
	  

CaGIS Vol. 28, no. 4 (Oct 2001) 
by admin — last modified 2006-08-24 20:33 
CaGIS Vol. 28, no. 4 
Reflections on Mapping Census 2000 
Cynthia A. Brewer 
Mapping Census 2000: The Geography of U.S. Diversity is an atlas 
containing 75 maps and presenting county- and state-level data for 
Census 2000. Cynthia Brewer and Trudy Suchan rapidly produced the 
atlas in the Population Division of the U.S. Census Bureau using ArcInfo 
8.1 prerelease software. Redistricting data, on which the atlas was based, 
were released in March 2001 and the full-color atlas went to press in July 
2001. It is the first decennial atlas produced by the Census Bureau in 80 
years. Race maps in the atlas are designed to present the new Census 
2000 data that include counts of people who indicated more than one 
race. Choropleth classifications are constructed to facilitate comparison 
among maps in series for all race/ethnicity groups, both large and small. 
Map series share breaks that are adjusted to include meaningful breaks 
based on overall U.S. percentages for individual groups. Additional 
shared meaningful breaks, such as “no change” and “50 percent of the 
population” also anchor classifications. Maps of prevalent groups and 
diversity provide syntheses of race/ethnicity data. Maps were evaluated at 
numerous levels in the Census Bureau, with issues from topic selection to 
page layout to title wording debated by many people. The essay describes 
the production processes, agency standards, and cartographic principles 
that come together to present these new data in an atlas that is a colorful 
showpiece. 
KEYWORDS: Census 2000, atlas, map design, choropleth classification, 
population, diversity 
 
On the Uncertainty of Local Shape of Lines and 
Surfaces 
Bernhard Schneider 
Modeling line or surface phenomena digitally involves two tasks: 
discretization of the phenomenon, which yields a finite set of data, and 



subsequent interpolation, which reconstructs the continuum. Many 
mathematical techniques exist for the latter task, and most methods 
require a number of parameters to be specified. The shape of digital line 
or surface models between the data points (that is, the local shape) and 
the information derived from these models both depend on the selected 
method and, possibly, on the specification of parameters. The 
reconstruction of the continuum thus introduces uncertainty. This paper 
examines the sources and effects of this type of uncertainty. For this 
purpose, the modeling of lines and surfaces is separated into an 
abstraction, an implementation, and measurement. The individual factors 
affecting uncertainty of local shape in each step are identified and 
discussed. The paper concludes that local shape uncertainty, unlike 
positional uncertainty of given data, cannot be numerically assessed. 
Instead, measures of plausibility have to be used to denote the quality of 
digital models of lines and surfaces. Finally, the concept and potential 
problems of future empirical investigations are discussed. 
KEYWORDS: Spatial modeling; digital line and surface models; uncertainty 
of local shape of line and surface models; model quality; abstraction; 
interpolation; scale 
 
Developing Web-based Mapping Applications 
Through Distributed Object Technology 
Xuan Zhu 
Emerging web-based mapping technologies use the World Wide Web 
(WWW) and Internet protocols to provide the ability to distribute, access, 
and visualize geospatial information over the Internet. Many web-based 
mapping applications have been developed to deliver geospatial 
information within and across organizations and even to the public at 
large. A major technological challenge is to achieve interoperability 
amongst web-based mapping applications so that mapping and 
geoprocessing resources distributed over the Internet can be shared and 
integrated. This paper presents an approach to the development of web-
based mapping applications using distributed object technology in order 
to enable interoperability. Distributed object technology combines object 
technology, which utilizes reusable software components (called objects) 



that model real-world entities to build software systems, and distributed 
computing, which allows computing resources to be distributed and 
accessed over computer networks. The paper introduces a distributed 
object technology, the Common Object Request Broker Architecture 
(CORBA); proposes an architecture for web-based mapping using CORBA; 
and presents a prototype implementation. 
KEYWORDS: Web-based mapping, the World Wide Web, distributed object 
technology, CORBA 
 
Extracting High Points from Statistical Surfaces: 
A Case Study Using Digital Elevation Models 
Elizabeth A. Wentz, Michael Kuby, and Brandon J. Vogt 
We introduce and test an algorithm for extracting high-point locations 
from statistical surface data. The algorithm uses map algebra and local 
neighborhood analysis via three key parameters: minimum vertical gain, 
vertical gain neighborhood, and horizontal separation neighborhood. 
Though the method is applicable to any x,y,z data set, we tested it on 
1:250,000 digital elevation models (DEMs) for Arizona. The resulting high 
points were compared quantitatively with an independent data set of 
named summits from the USGS Geographic Names Information System 
(GNIS). The comparison showed that, on an aggregate basis, the 
extraction method can approximate the number and spatial pattern of 
high points when compared to the GNIS points. However, extraction by 
neighborhood analysis may consistently misdiagnose certain features, 
such as the edges of troughs (e.g., canyon rims). 
KEYWORDS: Statistical surface, digital elevation model (DEM), feature 
extraction, high point, summit 
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Representing Complex Geographic Phenomena 
in GIS 
May Yuan 
Conventionally, spatial data models have been designed according to 
object- or field-based conceptualizations of reality. Conceptualization of 
complex geographic phenomena that have both object- and field-like 
properties, such as wildfire and precipitation, has not yet been 
incorporated into GIS data models. To this end, a new conceptual 
framework is proposed in this research for organizing data about such 
complex geographic phenomena in a GIS as a hierarchy of events, 
processes, and states. In this framework, discrete objects are used to 
show how events and processes progress in space and time, and fields 
are used to model how states of geographic themes vary in a space-time 
frame. Precipitation is used to demonstrate the construction and 
application of the proposed framework with digital precipitation data 
from April 15 to May 22, 1998, for the state of Oklahoma, U.S.A. With the 
proposed framework, two sets of algorithms have been developed. One 
set automatically assembles precipitation events and processes from the 
data and stores the precipitation data in the hierarchy of events, 
processes, and states, so that attributes about events, processes, and 
states are readily available for information query. The other set of 
algorithms computes information about the spatio-temporal behavior 
and interaction of events and processes. The proposed approach greatly 
enhances support for complex spatio-temporal queries on the behavior 
and relationships of events and processes 
 
Improving the Quality of Mass Produced Maps 
Jeff Simley 
Quality is critical in cartography because key decisions are often made 
based on the information the map communicates. The mass production 



of digital cartographic information to support geographic information 
science has now added a new dimension to the problem of cartographic 
quality, as problems once limited to small volumes can now proliferate in 
mass production programs. These problems can also affect the 
economics of map production by diverting a sizeable portion of 
production cost to pay for rework on maps with poor quality. Such 
problems are common to general industry-in response, the quality 
engineering profession has developed a number of successful methods to 
overcome these problems. Two important methods are the reduction of 
error through statistical analysis and addressing the quality environment 
in which people work. Once initial and obvious quality problems have 
been solved, outside influences periodically appear that cause adverse 
variations in quality and consequently increase production costs. Such 
errors can be difficult to detect before the customer is affected. However, 
a number of statistical techniques can be employed to detect variation so 
that the problem is eliminated before significant damage is caused. 
Additionally, the environment in which the workforce operates must be 
conducive to quality. Managers have a powerful responsibility to create 
this environment. Two sets of guidelines, known as Deming's Fourteen 
Points and ISO-9000, provide models for this environment. 
KEYWORDS: Cartographic production, quality engineering, geospatial 
data, normal variation, process capability, control chart, quality 
environment, ISO-9000. 
 
Modifications of Tanaka's Illuminated Contour 
Method 
Patrick Kennelly and A. Jon Kimerling 
Visualization of topography can be greatly facilitated by the illuminated 
contour method. This method, popularized in a hand-drafted map by 
Tanaka, uses a gray background with black and white contours. A 
direction of illumination is assumed, and white contours represent 
illuminated topography, while black contours represent non-illuminated 
or shaded areas. Additionally, thickness of contours varies with the 
cosine of the angle between the azimuth of maximum slope (i.e., aspect) 
and the azimuth of illumination. We modified Tanaka's method by basing 



thickness of contour lines on twice the cosine of the angle between the 
surface normal and the illumination vector. The cosine of this angle is 
most commonly used in analytical hill shading. In addition, we present 
maps with changes in other visual variables and offer our evaluations. 
Lines with gray tones instead of black and white lines do not improve the 
illumination effect. We believe variations in the colors of contours and 
background with elevation can visually enforce information regarding 
topography. Our use of colors for aspect and variations in the width of 
contours for slope adds information to the map but does not assist with 
visualization of topography. 
KEYWORDS: Illuminated contours, Tanaka method, relief contour method, 
analytical hill shading, aspect-slope map, MKS-ASPECTTM, geographic 
visualization 
 
Dasymetric Mapping and Areal Interpolation: 
Implementation and Evaluation 
Cory L. Eicher and Cynthia A. Brewer 
Dasymetric maps display statistical data in meaningful spatial zones. 
Such maps can be preferable to choropleth maps that show data by 
enumeration zones, because dasymetric zones more accurately represent 
underlying data distributions. Though dasymetric mapping has existed 
for well over a century, the methods for producing these maps have not 
been thoroughly examined. In contrast, research on areal interpolation 
has been more thorough and has examined methods of transferring data 
from one set of map zones to another, an issue that is applicable to 
dasymetric mapping. Inspired by this work, we tested five dasymetric 
mapping methods, including methods derived from work on areal 
interpolation. Dasymetric maps of six socio-economic variables were 
produced for a study area of 159 counties in the eastern U.S. using 
county choropleth data and ancillary land-use data. Both polygonal 
(vector) and grid (raster) dasymetric methods were tested. We evaluated 
map accuracy using both statistical analyses and visual presentations of 
error. A repeated-measures analysis of variance showed that the 
traditional limiting variable method had significantly lower error than the 
other four methods. In addition, polygon methods had lower error than 



their grid-based counterparts, though the difference was not statistically 
significant. Error maps largely supported the conclusions from the 
statistical analysis, while also presenting patterns of error that were not 
obvious from the statistics. 
KEYWORDS: Dasymetric mapping, areal interpolation, mapping census 
data, map error 
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Research Challenges in Geovisualization 
Alan M. MacEachren and Menno-Jan Kraak 
This special issue of Cartography and Geographic Information Science 
presents the results of an international collaboration to delineate a four-
part research agenda for geovisualization. Geovisualization integrates 
approaches from visualization in scientific computing (ViSC), cartography, 
image analysis, information visualization, exploratory data analysis (EDA), 
and geographic information systems (GISystems) to provide theory, 
methods, and tools for visual exploration, analysis, synthesis, and 
presentation of geospatial data (with data having geospatial referencing). 
Primary themes addressed here are representation of geospatial 
information, integration of visual with computational methods of 
knowledge construction, interface design for geovisualization 
environments, and cognitive/usability aspects of geovisualization. The 
International Cartographic Association (ICA) Commission on Visualization 
and Virtual Environments took the lead in developing this comprehensive 
research agenda by organizing an international team to address each 
theme. The teams included both Commission members and others active 
in geovisualization and related areas. Participants represent a range of 
disciplines and include representatives from government and the private 
sector, as well as academic researchers. Each team was assisted by an 
expert from outside geographic information science who provided critical 



review of white papers prior to completion of final manuscripts. The full 
set of manuscripts was then submitted for formal peer review. The 
research agenda development process is detailed on the Commission’s 
web site at: www.geovista.psu.edu/icavis. In this essay, we provide an 
overview of the organizational, technological, and scientific contexts for 
this research agenda setting effort, emphasizing changes in each that 
prompted the project at this time. Next, we outline the core issues 
identified within each agenda theme and summarize challenges 
identified. Then, four crosscutting challenges are delineated. We conclude 
with recommendations for action. 
 
Representation and its Relationship with 
Cartographic Visualization 
David Fairbairn, Gennady Andrienko, Natalia Andrienko, Gerd Buziek and 
Jason Dykes 
A research agenda is presented which addresses the current role and 
potential of map displays. By considering the geospatial data used in 
visualization, the form and design of maps, the purposes for which map 
displays are created, the nature of the map user community, and the 
technology employed to visualize geospatial data, a thorough overview of 
the nature of cartographic visualization is given. Under the same themes, 
and sourced in cartographic tradition, cartographic practice and 
technological opportunities, a series of possible research avenues are 
highlighted. The important links between representation and the user 
interface, map user cognition and the geospatial database are stressed. 
KEYWORDS: Visualization, cartographic representation, map use, map 
user interaction, cartographic semantics, map display technologies. 
The Integration of Geographic Visualization with Knowledge Discovery in 
Databases and Geocomputation Mark Gahegan, Monica Wachowicz, Mark 
Harrower and Theresa-Marie Rhyne 
This paper details the research agenda of the International Cartographic 
Association Commission on Visualization: Working Group on Database-
Visualization Links. The paper stresses the need for the closer integration 
of three largely disparate technologies: geographic visualization, 
knowledge discovery in databases, and geocomputation. The introduction 



explains the meaning behind these terms, the ethos behind their 
practice, and their connections within the broad realm of knowledge 
construction activities. The state of the art is then described for different 
approaches to knowledge construction, concentrating where possible on 
visual and geographically oriented methods. From these sections, a 
research agenda is synthes ized in the form of three sets of research 
questions addressing: (1) visual approaches to data mining; (2) visual 
support for knowledge construction and geocomputation; and (3) 
databases and data models that must be satisfied to make visually-led 
knowledge construction a reality in the geographic realm. Conclusions 
relate this agenda to issues of (1) data, (2) geographic knowledge, and (3) 
the visualization environment and pose significant challenges to the way 
we currently represent geographic information and knowledge within 
computational systems. 
 
Geospatial Information Visualization User 
Interface Issues 
William Cartwright, Jeremy Crampton, Georg Gartner, Suzette Miller, Kirk 
Mitchell, Eva Siekierska and Jo Wood 
User interfaces for geospatial information are the tools by which users 
interact with and explore that information. The provision of appropriate 
interface tools for exploiting the potential of contemporary geospatial 
visualization products is essential if they are to be used efficiently and 
effectively. This paper addresses issues and challenges in interface 
development and usage that are identified as paramount within the 
geospatial visualization community. 
KEYWORDS: Interface, interactivity, navigation, collaboration, metaphors, 
usability. 
 
Cognitive and Usability Issues in Geovisualization 
Terry A. Slocum, Connie Blok, Bin Jiang, Alexandra Koussoulakou, Daniel 
R. Montello, Sven Fuhrmann, and Nicholas R. Hedley 
We provide a research agenda for the International Cartographic 
Association’s Commission on Visualization and Virtual Environment 
Working Group on Cognitive and Usability Issues in Geovisualization. 



Developments in hardware and software have led to (and will continue to 
stimulate) numerous novel methods for visualizing geospatial data. It is 
our belief that these novel methods will be of little use if they are not 
developed within a theoretical cognitive framework and iteratively tested 
using usability engineering principles. We argue that cognitive and 
usability issues should be considered in the context of six major research 
themes: 1) geospatial virtual environments (GeoVEs); 2) dynamic 
representations (including animated and interactive maps); 3) metaphors 
and schem ata in user interface design; 4) individual and group 
differences; 5) collaborative geovisualization; and 6) evaluating the 
effectiveness of geovisualization methods. A key point underlying our use 
of theoretical cognitive principles is that traditional cognitive theory for 
static two-dimensional maps may not be applicable to interactive three-
dimensional immersive GeoVEs and dynamic representations—thus new 
cognitive theory may need to be developed. Usability engineering extends 
beyond the traditional cartographic practice of “user testing” by 
evaluating software effectiveness throughout a lifecycle (including design, 
development, and deployment). Applying usability engineering to 
geovisualization, however, may be problematic because of the novelty of 
geovisualization and the associated difficulty of defining the nature of 
users and their tasks. Tackling the research themes is likely to require an 
interdisciplinary effort involving geographic information scientists, 
cognitive scientists, usability engineers, computer scientists, and others. 
KEYWORDS: Geospatial virtual environments, animated maps, interactive 
maps, metaphors, collaborative geovisualization, usability engineering, 
research agenda. 
 
	  


