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Geospatial Information and Information Technology

SCOPE

The Computer Science and Telecommunications Board proposes to carry out a project centered on a workshop to explore opportunities and directions for increased interaction between the geospatial and mainstream information technology (IT) research and development communities.  The goal is to illuminate directions for future research that would enhance the accessibility and usability of geospatial information and explore how geospatial applications might influence IT design and research.  Topics would include research and development areas and associated development/implementation issues, including trends in the enabling information technology, the nature and roles of the potential information contributors (information providers and validators), system builders, and users.  This project is intended as the first phase of a larger project that would examine these issues in more depth, either through an extended series of workshops or full-length study.

CONTEXT

Policy Context

There is considerable interest, both within government as well as in the private sector, in enhancing the availability and use of geo-referenced information.  For example, the Federal Geographic Data Committee, an interagency committee charged with promoting the coordinated development, use, sharing, and dissemination of geospatial data was established by the Office of Management and Budget (OMB) in 1990 [revision of Circular A-16, "Coordination of Surveying, Mapping, and Related Spatial Data Activities”].  A 1994 executive order called for the development of a national spatial data infrastructure, describing it as the "technology, policies, standards, and human resources necessary to acquire, process, store, distribute, and improve utilization of geospatial data.” [Executive Order 12906, Federal Register, 59(71) 17671-17674, April 13, 1994], and other nations are also working to establish similar infrastructure.  Government data sets and systems, including satellite and other remote sensing platforms as well as the government-operated global positioning system (GPS) provide an important element of the geospatial data infrastructure, complemented by data from a growing commercial geospatial data industry.  A related, recent development is the issuance of an April 2000 executive order establishing a “global disaster information network” in which geospatial information is likely to play a key role.  Meanwhile, location-based services in commercial applications are being propelled by both marketplace innovation (e.g., wireless Web/Internet services) as well as government mandate (e.g., a Federal Communications Commission order extending enhanced 911 caller locating capabilities to cellular services).

US government geospatial data activities have received heightened attention and interest within the federal government.  Responding to emerging possibilities for integrating different kinds of information, “digital earth” has emerged as a broad concept encompassing multiple, digital, dynamic representations of the Earth and including online-accessible data sets and tools for accessing, manipulating, and applying this information.  An interagency “digital earth” steering committee has been established, and a series of digital earth “community” meetings have gathered interested parties from government, academia, and industry. Despite the existence of various coordinating bodies, the roles of the many different government agencies involved in the collection, processing, and distribution of geospatial data  (including how they relate to the digital earth concept) have not been well established.

Information access and availability are important considerations.  Some of the major issues that will arise as geospatial information is more widely used include the liability of data and software tool providers, intellectual property rights, and the rules that should govern information access and use, including privacy and confidentiality protection.  Other issues surround the availability of government-collected geospatial information, including constraints owing to national security concerns, policies that limit release of data obtained for government use that would compete with commercial data providers, and the costs associated with the preparation of data sets for public release.  Access practices vary at the local, regional, national, and international levels.  While the federal government has a general policy of making data available at marginal cost, many state and local government organizations seek partial or full cost recovery, raising questions about what incentives could be provided that would encourage state/local government to make this data more widely available.

More widespread dissemination, sharing, and viewing of geospatial information about aspects of the Earth ranging from weather and climate to demographics is argued to have the potential to be used for numerous purposes including public and private decision making, public safety/emergency response, research, and education.  A better understanding of the possible uses and benefits in each of these spheres would help in assessing the potential overall impact of investments in this area, and directing both generic (standards, infrastructure, tools, common data sets) as well as sector-specific investment.  Another area for exploration is the appropriate role of the commercial sector, government, and specific user communities. 

Technical Context

The increasing use of geographical information systems (GISs), online map systems, and other geographically referenced information on the Internet, and a proliferation of mobile wireless data devices, are all indications of growing interest in geospatial data in different application and technical contexts.  A range of geospatial data sources, using satellite and other sensor platform data and data collection that leverages the GPS and other position-location infrastructures make geospatial data an important input for many scientific and decision-making activities.  There are a number of applications that increasingly depend on exchanging geospatial data and sharing information processing resources, generally by making them network accessible.  Predictive modeling and forecasting of phenomena such as weather, climate and environmental change and decision-making in areas such as crisis response and consequence management in natural and man-made disasters and in land use planning depends on geospatial information and the availability of appropriate computing resources.  

A number of technical issues must be addressed in order to make usable, content-rich geospatial information systems a reality.  Software tools and standards are needed to enable the discovery, retrieval, processing, representation, and display of georeferenced data.  Metadata (information about the data) is crucial to both locating data sets and interpreting data elements, and standards for metadata are also important.  A key issue is interoperability—to what extent can geospatial data of various types be used and combined, independent of source.  Interoperability requires the identification of appropriate existing standards and the development of new standards where gaps exist.  Interoperability requires that both syntax (how the data is formatted) as well as semantics (the meaning of data elements) issues be addressed. Other issues include approaches to search and retrieval from very large, distributed data sets; techniques for representing complex spatially-based information in intuitive ways; and approaches to integrating spatial and temporal information (i.e., 4-dimensional data).

New mobile, wireless, and embedded processors and sensors are leading to a proliferation of computing devices for which location is an important piece of information; they also give rise to and enable applications that make use of or depend on geospatial data.  Technical issues for these applications include networking approaches that support very large numbers of distributed and mobile devices (scalability).  A related technical issue is how to incorporate geolocational information in various devices and software services linked to the Internet and other information systems.

Much work remains to be done to develop new techniques and technologies and define appropriate architectures and standards.  The GIS community--business, academia, and government--has worked since the mid-1990s through the Open GIS Consortium to build standards for the exchange of geographical data.  More recently, the digital earth community has captured a set of architectural views and identified both existing and required standards in the “Digital Earth Reference Model” [DERM, v 0.3.3, <http://www.digitalearth.gov/derm>].  Seeking to demonstrate and explore the potential of the digital earth concept, several groups are participating in the digital earth “alpha version,” in which education, government, and journalism applications will be made available via the Web and other publicly accessible locations [Alpha Version plan DRAFT v0.2, <http://www.digitalearth.gov/alpha>].  Recognizing the value of building prototypes, the Open GIS Consortium has organized a Web mapping testbed through which both public and private sector developers have demonstrated what could be done using open standards developed by the consortium.  

However, these standards-focused activities have been generally been concentrated outside of mainstream computer science.  Now that key concepts have been demonstrated and momentum has been building, the value of engaging people at the forefront of information technology development has become more apparent.  There are gaps to be filled, and the technical choices require considering the interests of many different stakeholders.  The requirements of stakeholder communities are in the early stages of being examined and understood.  They will drive efforts to determine what might be developed in terms of underlying geospatial infrastructure including a hardware, software, data, and services (e.g., networks/communications, servers, databases, meta-information gazetteers, ontologies, thesauri, visualizations). 

PLAN OF ACTION

Statement of Task

This project will involve a workshop intended to explore commonalties and opportunities for increased interaction between the geospatial and mainstream information technology/computer science communities.  Drawing on the insights of a small committee, the workshop will select and explore a number of specific topics.  Examples include:

· Geolocation information needs of user communities such as including researchers, government decision-makers, businesses, and consumers;

· Types, sources, quantity, and quality of geolocation information applicable in these different contexts.

· Elements of an underlying geospatial infrastructure, including architecture, standards, hardware, software, and common data sets;

· Approaches to interoperability at the data/software semantics level;

· Models for maintaining updated, interoperable information sources (e.g., systems that update datasets and models in the background; franchise models for local yellow pages etc);

· Implications of policy issues such as privacy, confidentiality, accountability, trust, and verifiability  and the social and economic implications of embedding geolocational, dynamic information sources in hardware and software connected to the Internet and other networks.

The committee would draw on the work of a number of other groups, in government, academia, and industry, which are also engaging in efforts to explore these areas and this activity, as appropriate in the course of developing and carrying out the workshop.  A workshop format is appropriate as an initial exploration of issues and research opportunities.  A more complete assessment would require more time and effort, which could come from complementary workshops (the proposed workshop becoming effectively the first in a series) or a study project with more meetings, briefings, and other inputs that would inform the committee’s deliberations.  The proposed workshop could help to illuminate the parameters for such a project.

Responsible Body

An interdisciplinary workshop committee assembled by the Computer Science and Telecommunications Board will conduct this project.  The committee will require expertise from the information technology (information retrieval, database, digital libraries, networking, HCI, modeling/simulation, standards), geography/mapping science communities, and application areas (e.g., geo-sciences, disaster management, and commercial mapping).  Committee membership will reflect expertise in the technologies, the perspectives of user communities for geospatial data, as well as expertise about the relevant policy context (e.g., access and disclosure, intellectual property rights, and government information policy).

Preliminary Work Plan

Based on consultation with Board members, the sponsors, relevant stakeholder groups, and outside experts, CSTB will assemble a workshop committee of approximately 6 to 8 members with expertise in the areas outlined above. Staff and committee work before and after the workshop will provide a foundation and background for the committee’s report.  For example, in preparation for the workshop, staff will conduct a literature review to identity relevant research and application areas (including the outputs of conferences and workshops on geospatial data issues).  The project’s workshop will focus on a subset of issues where the committee believes that extended discussions would have the maximum impact.   The committee will convene prior to the workshop to select the key issues to be explored in depth at the workshop as well as possible speakers and participants.  In addition, extensive outreach will be made to the appropriate IT, geospatial data, and user communities to identify appropriate speakers, as well as a wider set of invited participants that will participate in workshop discussions.

A two-day workshop will employ a combination of presentations and facilitated discussions.  The committee will meet one or more times subsequent to the workshop to complete a synthesis report that draws heavily on the workshop.  Its report will integrate the ideas and viewpoints expressed at the workshop, supplemented as necessary by additional material developed by the committee.  The report may contain findings and recommendations on opportunities for collaboration between the geospatial and information technology disciplines as well as other research, development, and implementation issues, and may make suggestions for appropriate follow-on activities. The report will be subject to the National Research Council (NRC) review procedures.  Dissemination will be targeted toward interested parties in academia, government, and industry.  The report will be made available on the National Academies’ Internet World Wide Web server, as well as in paper form.

Additional Information

This workshop is sponsored by the National Aeronautics & Space Administration and the National Science Foundation.  For additional information, contact Cynthia Patterson at <cpatters@nas.edu> or (202) 334-3280.
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