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Abstract :

Geoinformatics provides the information sciences infrastructure to address complex questions in geosciences and plays a role in diverse and significant areas of modern life from public health, emergency planning, and crime analysis to every day services on the web such as Google Earth and MapQuest. This area is rich in research problems at the interface of a number of disciplines, leading domain experts in collaborations and interdisciplinary research beyond their own disciplines. The symposium would be a venue for Minnesota Geoinformatics researchers, who are scattered across campuses and colleges to form new interdisciplinary relationships to frame research problems in the context of societal needs, begin endeavors to initiate technological transformations, and advance research in domain sciences. Current methods in geoinformatics largely address the spatial dimension of the problems, despite the temporal nature displayed by almost every dataset of interest in this area. Addressing the temporal dimension opens up the possibilities for new questions and novel research, in both informatics and domain sciences. This would enable existing technology to process and analyze spatio-temporal datasets (such as sensor datasets and global positioning system (GPS) tracks) to help solve challenging societal and environmental problems and enhance interdisciplinary research. The research problems formulated through the symposium have ample opportunities to be supported by many federal agencies such as NSF, NGA, and NIH, who already have recognized geoinformatics as a core research area.

Exploring Spatio-temporal Future of Geoinformatics:

A Symposium to Identify Challenges, Knowledge-gaps, and Transformational Opportunities

1. Description of the Topic:  
Geoinformatics is an interdisciplinary field of science that works on the basic science of spatial-temporal processes in the human and environmental domains and the application to disciplinary and interdisciplinary applications.   “[It] combines geospatial analysis and modeling, development of geospatial databases, information systems design, human-computer interaction and both wired and wireless networking technologies. Geoinformatics technologies include geographic information systems, spatial decision support systems, global positioning systems (GPS), and remote sensing.” (Wikipedia) Over the last few decades, geoinformatics has become an important part of our everyday life. For example, Google Earth, a popular web based mapping service, is very widely used and almost everyone makes use of navigation devices or 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)[7] 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. People use vehicle navigation systems daily to plan their travel. 

However, current geoinformatics is largely concerned with a few snapshots of events rather than the process, even though almost all applications have a rich temporal dimension and spatio-temporal datasets (e.g. measurements from sensor networks, longitudinal datasets, tracks of moving objects from the global position system (GPS) [6]) are becoming available. The goal of the proposed symposium is to explore new and important interdisciplinary questions which arise from and may be investigated in the increasing spatio-temporal future of geoinformatics. 

Potential Impact: Adding the temporal dimension to geoinformatics opens up exciting possibilities. For example, commuters may ask for best start time to reach a scheduled meeting while minimizing the time-spent on the highway. Epidemiologists and public safety professionals may identify emerging hot-spots 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. The 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 these formations. Spatio-temporal generalization of web-based mapping services, e.g. Google Earth, may allow many more researchers to be able to study and communicate such changes on planet earth.

Originality: Preliminary spatio-temporal research [6,9] is limited to data collection, querying, and database management and has not realized the potential analytic power to help solve challenging societal and environmental problems. The proposed symposium will bring together geoinformatics researchers and scientists working on societal problems to identify challenges, knowledge gaps and transformational opportunities to advance not only spatio-temporal informatics but also the domain sciences needed for solutions to complex societal problems. The multi-disciplinary approach in the proposed symposium is truly unique and will distinguish Minnesota as a thought leader in the spatio-temporal future of geoinformatics. 

Significance: We believe that the spatio-temporal aspects of geo-informatics are critical to addressing many major global challenges facing humanity [5] including sustainable development, clean water, disease prevention, 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 [8]. The Minnesota Governor's Council on Geographic Information [11] has identified this theme to be  “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 a diverse set of researchers from the University to exchange and identify research opportunities. Table 1 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, the second column lists the broad range of departments that would cooperate in this research. To illustrate the potential contributions of the scholars from these departments, the fourth column refers to a set of questions listed in Table 2 that could be addressed collaboratively, in the context of geoinformatics. 

	Table 1:  Participant Scholars, and their Affiliations

	Unit
	Departments or Centers
	Scholars
	Questions 

	CFANS
	Forest Resources (FR)

Soil, Water, and Climate (SWC)
	M. Bauer, T. Burke, P. Bolstad

J. Bell, D. Mulla
	Q1,Q2, Q3

	CLA
	Geography, Cartography (Geog)
Psychology
	R. McMaster, S. Manson, F. Harvey
G. Legge
	Q1,Q2, Q3,Q4

	IT
	Civil Engineering (CE); Computer Science & Eng. (CSE); Geology
	E. Foufoula-Georgiou, G. Sapiro, D. Levinson; R. Barnes, S. Shekhar, V. Interrante, L. Terveen, M. Mokbel,; P. Morin, H. Thorleifson
	Q1,Q2,Q4


	CBS
	   Ecology, Evolution & Behavior (EEB)
	Anne Pusey
	Q1,Q2,Q3,Q4

	HHH
	Public Policy
	John Adams, Ed Goetz
	Q1,Q3,Q5

	CSOM
	Information and Decision Sciences
	Alok Gupta
	Q1,Q3

	SPH
	Biostatistics
Epidemiology & Community Health
	S. Banerjee

M. Oakes
	Q1,Q2

Q3

	Design
	Design/Arch./Landscape Architecture
	L. Musacchio, D. Pitt, J. Crump, 

L. Anderson
	Q1,Q4,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
	Q1,Q2,Q3


Opportunity for interdisciplinary participation: Table 2 shows illustrative symposium-related geoinformatics questions to illustrate the potential interdisciplinary research opportunities. For example, visualization (Question Q6) is of interest to many disciplines with dramatically different perspective. Geographers focus on the surface of the Earth and cartographic issues, researchers in Soils and Geology focus on underground structures, psychologists examine human perception and computer scientists explore algorithms and data-structures for data analysis. Other examples include Questions Q3 and Q4, which also have complementary perspectives across multiple disciplines.

	Table 2:  Illustrative Questions (adapted from [10]) and Participating University Units

	
	                                Illustrative Question
	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
	X
	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
	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
	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
	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 the  increasing availability of spatio-temporal datasets, many new disciplines and organizations are identifying opportunities to ask new questions. For example, currently Q8 in Table 2 is of interest to design researchers and they are looking forward to finding interdisciplinary collaborators at the proposed symposium. We expect many other questions such as, How is the creative economy  making where to live the most important decision of your life? [12], What is the relationship between prices and location for real-estate, hotels, etc.?, Why do some industry groups cluster in space and time (e.g. Silicon Valley for technology in recent decades)?, How do humans organize spatio-temporal knowledge?, How do territories affect reproductive success for female chimpanzees? We will invite several researchers from diverse disciplines to the symposium. including  A. Pusey (CBS/EEB), G. Legge (CLA/Psychology), and A. Gupta (IDSc, Carlson School). 

The proposed symposium will also be open to a broader set of faculty members, including but not limited to those listed in Table 1. We plan to create a web-site for the symposium and invite interested participants to complete an online form online to indicate contact information, 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 $250 fellowships to support travel within the state of Minnesota. Applications will be due by 10/1/2008, reviewed in the first half of the month by the core planning group (using evaluation criteria of relevance of the workshop, geographical diversity, and minority status), and informed by 11/1. These arrangements will be posted on a website by 9/10/2008 and advertised via listservs, press releases and distributions through organizations such as Minnesota Governors council on GIS [11] and MetroGIS [13].

4. Other Experts to Lead/Facilitate Symposium

We will invite a group of external experts, who have played a significant role in the development of the fundamental disciplines related to this symposium through their contributions to research, publications, and service in prestigious professional organizations. For example, Dr Michael Goodchild is a member of the National Academy of Sciences and the most prominent geographic information scientist in the world. Dr. 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 the Association of Computing Machinery (ACM) and a leading researcher in the area of database management systems for moving objects. 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, the National Cancer Institute (NCI) of NIH, NASA, the National Institute of Justice, and UDDOD – Topographic Engineering Center (TEC). Program managers from these agencies have a long history of research collaboration with the faculty involved in this symposium.

	Table 3: List of Other Experts

	Invited Expert
	Affiliation
	Questions

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

	Dr May Yuan
	Dept of Geography, University of Oklahoma
	Q2

	Dr Ouri Wolfson
	Dept of Computer Science, UIC
	Q4

	Dr Doug Johnston
	Landscape Architecture, Iowa State
	Q5


5. Team Qualifications
An ideal team to organize the proposed interdisciplinary symposium needs a variety of skills including intellectual leadership, grants writing skills, interdisciplinary collaboration and university engagement. Our team has all of these skills.

Interdisciplinary Collaboration experience: Geoinformatics is an inter-disciplinary field. Thus, a portion of this team already communicates and coordinates for courses, colloquia etc. via a geospatial portal [18]. In addition, 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), and H. Liu (IT/CE). S.Manson (CLA) has an NSF grant with CFANS colleagues. 

 Workshop Organization Experience: Team members have organized a variety of workshops and conferences. For example, B. McMaster and W. Craig led a sequence of national meetings to formulate a research agenda [14]. S. Shekhar co-authored a paper on accomplishments and research needs [17] in spatial databases and has delivered keynote addresses providing a survey and knowledge-gap analysis [16]. W. Craig organized a congressional breakfast on GIS and homeland security (2004). T. Burk [19] organized mapserver  user conferences. S. Shekhar organized 2007 Workshop on Spatial and Spatio-Temporal Data Mining. 

Intellectual Leadership: Team members have strong professional leadership experience. S. Shekhar, R. McMaster and W. Craig have served or are serving on the National Academies’ mapping science committee. R. McMaster currently serves as the president of University Consortium on GIS (UCGIS) and W. Craig  has served as its president. S. Shekhar is a co-editor in chief of GeoInformatica journal and is a co-editor of the Encyclopedia on GIS. F. Harvey serves on the editorial board of the International Journal of GIS and is a co-editor of the GIS section of Blackwell’s Geography Compass. The MapServer[19] 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 the NASA Earth Science program [2]. S. Shekhar has grants from NSF, NGA, USDOD, etc. S. Banerjee has grants from NIH. S. Ruggles has a strong track record of grants from NSF and NIH. S. Manson has NSF grants. 

UofM Engagement: Team members are actively involved in service to the University. For example, 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 provide university researchers with geo-spatial datasets, software and expertise via ERSAC [3], the Minnesota Population Center, Center for Urban and Regional Affairs (CURA) and the Department of Geography. 
6. Significance of Preliminary Research Topic relative to Potential Funding Opportunities
Geoinformatics is a core area of research for many federal agencies listed in Table 4. Spatio-temporal research opportunities already exist within some of these programs and are likely to grow in the coming years. For example, the NSF Cyber-driven Discovery and Innovation (CDI) program [1] will make $400 million available over the next 4 years. Of course, other NSF programs such as IGERT are also relevant. The National Institute of Health (Center for Disease Control, National Cancer Institute) has spatial programs related to identifying cancer clusters as well as to monitor and control the disease. The National Geo-spatial-Intelligence Agency (NGA) has an NGA University Research Initiative (NURI). The 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. The U.S. Department of Defense has multiple programs to support spatial research topics. Proposed symposium and its follow-on is likely to lead to multiple research proposals to these agencies. Team members have proven track records in many of these programs as described in section 5.

	Table 4:  Potential Funding Organizations and Programs

	Organization
	Relevant Programs

	National Science Foundation
	CDI, IGERT, GEO, CISE/III-CXT, …

	National Institute of Health
	Cancer Control and Pop. Sc., Natl. Cancer Institute

	National Geospatial-Intelligence Agency
	NGA University Research Initiative

	National Aeronautical and Space Agency
	Earth Science, Global Change

	U.S. Department of Justice
	Mapping and Analysis for Public Safety

	U.S. Department of Defense 
	Topographic Eng. Center, ARO/Earth Sciences


7. Organizational Details, Timeline for the Design and Target Dates of the Symposium
Pre-Symposium work: The core planning group (PIs and co-PIs) will hold monthly coordination meetings from July 2008 to December 2008 around the first Friday of each month. These meetings will survey alternative symposium formats such as those used at the “Genomics Revolution” from Keck’s initiative [7] and the “IT Road Map for Geospatial Future”[6], to choose and implement the most appropriate format to identify challenges, knowledge gaps and research opportunities. We will also work closely with the office of the Vice President of Research (OVPR) to structure the symposium to meet the goals of the Minnesota futures grant program possibly via consulting the 2007-08 awardees and suitable persons at the OVPR.

A timeline for the design and target date(s) of the symposium: Target dates for the symposium are January 22nd and 23rd, 2009. Assuming June 30th, 2008 feedback to this proposal, we will have six months to design and organize the symposium. We plan to focus on identifying alternative symposium structures in July by reviewing similar symposiums at peer institutions and federal agencies as well as consulting 2007-08 awardees of the Minnesota Futures Grant Program and OVPR representatives. The August meeting will compare the alternative symposium structures. The September meeting will include a broader set of faculty members, including those listed in Table 1, to finalize the symposium structure and seek volunteers to lead chosen activities such as identifying discussion questions, leading break-out group discussions, reporting break out discussion results to the entire symposium, identifying methods to prioritize research opportunities, forming teams to pursue high-priority opportunities, etc.  The October and November meetings will monitor progress towards the selected tasks by volunteers as well other logistical details of organizing the symposium. The December meeting will review the status and identify remaining issues to be addressed for successful symposium.

Symposium Quality – Speakers:- We plan to include thought leaders from academia, industry and federal agencies. For example, Prof. M. Goodchild, a member of the National Academy of Sciences, is considered the leading geographic information scientist in the world and has organized a number of workshops to shape research agendas. We plan to invite program managers for federal agencies listed in Table 4 and research leaders from prominent industry groups including ESRI, Microsoft Research, Oracle Spatial, etc. 

Symposium Quality – Format:- The symposium format will be designed to encourage communication and discussion that formulates new research questions or promotes new ways to address existing research questions. To bridge the language difference across disciplines, the symposium will include keynote speeches and tutorials by invited experts. A series of breakout sessions would bring groups of researchers from different fields together to address and formulate new ideas and connections. These sessions may be organized around questions listed in Table 2 and challenges driving interdisciplinary research [4]. For example, questions such as “what are the basic or complex geoinformatics research problems at the interfaces of the disciplines?”, “what are the transformational opportunities in science and engineering disciplines from generative technologies such as cyber infrastructure?”, and “how can we use geoinformatics in addressing societal needs such as clean water, transportation, energy, and security?”. PIs have participated in similar workshops and appreciate the value of activities like gap analysis via academics and industry talks, needs analysis via mission centric funding agencies, break-out groups to seek broader input on selected questions, informal mingling and match making activities to form teams to pursue specific opportunities, etc. 

A key outcome of the symposium would be a set of critical research issues worthy of phase 2 proposals along with investigator-teams willing to develop corresponding proposals. We will involve a team of graduate students from the Dept of Writing Studies and the Center for Teaching and Learning at U of M in the symposium, who would help prepare summaries of the sessions, based on the group interaction and final briefings. These summaries would describe the problem formulations, propose the research directions to understand and address the problems, outline potential collaborations, and describe the benefits to society from the research.   
Plan to sustain promising discussions for preparation of phase 2 proposal: Post-symposium details will be planned after the details of phase 2 proposal process is available. The core group (PIs and co-PIs) will continue to meet once a month in Spring 2009 to prepare a report listing key research questions identified in the symposium and to assist investigator teams preparing phase 2 proposals.
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