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Abstract

In January 2006, the U.S. Geological Survey’s Geospatial Information Office established the Center of Excellence for Geospatial Information Science (CEGIS). The vision for CEGIS is to conduct, lead, and influence the research and innovative solutions required by the National Spatial Data Infrastructure (NSDI) of the USA and the emerging GeoSpatial Web. The mission is to provide leadership to identify, conduct, and collaborate on GIScience research issues of national importance; to assess, influence, and recommend for implementation technological innovations for geospatial data and applications; and to maintain world-class expertise, leadership, and a body of knowledge in support of the NSDI. To accomplish this mission much of the research of CEGIS is cartographic in nature. Current (2007) cartographic projects include research investigations of data integration, generalization, multi-resolution raster projection in near real-time using parallel and grid computing on the World Wide Web, fractal and variogram analysis of scale and resolution effects on geospatial processes, and developing an ontology for The National Map. Many of these projects are of interest to the Commissions of the International Cartographic Association (ICA). This paper and presentation will provide the objectives and results of several of these investigations. Examples of cartographic products generated from these research investigations will be presented and the significance of those products to serve as prototypes for system developments for the USGS effort to develop The National Map and the NSDI.

Introduction
In January 2006, the U.S. Geological Survey (USGS) Center of Excellence for Geospatial Information Science (CEGIS)(http://cegis.usgs.gov) was established within the Geospatial Information Office (GIO).  The CEGIS vision is to conduct, lead, and influence the research and innovative solutions required by the National Spatial Data Infrastructure (NSDI) and the emerging GeoSpatial Web. 
The mission of CEGIS is to:
· Provide leadership to identify, conduct, and collaborate on GIScience research issues of national importance by
· Providing timely, efficient, and intelligent access to new and archived USGS geographic data needed to conduct science and support policy decisions;
· Developing innovative methods of modeling and information synthesis, fusion, and visualization to improve our ability to explore geographic data and create new knowledge; and
· Developing credible and accessible geographic research, tools, and methods to support decision making related to the human and environmental consequences of land change.

· Assess, influence, and recommend for implementation technological innovations for geospatial data and applications.

· Maintain world-class expertise, leadership, and a body of knowledge in support of the NSDI.

To accomplish the mission and achieve the vision, the approach is to conduct a series of projects with USGS CEGIS staff, provide seed funding through a prospectus and call for proposals to other USGS scientists and academia, and work with the U.S. National Research Council (NRC) to establish a long term (10-year) research agenda. This paper documents the current (2007) projects, the 2007 Prospectus process and results, and the status of the NRC investigation.

CEGIS Research Projects – 2007

Automated Data Integration for The National Map
Objective Determine capabilities and methods for automated integration of The National Map layers transportation, hydrography, elevation, land cover, and orthographic images using existing data sources. Determine limits based on resolution and accuracy for integration and ability to use metadata to achieve automatic integration. Expand current findings and develop a system for integration to establish feasibility.

Results and Accomplishments We developed three different approaches to achieving the objective of this project. First, we used an empirical study to determine the meaning of data integration. We designed a rating scale (1 through 5), plotted various combinations of data that had been overlaid (for example, vector transportation and orthographic images), and had a group of USGS employees rate the level of integration based on position, shape, and temporality. The second approach was to use theoretical cartographic literature and develop the ranges of integration possible based on scale and resolution ratios. The final approach used automated methods to force the vector data to match the raster images through automatic control point location and rubber sheeting and was completed through a contract with the University of Southern California.

The empirical study provided understanding about data when integrated from a visual, qualitative perspective. The theoretical approach resulted in a working hypothesis using a factor of two for scale or resolution ratios. That is, two datasets with scale or resolution within a factor of two can be integrated. If the ratio is beyond a factor of two, the integration may be possible, but will require significantly more work and probably human interaction. Several presentations and publications from the project in national and international forums are available (CEGIS, 2007a).
Planned Future Work The visual/qualitative assessments of integration need to be quantified by distance, direction, and shape measurements. Whereas we have established a base to determine from metadata on scale, resolution, and accuracy whether or not two datasets can be integrated, these initial findings need to be rigorously tested with a variety of datasets.  The automated methods for forcing integration of transportation and image data need refinement and need to be expanded to other data combinations.

Generalization for The National Map 

Objectives Determine the problems of automated generalization as applied to The National Map; assess the current state of automated generalization; develop an overall approach that can be implemented as a solution to achieving the visualization and delivery of an integrated dataset at a specific resolution (scale) from The National Map.
Results and Accomplishments We examined the problems of generalization for The National Map and determined a need to dynamically change scales and content/symbolization as the areal extent changes on the display of the viewer. We compiled a large literature review on generalization, and have developed methods to decrease the level of content of high resolution (1:24,000-scale or larger) to medium resolution National Hydrography Dataset (NHD) (1:100,000-scale). Our NHD generalization approach consists of feature pruning and simplification, where feature simplification is accomplished through rule-based feature modifications, and removal of vertices.

We developed software for pruning NHD data based on drainage areas upstream. Upstream drainage area values for NHD drainage network features are preprocess quantities required for pruning, or feature removal. Preprocessing a data layer in preparation for automated generalization is a common practice.  We developed software using Environmental Systems Research Institute (ESRI) tools to automate data preprocessing where necessary. Presentations of this work are available (CEGIS, 2007b), and an assessment of the preprocessing method was published (Stanislawski and others, 2007).

Planned Future Work The literature findings should be applied directly to The National Map, the methods of generalization for NHD need to be refined, and expanded to other  vector datasets including transportation, boundaries, and structure outlines (when available).

Building an Ontology for The National Map
Objectives The objectives of this project are to develop an ontology for the various features that comprise The National Map. The operational ontology should allow users to query and interact with the geospatial data through a semantic vocabulary.
Background and Approach The current (2007) evolving standards for the various themes of The National Map and the historic developments of Digital Line Graph-Enhanced (DLG-E), Digital Line Graph-Feature (DLG-F), and NHD formal specifications provide a cohesive basis for a new ontology that can support The National Map. The existing standards must be cast into the new environment of multi-scale representation, near real-time and Web access, and on-demand product generation. This can be accomplished only with a complete ontology of all features at all possible representation scales as the basis for feature and information retrieval from the multiple databases that comprise The National Map. This project will be the initial step to building such a comprehensive ontology and will use current (2007) GIScience methodologies developed in the ontology of geographic information that have evolved during the previous 5 years. Progress on this project is reported in Proceedings ICC 2007.
Multi-Resolution Raster Data for The National Map 

Objective Research and develop a Web implementation for fast and accurate reprojection and resampling of raster data for The National Map.
Results and Accomplishments We implemented the USGS mapimg software package on a variety of platforms, including Windows, linux, and Solaris. This software package is designed specifically for global projections of raster data, and solves many of the problems inherent in commercial offerings including areal and categorical distortion of raster cells and wrap-around effects. The software includes new categorical resampling methods that allow significantly better preservation of categories when downsampling, and includes a resampler for data of counts, such as population numbers. We developed an object-oriented version of the General Cartographic Transformation Package (GCTP). We previously presented and published several papers in refereed journals concerning this effort, which is a continuation of work on projections (CEGIS, 2007c).
Planned Future Work This project is proceeding by adapting the mapimg software and resampling algorithms to datasets for The National Map, developing the capability to apply the software in a Web environment through a Web browser, and  incorporating the ability to manipulate regional geospatial data [as is required by a state partner using a specific Universal Transverse Mercator (UTM) zone]. Open Geospatial Consortium (OGC) compliant software is being examined for rapid projection across the Web using grid computing technology.

Fractal and Variogram Analysis of Scale and Resolution Effects in Geospatial Data 
Objective Fractals and variograms are established methods to determine effects of scale and resolution in geospatial phenomena and processes. We are using these methods to examine the impacts of scale and resolution on data integration and generalization for The National Map and the NSDI. 

Background and Approach Building on earlier work with scale and resolution from the Automated Data Integration and Generalization projects, and applying fractal and variogram analyses to specific datasets, analytical methods may be established to achieve data integration and generalization limitations and parameters. We conducted preliminary analysis of fractal methods to interpolate terrain elevation from a set of seed values, or ground-control points. We also worked with lidar data and high resolution DEM’s for detection of geologic structures such as meteorite impact craters. This project is to bring these various research threads together to analyze specific effects of scale and resolution in data for The National Map. We will examine elevation, land cover, orthographic images, and hydrography data at various scales and resolutions to establish fractal dimensions of these datasets and their interrelations. Variograms will be developed to determine spatial autocorrelation effects and optimum scale parameters for the combination of these datasets. With the results of the fractal and variogram analyses, we hope to establish the optimum scales at which these datasets can be integrated and fused into a single geospatial product.

Discussion This is a pilot project to begin an analytical approach to accomplishing data integration and generalization for The National Map. This project is specifically focused on the raster datasets, elevation, land cover, and images and includes vector-based hydrography because of its close association with terrain elevation. We think it is essential to use our previous work on resolution effects on watershed analysis, data integration, generalization, and variogram analysis to establish analytical methods to handle multiple resolution datasets in The National Map and determine capabilities for accomplishing a seamlessly integrated product in positional and thematic integration. This proposed project will be connected with the continuing projects on data integration and generalization, providing analytical tools and methods to accomplish the objectives of those projects.

The CEGIS 2007 Prospectus
In July 2006, CEGIS issued a Prospectus and a call for proposals for 2007 fiscal year support. The call was issued Bureau-wide through USGS with the following requirements. The principal investigator on the project was required to be a USGS scientist; collaboration with other USGS disciplines, other Federal agencies, academia, and private industry was encouraged; cost-sharing was not required but was given preference. A total of 71 proposals were received and through a two-tier rigorous review process, seven proposals were selected for support totaling $851,341. The seven funded titles and investigators appear below with full proposals available (CEGIS, 2007d)
· Scaling, Extrapolation, and Uncertainty of Vegetation, Topographic, and Ecologic Properties in the Mojave Desert –  David R. Bedford, Leila Gass, Sue Phillips, Jane Belnap

· A Landscape Indicator Approach to the Identification and Articulation of the Ecological Consequences of Land Cover Change in the Chesapeake Bay Watershed, 1970 – 2000 – Peter Claggett, Janet Tilley, E. Terrence Slonecker 

· Assessing Local Uncertainty in Non-Stationary Scale-Variant Geospatial Data – Susan Colarullo
· Methods to Quantify Error Propagation and Prediction Uncertainty for USGS Raster Processing – Jason Gurdak, Sharon Qi 

· The Geoscience of Harmful Invasive Species: Integrating LANDFIRE and Invasive Species Data for Dynamic and Seamless Integration of Raster and Vector Data to Meet Management Needs at Multiple Scales – Thomas J. Stolgren, Zhi-liang Zhu, Catherine Janervich
· Mapping Inundation at USGS Stream Gage Sites: A Proof of Concept Investigation – James P. Verdin,  Kwabena O. Asante, Jerad Bales
· GEOLEM: Improving the integration of geographic information in environmental modeling through semantic interoperability – Barbara Buttenfield, Olaf David, Charles O’Hara, Roland Viger 

The NRC Study
The USGS contracted with the U.S. National Research Council to develop document for a long term (10 years) research agenda for CEGIS. The document will include topical areas of research within the scope of CEGIS that support The National Map and the U.S. NSDI. The NRC report will also include recommendations on operations and staffing within CEGIS. The intent is to develop a plan that will allow CEGIS to develop a small inhouse staff supported with affiliated scientists within the disciplines of USGS, other government agencies, academia, and private industry. The Prospectus discussed above is one of the operational modes for conducting CEGIS research with collaboration from other scientists.

Conclusions
The GIO established CEGIS to provide a basis for the USGS to conduct research in cartography and GIScience. The CEGIS mission to identify, conduct, and collaborate on GIScience research issues of national importance; to assess, influence, and recommend for implementation technological innovations for geospatial data and applications; and  to maintain world class expertise, leadership, and a body of knowledge in support of the NSDI, is being implemented by a combination of inhouse research projects, many of which are cartographic in nature, and collaboration with other government organizations, academia, and private industry. The cartographic research is occurring in areas of critical interest to the ICA and its commissions.
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