NCI) of NIH, NASA, National Institute of Justice, and UDDOD – Topographic Engineering Center (TEC). Potential invitees from these organizations are listed below. These program managers have a long history of research collaboration with the faculty involved in this symposium.

	Invited Expert
	Affiliation
	Questions

	Dr Michael Goodchild
	University of California, Santa Barbara
	Q1, Q5

	Dr Noel Cressie
	Spatial Statistics, Ohio State University
	Q3

	Dr Michael Worboys
	NCGIA, University of Maine
	Q1, Q3

	Dr May Yuan
	Dept of Geography, University of Okhlahoma
	Q6

	Dr Barry Smith
	Philosophy andOntology, SUNY, Buffalo
	Q1, Q7

	Dr Ouri Wolfson
	Dept of Computer Science, UIC
	Q4

	Dr Doug Johnston
	Landscape Architecture, Iowa State
	Q8

	Dr Craig Knoblock
	Dept of Computer Science, USC, Los Angeles
	Q3


Table 3: List of External Speakers

5. Team Qualifications
An ideal team to organize proposed interdisciplinary workshop needs a variety of skills including intellectual leadership, grantsmanship, interdisciplinary collaboration and university engagement. Our team has many of these skills.
Intellectual Leadership: Team members have strong professional leadership experience. S. Shekhar, R. McMaster and W.Craig have or are serving on the National Academies’ mapping science committee (National Research Council). R. McMaster currently serves as the president of University Consortium on GIS (UCGIS) and W. Craig  has served as its president. S. Shekhar is an co-editor in chief of GeoInformatica journal and is a co-editor of the encyclopedia on GIS. S. Harvey serves on the editorial board of the International Journal of GIS and is co-editor of the GIS section of Blackwell’s Geography Compass. The MapServer[7] software developed under the leadership of T. Burk is used by tens of thousands of web-sites serving geographic datasets. 
Grantsmanship: Team members have proven track records in these programs. R. MacMaster and S. Ruggles had a large NSF center on National Historical GIS. M. Bauer, T. Burk and P. Bolstad have a track record of grants from NASA Earth Science program. S. Shekhar has grants from NSF, NGA, USDOD, etc. S. Banerjee and B. Carlin have grants from NIH. S. Ruggles has a strong track record of grants from NSF and NIH. S. Manson has a NSF grant. 

Interdisciplinary Collaboration experience: Geographic information science is an inter-disciplinary field. Thus, a large fraction of this team communicates and coordinates for courses, colloquia etc. via a geospatial portal [6]. In addition, Many members have collaborated on interdisciplinary grants. For example, T. Burk (CFANS/FS) had NASA grants with colleagues in IT/CS. S. Shekhar (IT/CS) has joint NSF grants with A. Pusey (CBS/EEB), H. Liu (IT/CE) and C. Neuhauser (CBS/EEB). S.Manson (CLA) has a NSF grant with CFANS colleagues. 

 Workshop Organization Experience: Team members have organized a variety of workshops and conferences. For example, B. McMaster is organizing 2008 summer and winter meeting of the University Consortium on GIS. W. Craig organized these forums earlier along with a congressional breakfast on GIS and homeland security (2004). T. Burk organized mapserver user conferences. S. Shekhar organizes annual Workshops on Spatial and Spatio-Temporal Data Mining. He also organized the ACM International Symposium on Advances in Geographic Information Systems (ACMGIS). 
UofM Engagement: Team members are actively involved in various services at the University. To list a few, R. McMaster currently serves as the Vice Provost and Dean of Undergraduate Education at the University of Minnesota, J. Bell and J. Adams serve as  Associate Deans in CFANS and HHH. The team also includes several distinguished McKnight professors. Team members serve university researchers with geo-spatial datasets, software and expertise via Spatial services at ERSAC [8], the Minnesota Population Center, Center for Urban and Regional Affairs (CURA) and Department of Geography. S. Shekhar’s research on Evacuation Route Planning was highlighted in annual UMN-OVPR “Research” magazine (2007), UM-Foundation “Legacy” magazine (Summer 2007), Fox TV evening news  etc.
6. Significance of Preliminary Research Topic relative to Potential for Future Funding
Spatio-temporal informatics is evolving to be one of the most challenging and exciting research area over the past few years. This symposium brings together people with internationally acknowledged research background, from over 20 fields of scholarship at the University of Minnesota, to explore the frontiers of research on Spatio-temporal informatics, and consequentially, to lay the foundations for a new interdisciplinary collaboration. The focal points of the symposium present ample research challenges to all the disciplines involved, while providing opportunities to collaborate with researchers across disciplines, resulting in transformation in current state of the art technologies. 

Funding Opportunities: This symposium and its follow-on is likely to lead to multiple research proposals to federal agencies listed in Table 4 with major initiatives. For example, NSF Cyber-driven Discovery and Innovation (CDI) program will make over $400 Million available over next 4 years. Team members have proven track records in these programs. National Institute of Health (Center for Disease Control, National Cancer Institute) has spatial programs related to identify cancer cluster as well monitoring and controlling disease. National Geo-spatial Intelligence Agency (NGA) has a NGA University Research Initiative (NURI). U.S. Department of Justice has a program titled “Mapping and Analysis for Public Safety” to analyze spatial patterns (e.g. hotspots) in crime datasets. U.S. Department of Defense has multiple programs to support spatial research topics.
	Organization
	Program Manager

	National Science Foundation (NSF)
	Dr Jim French, Dr Tom Baerwald

	National Cancer Institute (NCI), NIH
	Dr David Stinchcomb

	National Geospatial Intelligence Agency (NGA)
	Dr Beth Driver

	NASA
	Dr Robert Raskin

	National Institute of Justice, USDOJ
	Dr Ron Wilson

	USDOD- Topographic Engineering Center
	Dr Jim Shine



7. Organizational Details, Timeline for the Design and Target Dates of the Symposium
The symposium serves to catalyze the University of Minnesota geospatial community. Through a series of brown bag discussion on symposium focal points, the symposium with international involvement, and follow-up activities, the UMGC will provide the framework for synergizing discussions on campus about spatial-temporal research in the context of existing geospatial activities (geospatial.umn.edu). To provide an initial focus and bring together over 70 researchers from across the University of Minnesota, we propose a symposium on spatial-temporal informatics. The symposium will be funded in part by the Minnesota Futures Grant Program. Additional funds will come from colleges and units on campus who already have signaled the centrality of geospatial science in their research activities and potential private participants. 

Leading up to the symposium on 22-23 January 2009 a series of four brown bag meetings will be held in Fall semester 2008/09.  The brown-bags and symposium will be advertised to the community at large, have publically available websites, and be streamed (video and audio) on the internet. Any participant unable to attend a brown bag in person will have the possibility of sharing comments with session moderators through instant messaging.  To assure the viable organization of the symposium, the core planning group (Craig, Harvey, Sheth, {2 more at least, but no more than 4}) will hold and monthly coordination meetings. These meetings will coordinate detailed logistics of the symposium and brown bags. 

Interested participants will be asked to complete an application form online. On this form they will have to indicate name, contact information, website URL, topical interests, and relevant ongoing research projects. Graduate student participation will be encouraged through a poster contest. To make sure that out-state participants can take part we will offer $500 fellowships for ten applicants. Applications will be due by 10/15, reviewed in the second half of the month by the core planning group (relevance of the symposium, geographical diversity, and minority status are the evaluation criteria), and informed by 11/10. Private companies wishing to take part, will be charged a $500 entrance and participation fee. Government agency staff may take part for free. Any generated income will be used to cover fellowship costs.  These arrangements will be posted on a website by 9/10/2008 and advertised via listservs, press releases and distributions through academic and professional listservs, blogs, and websites in Minnesota and the Upper Midwest. 
Post symposium activities would include the formation of a core group that would gather input from the entire team and work on initiating research proposal preparation. This will be distributed among the members. The core group will meet every week and the entire team would meet every 3 weeks in Spring 2009. 

The symposium will begin with a keynote presentation and will then one divides into four parallel tracks (corresponding to the foci) for additional morning and post-lunch sessions. The first day will conclude with presentations from funding agencies on their relevant programs and funding perspectives, tied into a panel of funding agencies and experts on funding issues. This panel will be chaired by Dr Michael Goodchild, who has made seminal contributions in the area. 

External experts will give brief synopsis-styled talks at the beginning of each track on day one. Parallel track sessions will be 60 minutes long with time for three presentations each (a total of nine presentations per track). Thirty minute long coffee breaks and a ninety minute lunch provides time to encourage informal and engaged discussions. We will encourage student participation through the presentation of awards for best student poster. Posters will be presented in the registration area/break area and awards will be announced at the closing plenary session. After the plenary session, there is time for additional discussions over lunch and continuing into the afternoon. The symposium will also be streamed and recorded.
Symposium quality: 
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