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Abstract

This report describes the results of NCGIA Research Initiative 14 on “GIS and Spatial Analysis.”
After an introduction, it assesses the initiative in detail, according to five criteria: research
accomplished, research agenda development, contribution to GIS education, implications for
science policy, and comments on the research initiative process. Included in the report are a list of

participants at the initiative's specialist meeting, and a table of contents for the recently held
meetings on GIS and Spatial Analysis in Bristol.



1. Background

There is an increasing demand for GISs to include the ability to analyze the spatial data that they
store and display. However, traditional forms of statistical analysis are often unsuitable for spatial
applications, or are not easly generalizable to the spatia domain. Space, being more than
unidimensional, creates a unique set of problems and impediments for the analyst. This initiative
focused upon the interface between these spatial statistical problems and geographic information
systems, a major goa being to advance the capabilities of GIS in facilitating spatial Statistica
analyses.

1.1 History of the Initiative

A proposal for a Nationa Center for Geographic Information and Analysis (NCGIA) Initiative on
Geographic Information Systems (GIS) and Spatial Analysis was first submitted to the Scientific

Policy Committee of the NCGIA in March of 1989. It was formally resubmitted in June of 1991

after being divided into separate proposals for initiatives in “GIS and Statistical Analysis” and “GIS
and Spatial Modeling”. The essence of the former of these two proposals was accepted and
evolved into the more generic “GIS and Spatial Analysis” initiative that was approved, with the
expectation that an initiative emphasizing spatial modeling would take place at a later date.

The initiative was led by Stewart Fotheringham and Peter Rogerson. The Specialist
Meeting was held at Humphrey's Half Moon Inn, in San Diego, CA. This meeting was held in
April of 1992, just prior to the annual meetings of the Association of American Geographers (which
were also held in San Diego). This resulted in significant cost savings on NCGIA-related travel; we
were also able to attract an excellent set of participants without offering travel expenses.
Approximately $2,000 was also donated by the Mathematical Models Commission of the
International Geographical Union toward the cost of the Specialist Meeting. Of the 40 participants,
26 were academics, and the remainder were from government agencies and the private sector. A
list of participants is included as an appendix to this report.

A full paper was required of all academic participants, and all complied. A subset of the
papers were selected for presentation on Day One of the meeting. Based on the content of these
papers, participants were divided into four working groups for Days Two and Three of the meeting.
The working groups were as follows:

Linkages Between Spatial Analysis and GIS

Spatial Data Analysis and GIS

Pattern Recognition, Complexity, and Data Models
Locational Analysis and Planning Applications with GIS.

Full reports of these working groups may be found in the Report on the Specialist MeEBig (
Report 92-11; Fotheringham and Rogerson, 1992), together with abstracts submitted by each
participant.



The impetus for this NCGIA Research Initiative was the relative lack of research into the
integration of spatial analysis and GIS, and the potential advantages in developing such an
integration. From a GIS perspective, there is an increasing demand for systems that “do something”
other than display and organize data. From the spatial analytical perspective, there are advantages
to linking statistical methods and mathematical models to the database and display capabilities of a
GIS. Although the GIS may not be absolutely necessary for spatial analysis, it can facilitate such
analysis and may even provide insights that would otherwise be missed. It is possible, for example,
that the easy representation of spatial data and model results within a GIS could lead to an
improved understanding both of the attributes being examined and of the procedures used to
examine them. This NCGIA Research Initiative helped to lead the way in describing the potential
of GIS for facilitating spatial analytical research. A facet of the initiative conceived at an early
stage was its focus on substantive applications in the social sciences. There is however an equally
strong potential for interaction between GIS and spatial analysis in the physical sciences.

The objectives of the initiative are in keeping with the aims of the National Center, as
identified in the original guidelines from the National Science Foundation. The original solicitation
for a National Center for Geographic Information and Analysis circulated by the National Science
Foundation in 1987 contained as one of its four goals to “advance the theory, methods, and
techniques of geographic analysis based on geographic information systems in the many disciplines
involved in GIS research” (National Science Foundation, 1987, p. 2). The solicitation also notes
that the research program of the NCGIA should address five general problem areas, including
“improved methods of spatial analysis and advances in spatial statistics.”

Geographic information systems initially developed as tools for the storage, retrieval, and
display of geographic information. Capabilities for the geographic analysis of spatial data were
either poor or lacking in these early systems. Following calls for better integration of GIS and the
methods of spatial analysis, various alternatives have now been suggested for such an integration
(Openshaw 1990; Haining and Wise 1991; Rowlingson et al. 1991). As Fotheringham and
Rogerson (1993) note, “progress in this area is inevitable and ... future developments will continue
to place increasing emphasis upon the analytical capabilities of GIS.”

Consideration of the integration of spatial analysis and GIS leads naturally to two questions:
(1) how can spatial analysis assist GIS, and (2) how can GIS assist spatial analysis? Under these
general headings, a myriad of more specific questions emerge. The following are representative
(but not exhaustive) specific questions given to participants prior to the specialist meeting:

1.  What restrictions are placed on spatial analysis by the modifiable areal unit problem and
how can a GIS help in better understanding this problem?

2. How can GIS assist in exploratory data analysis and in computer-intensive analytical
methods such as bootstrapping and the visualization of results?



3. How can GIS assist in performing and displaying the results of various types of sengitivity
analysis?

4, How can the data structures of a GIS be exploited in spatial analytical routines?

5. What are the important needs in terms of a user interface and language for spatial analysis
performed on aGIS?

6.  What are some of the problemsin spatial analysis that should be conveyed to a GIS user and
how should these problems be conveyed?

1.2 Outline of this Report

The remainder of this report addresses the five questions to be answered in closing reports for
Initiatives (as suggested by a subcommittee of the NCGIA Board of Directors). In the next section,
we describe research accomplished and progress on the research agenda. In Section 3, we discuss
the contribution of the initiative to GIS education. In Section 4, on science policy, we discuss
recommendations to promote further advancement of knowledge in this area. In Section 5, we
discuss the research initiative processes. The report concludes with sections that document
publications related to the initiative, and appendices of meeting participants, etc.

2. Resear ch Accomplished and Progress on the Resear ch Agenda

() What do we know now that we did not know before about the questions addressed by the
initiative?

(b) How has the research agenda in this area changed as a consequence of activities of the
initiative?

The specialist meeting resulted in the publication of two substantial works. A book entitled Spatial
Analysis and GIS edited by Fotheringham and Rogerson, contains a subset of the papers prepared
for the specialist meeting, and was published in 1994 by Taylor and Francis. A special issue of the
relatively new journal Geographical Systems, with Fotheringham and Rogerson as Guest Editors,
also contains a subset of the papers prepared for the specialist meeting; this special issue aso
appeared in 1994.

A brief description of these publications reveadls the nature of the work that was
accomplished by the participants of the specialist meeting. The book is divided into three maor
sections. The first section is entitled “Integrating GIS and Spatial Analysis: An Overview of the
Issues.” The papers in this section focus upon some of the broader issues associated with the
integration of spatial analysis and GIS. All of the authors provide assessments of the potential
benefits of improved linkages, and they are unanimously positive and optimistic in their evaluation



of that potential. They find room for contributions of both exploratory and confirmatory statistical
analyses operating in concert with GIS. The second section is “Methods of Spatial Analysis and
Linkages to GIS.” The beginning of the section continues to focus on the very substantial benefits
to be gained from linking exploratory data analysis and GIS. The other papers in this section pay
more attention to the specific linkages between spatial analysis and GIS, including the role of
object-oriented programming in facilitating the development of spatial models within GIS. The
final section of the book is headed “GIS and Spatial Analysis: Applications.” These applications
provide an “up close” look at some of the details of linking spatial models and GIS, thereby
exposing some of the problems encountered, along with the benefits achieved.

The special issue dBeographical Systems on Spatial Analysis and GIS contains five
papers, as well as an introduction by Fotheringham and Rogerson. These include some of the more
technical papers from the specialist meeting. The papers are in many ways diverse in the problems
they address, but they all have important implications for the interface between spatial analysis and
geographic information systems. Among the areas of focus are multivariate spatial models, the
estimation of correlograms, expert systems, and cellular dynamics. Paul Densham discussed the
variety of strategies that may be followed in integrating spatial analysis and GIS, including the
programmer's perspective, the user's perspective, and the conceptual perspective. He concludes
with the important point that “to develop effective...systems...with reasonable expenditures of time,
effort, and money, GIS must provide better tools for integrating modeling capabilities....Modelers
and analysts must either take a proactive role in the conceptual design of GIS...or they must accept
thestatus quo.”

Following the specialist meeting, the work of the initiative proceeded in a coordinated
fashion at the Buffalo and Santa Barbara NCGIA sites and at sites outside the center. The
publications resulting from these activities are listed below, along with the publications arising
from the specialist meeting. Among other areas, significant advances were made in linking spatial
and statistical analysis to GIS; in developing teaching materials in the subject matter of the
initiative; in furthering our understanding of significant and persistent problems such as the
modifiable areal unit problem (MAUP) and areal interpolation; in advancing the theory and
methods of spatial statistics, and disseminating the results in the form of a software package (Luc
Anselin's SPACESTAT); in working with the software industry to advance the functionality
available through their products; in spatial data analysis methods for the spherical surface; and in
further developing our techniques of exploratory spatial data analysis.

Several significant meetings were held during the lifetime of the initiative, either to explore
significant topics within the overall agenda, or to advance the objectives of the initiative through
collaboration with other groups. Numerous presentations were made by the leaders and principal
participants on the work of the initiative. In February 1993 Luc Anselin (Santa Barbara) organized
a workshop in Santa Barbara with the specific objective of furthering the methodology of
exploratory spatial data analysis (ESDA); it was attended by 25 participants from the U.S., UK, and
Ireland, who presented papers, demonstrated software, and discussed prospects for future research.
A subsequent meeting on ESDA was held in Augsburg in October 1994 under the auspices of the



European Science Foundation's GISDATA program. In December 1993 the GISDATA program
held its own specialist meeting on GIS and Spatial Anaysis in Amsterdam, at which the NCGIA
initiative was represented by Luc Anselin (West Virginia University) and Nod Cressie (lowa State),
and an associated book isin press. Further details on these and other initiative activities can be
found in the Annual Reports of the center for Years 4, 5, and 6.

Several genera themes have emerged from the initiative. One concerns the relationship
between GIS and exploratory and confirmatory modes of analysis and which is the subject of
commentary elsewhere (Fotheringham, 1993). The adjective “exploratory” usually describes those
analytical methods where the resgliggest hypotheses, while “confirmatory” analyses are used to
test hypotheses, although the distinction between the two is at times fuzzy and there are several
types of statistical analysis that could fall into both areas. Although connections between GIS and
confirmatory statistical packages have been established, there is great potential for new insights in
the combination of GIS and exploratory techniques. GIS are data rich and contain excellent display
capabilities; exploratory data analysis is data-hungry and generally visual. Real gains in exploratory
spatial data analysis may result from the integration with GIS; Fotheringham (1993) describes
several specific areas of research that could profit from this integration.

A second general theme is that of the relationship between GIS and the development of
geographic theory. Much empirical based research suggests theory or tests it, both actions being
integral components of the development process. GIS should be seen as a tool which can assist in
the development of geographic theory through facilitating empirical research. The integration of
GIS and spatial analysis is aimed therefore at only a subset of spatial analysis; that which deals with
applied spatial modeling and with empirical analysis. Within those limits, the technology should
prove extremely useful. There is an opportunity to utilize the power of GIS technology to help
understand some basic geographic problems such as the sensitivity of analytical results to zone
definition, the nature of spatial nonstationarity, and the definition of spatial outliers.

Finally, it remains to be seen what further insights into the analysis of spatial data will be
generated by the access to excellent display capabilities, database operations, and spatial querying
facilities a GIS provides. The next decade should see a surge in interest in spatial analysis both
from within geography and from other academic disciplines as well as the private sector. It is
therefore inevitable that geographic information systems will have increasingly sophisticated spatial
analytical capabilities; this volume serves to signal what lies ahead. It is perhaps fair to say that we
have spent to this point spent a large amount of time “reinventing the wheel”, that is, getting
methods that are already operational running in a GIS environment. It is now time, and the future
seems promising, to go beyond this to use the capabilities of GIS to enhance models and methods
and to make them more efficient.



3. Contribution to GI S Education

How has the education of GIS scientists been enhanced by the initi ative?*

There have been both direct and indirect effects on the education of GIS scientists. A number of
students, including Andrew Curtis and Pasquale Pellegrini at Buffalo, and Uwe Delchmann at Santa
Barbara, are carrying out their Ph.D. dissertations in areas directly related to the initiative. The
software described in section 6.7 will aso prove instrumental in training future generations of GIS
scientists, as will some of the publications by speciaist meeting participants. For example,
Rogerson and others are planning to use the new book by Bailey and Gatrell (Interactive Spatial
Analysis), which is bundled with the INFO-MAP software, in graduate level training.

4. Science Policy

Does NCGIA have any recommendations to Academe, Professional Organizations, or to NSF on
policy decisions that would promote the further advancement of knowledge in the research area
addressed by the initiative?

In Section 5 of the closing report for Initiative 13, on User Interfaces for Geographic Information
Systems, it was suggested that “topics in the form 'GIS and X' may imply separability of substantive
and technical aspects which cannot and should not be separated.” We hope that the title of
Initiative 14, “Spatial Analysis and GIS,” does not connote such separability. In fact we feel that it
Is extremely important to emphasize the coupling of GIS with other endeavors such as spatial
analysis. The ultimate strength of GIS in maintaining and improving the strength of the discipline
in geography may well lie not in GIS per se, but rather in how geographers manage to use their
comparative advantage in areas such as spatial statistics and modeling together with GIS.

YIt might be more appropriate for the question above to refer to the training of scientists in the
area of geographic information systems and geographic analysis_this initiative in particular does not
have as its goal the education of “GIS scientists”, but rather the training of students in the interface
between GIS and spatial analysis.



5. The Research I nitiative Process

What were the strengths and weaknesses of the research initiative process in facilitating the
research in the initiative?

Strengths

The initiative process worked very well for 114. The primary intent was to call further attention to,
and to encourage research in, the integration of GIS and spatial analysis. The large and significant
set of subsequent work spawned by the specialist meeting participants over the last two and one-
half years signals the success of this effort. The specialist meeting format_with the first day
dedicated to paper presentation, and the second and third days devoted to small groups and
discussion, worked well. Numerous activities (e.g., the collaborative book by Bailey and Gattrell
and the genesis of the new journal Geographical Systems) trace part of their origins to the specialist
meeting.

The initiative process aso worked well in leading to tangible and significant publication
outlets for specialist meeting papers (namely, the book Spatial Analysis and GIS edited by
Fotheringham and Rogerson, and the special issue of Geographical Systems, aso edited by
Fotheringham and Rogerson). It also supported subsequent meetings, presentations, and
workshops; research by center and other faculty and students on initiative topics, and publication of
results.

W eaknesses

One aspect of the initiative process that is a bit nebulous to participants is what is expected from

them for the period following the specialist meeting. The specialist meeting of course serves to
stimulate collaboration among participants, and “kicks off” research by NCGIA researchers in the
area, but one could argue that more in the way of followup events would help to maintain continuity
over the life of the initiative. In the case of 114, the Bristol meeting held in the Spring of 1994
helped to serve in this regard, and various conference sessions brought together researchers in the
area of spatial analysis and GIS. However, it would be desirable to have a newsletter (one was
originally planned for 114, but did not materialize) or some similar device to keep people in touch
with one another regarding recent work. A newsletter alone would likely not suffice_what is
needed is some sort of vehicle (e.g., small, intensive workshops or funds earmarked for
collaborative efforts) to stimulate collaboration and group efforts.

Other commentsrelated to theresear ch initiative

Art Getis responded to the call for I-14 related progress with the following:



“The field of GIS and spatial analysis is an active one. | have noticed an increased interest among
students for analysis in a GIS framework. Now that | am intimately associated with the new
journal, Geographical Systems, | have become aware of a longing among academic GIS
practitioners to develop analytically challenging uses for GIS in such fields as spatial decision
support systems, neural nets, fuzzy sets, spatial statistics, and spatial modeling. In some ways, the
development of this journal is related to the excitement stimulated by the NCGIA Initiative-14
conferences.

The initiative played a useful role in focusing attention on the development of and problems
related to GIS and spatial analysis. While it sometimes appears as though the field is not moving
rapidly enough because of the lag between discovery and innovation and the inclusion of new ideas
into commercially available software packages, in the final analysis it is evident that the link is an
active one and progress is being made. One would hope that vendors would continue to stay in
touch with academics and that there would be more opportunities for the two to meet.

| hope that Initiative-14 continues in some form. There is the danger that a relaxation of
institutionalized interest may impede further development of communication links between
interested parties and the dissemination of ideas and innovations. The conferences and resulting
publications have done a great deal to encourage new and useful work.”
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6. RESEARCH PUBLICATIONSAND SOFTWARE PRODUCTS
6.0 Preface

The following lists represent a subset of the work that has taken place on initiative-related topics
since the specialist meeting. Due to aless than 100% response from specialist meeting participants
for 1-14 related work, the lists are not complete. Inevitably, some material that is related to the
initiative in a peripheral way may be included, but the list has been pared reasonably well in this
regard. Again, there are undoubtedly many other papers, software programs, etc. that have been
completed, and which are directly related to theinitiative.

6.1 Refereed Journal Articles

Ansdin, L., and A. Getis. 1992. Spatial statistical analysis and geographic information systems.
Annals of Regional Science 26: 19-33.

A discussion of the role of spatial statistical analysis within a GIS. The emphasisis on the
implications of the choice of data modd for statistical analysis and the role for exploratory
gpatial data analysis (ESDA) versus confirmatory analysis. The paper also discusses the
implications of GIS and GIA for research in regional science in general.

Ansdin, L., and S. Hudak. 1992. Spatial econometrics in practice: a review of software options.
Regional Science and Urban Economics 22(3): 509-536.

Batty, M., and Y.C. Xie. 1994. Modelling inside GIS. 1. Mode structures, exploratory spatial data
analysis and aggregation. International Journal of Geographical Information Systems 8(3):
291-307.

Batty, M., and Y.C. Xie. 1994. Moddlling insde GIS. 2. Selecting and calibrating urban models
using ARC/INFO. International Journal of Geographical Information Systems 8(5): 451-
470.

Cressie, N., and J.D. Helterbrand. 1994. Multivariate spatial statistical models. Geographical
Systems 1: 179-88.

One of the strengths of a geographic information system (GIS) is its capability to handle
multiple layers of information through common georeferencing. Thus, statistical methods
that are both multivariate and spatial should, along with the GIS, be an integral part of the



“analysis engine” that interfaces between multivariate spatial data and multivariate spatial
models. Any analysis of (multivariate spatial) data has its roots in a more or less vaguely
specified statistical model. This paper brings together several well-known multivariate

spatial statistical models and asks what data analytic tools they engender.

De Cola, L., and N. Montagne. 1993. The Pyramid system for multiscale raster aGalygisters
and Geosciences 19: 1393-1404.

De Cola, L. 1994. Simulating and mapping spatial complexity using multiscale techniques.
International Journal of Geographical Information Systems 8: 411-427.

A central problem in spatial analysis is the mapping of data for complex spatial fields using
relatively simple data structures, such as those of a conventional GIS. This complexity can
be measured using such indices as multi-scale variance, which reflects spatial
autocorrelation, and multi-fractal dimension, which characterizes the values of fields.
These indices are computed for three spatial processes: Gaussian noise, a simple
mathematical function, and data for a random walk. Fractal analysis is then used to produce
a vegetation map of the central region of California based on a satellite image. This
analysis suggests that real world data lie on a continuum between the simple and the
random, and that a major GIS challenge is the scientific representation and understanding of
multi-scale fields.

Densham, P.J. 1994. Integrating GIS and spatial modeling: Visual interactive modeling and
location selectionGeographical Systems 1: 203-219.

A variety of strategies can be used for integrating GIS and spatial modeling. These
strategies can be viewed from several perspectives: the technical or programmer's
perspective; the functional or user's perspective; and the conceptual perspective. Each
perspective is discussed and used to evaluate software integrating location selection and
GIS capabilities. When evaluated from the functional perspective, these systems are shown
to support only a restricted form of human-computer interaction. GIS model linkages that
support higher forms of human-computer interaction are discussed.

Ding, Y., and A.S. Fotheringham. 1992. The integration of spatial analysis andoGi$wuters,
Environment and Urban Systems 16(1): 3-19.

Dubin, R.A. 1994. Estimating correlograms: A Monte Carlo stu@eographical Systems 1:
189-202.

In analyzing data that is spatially arrayed, it is often necessary to measure the spatial
dependence between the observations. This dependence may be summarized by a
correlogram or, alternatively, a variogram. These functions model the relationship between
two observations as a function of the distance separating them. Estimating the parameters



of either the correlogram or the variogram provides a measure of the spatial dependence in
the data Estimating these parameters is, however, not straightforward. Different
techniques have been proposed in the literature for this purpose. In this paper, | use Monte
Carlo experiments to examine the performance of four different estimation techniques.

Engelen, G., R. White, I. Uljee, P. Drazan. 1995. Using cellular automata for integrated modeling
of socio-environmental systems. Environmental Monitoring and Assessment 34(2): 203-
214.

Fischer, M.M. 1994. Expert systems and artificial neura networks for spatial anaysis and
modeling: Essential components for knowledge-based geographical ilnformation systems.
Geographical Systems 1: 221-235.

Current commercially available geographic information systems tend to suffer from three
major limitations: first, the logical foundation based on the classical concept of Boolean
logic and classical set theory which do not tolerate imprecision in information; second, the
limited built-in analytical and modeling functionality; and third, the low level of intelligence
in terms of knowledge representation and processing. Geographical problems are highly
complex in nature, and effective solutions require an intelligent use of large data bases,
structured and unstructured knowledge. This paper makes a modest attempt to describe the
architecture of a knowledge based geographic information system from a smplified view.
Emphasisislaid on discussing the spatial expert system and the neural network components
In conceptual rather than in technical terms.

Fotheringham, A.S. 1993. On the future of spatial analysis: the role of GIS. Environment and
Planning A Anniversary Issue NSI: 30-34.

Fotheringham, A.S., P.J. Densham, and A. Curtis. 1995. Location-allocation modeling and the zone
definition problem. Geographical Analysis 27(1): 60-77.

Fotheringham, A.S., and T.C. Ritts. 1995. Directional variation in distance-decay. Environment
and Planning A 27(5): 715-729.

Fotheringham, A.S., and P.A. Rogerson. 1993. GIS and spatia analytical problems. International
Journal of Geographic Information Systems 7(1): 3-19.

Increasingly, methods of spatial analysis are being integrated within geographical
information systems. As this integration occurs, it is important to ensure that (i) users of
GIS recognize the limitations of spatiad anaysis, (ii) researchers continue to work on
removing the impediments to accurate spatial analysis, and (iii) developers of GIS consider
these limitations. In this article we discuss eight general impediments that arise in spatial
analyses that span a diverse range of substantive applications. Geographical information



systems offer not only the opportunity to integrate various methods of spatia analysis, but
also the chance to learn more about the underlying impediments.

Fotheringham, A.S., and D.W.S. Wong. 1991. The modifiable areal unit problem in multivariate
satistical analysis. Environment and Planning A 23(7): 1025-1044.

The modifiable areal unit problem is shown to be essentialy unpredictable in its intensity
and effects in multivariate statistical analysis and is therefore a much greater problem than
in univariate or bivariate analysis. The results are rather depressing in that they provide
strong evidence of the unreliability of any multivariate analysis undertaken with data from
areal units. Given that such analyses can only be expected to increase with the imminent
availability of new census data both in the United Kingdom and in the USA, and the current
proliferation of GIS technology which permits even more access to aggregated data, this
paper serves as atopica warning.

Getis, A., and JK. Ord. 1992. The analysis of spatid association by distance statistics.
Geographical Analysis 24(3): 189-206.

Spatial association of a variable can be identified in a number of ways. Typica measures
are Moran's |, Geary's ¢, join-count statistics, and the estimation of the spatial
autocorrelation coefficients found in spatial autoregressive models. Introduced in this paper
Is a family of new statistics, G, that can be used as a measure of spatial association in a
number of circumstances. The basic statistic is derived, its properties are identified, and its
advantages explained. Severa of the G dtatistics make it possible to evauate the spatial
association of a variable within a specified distance of a single point. A comparison is
made between a genera G statistic and | for smilar hypothetical and empirical conditions.
The empirical work includes a study of sudden infant deasth syndrome by county in North
Carolina and a study of dwelling unit prices in metropolitan San Diego by ZIP code
districts. Results indicate that G statistics, in general, should be used in conjunction with
Moran's | in order to identify characteristics of patterns not revealed by the | stetistic alone
and, specifically, the Gi and G statistics enable us to detect local “pockets” of dependence
that may not show up when using global statistics.

Goodchild, M.F., R.P. Haining, and S.M. Wise (and 12 others). 1992. Integrating GIS and spatial
data analysis: problems and possibliitidsiternational Journal of Geographical
Information Systems 6(5): 407-424.

This paper is an agreed summary of a workshop held at the University of Sheffield in March
1991. The focus here is on three themes of the workshop: the mutual benefits of closer
links between GIS and the methods of spatial data analysis; the specific areas of SDA that
should be linked with GIS; and how the linkage should be made in practice. Directions for
future research were discussed and are also reviewed. The emphasis throughout is on
statistical SDA.



Goodchild, M.F., B. Klinkenberg, and D.G. Janelle. 1993. A factorial model of aggregate spatio-

temporal behavior: application to the diurnal cycle. Geographical Analysis 25(4): 277-294.

Goodchild, M.F., L. Ansdlin, and U. Deichmann. 1993. A framework for the areal interpolation of

socioeconomic data. Environment and Planning A 25(3): 383-397.

Spatial data are collected and represented as attributes of spatial objects, embedded in a
plane. Basis change is defined as the transfer of attributes from one set of objects to
another. Methods of basis change for socioeconomic data are reviewed and are seen to
differ in the assumptions made in each about underlying density surfaces. These methods
are extended to more generd cases, and an illustration is provided using Californian data.

The implementation of this framework within a geographical information system is
discussed.

Ord, JK., and A. Getis. 1995. Loca spatial autocorrelation statistics: distributional issues and an

White,

White,

application. Geographical Analysis 27(4): 286-306.

The statistics Gi(d) and Gi (d), introduced in Getis and Ord (1992) for the study of local
pattern in spatial data, are extended and their properties further explored. In particular, non-
binary weights are alowed and the statistics are related to Moran’s autocorrelation statistic,
I. The correlations between nearby values of the statistics are derived and verified by
smulation. A Bonferroni criterion is used to approximate significance levels when testing
extreme values from the set of statistics. An example of the use of the statistics is given
using spatial-tempora data on the AIDS epidemic centering on San Francisco. Results
indicate that in recent years the disease is intensifying in the counties surrounding the city.

R., and G. Engelen. 1993. Cellular automata and fractal urban form: a cellular modeling
approach to the evolution of urban land use patterns. Environment and Planning A 25:
1175-1199.

R., and G. Engelen. 1994. Celular dynamics and GIS: modeling spatial complexity.
Geographical Systems 1: 237-53.

Both observation and theory support the view that spatial complexity is a necessary feature
of many systems, and that far from representing mere randomness, complexity constitutes
the real, information-rich order inherent in these systems. Cdllular automata are particularly
suited to modeling the dynamics of spatialy complex systems. The approach permits an
increase of severa orders of magnitude in the spatia resolution of dynamic models
compared to what is possible with traditional techniques, and thus permits the models to
address the issues of spatial complexity directly. The cellular approach is illustrated in two
models - an urban land use model which is purely cellular, and a model of a Caribbean
island which combines cellular and traditional techniques. Since the models require large



quantities of data with high spatial resolution, the full power of the cellular technique can
only be redlized when the models are integrated with a GIS. More generaly, cellular
automata have the potential for converting a GIS into a dynamic modelling tool.

White, R. and G Engelen. 1994. Urban system dynamics and cellular automata: fractal structures
between order and chaos. Chaos, Solitons, and Fractals 4: 563-83.

6.2 Books
Bailey, T.C., and A.C. Gatrell. 1995. Interactive Spatial Data Analysis. London: Longman.

This book consists of over 400 pages, in five parts. A Introduction: Spatial Data Analysis,
Computers and Spatial Data Analysis, B Analysis of Spatia Point Patterns; C Anaysis of
Spatialy Continuous Data; D Analysis of AreaData; E Analysis of Spatial Interaction Data.
The book includes a software package, INFO-MAP, a DOS based spatial data analysis
toolkit.

Fischer, Manfred M., and P. Nijkamp, editors. 1993. Geographic Information Systems, Spatial
Modelling, and Policy Evaluation. Berlin: Springer-Verlag.

The book contains contributions from a wide-ranging group of international scholars and
demonstrates the progress which has been achieved so far at the interface of GIS technology
and spatial analysis and planning. The various contributions bring together theoretical and
conceptual, technical and applied issues. Topics covered include the design and use of GIS
and spatid models, Al tools for spatial modeling in GIS, spatial statistical analysis and GIS,
GIS and dynamic modeling, GIS in urban planning and policy making, information systems
for policy evauation, and spatial decision support systems.

Fotheringham, A.S., and P.A. Rogerson, editors. 1994. Spatial Analysis and GIS. London: Taylor
and Francis.

The thirteen chapters of this book are based on presentations made at the 114 specidist
meeting in April 1992.

Lam, N. and De Cola, L., editors. 1993. Fractals in Geography. Englewood Cliffs, NJ
Prentice-Hall.

The book is an edited collection of original contributions on the multiple implications and
applications of fractalsin geography.

Longley, P., and M. Batty, editors. In press. Spatial Analysis: Modeling in a GIS Environment.



The book is based on presentations made at the Bristol conference in Spring 1994 which
served as the closing conference for the initiative.

6.3 Book Chapters

Bailey, T.C. 1994. A review of statistical spatial analysis in geographical information systems. In
Satial Analysisand GIS edited by A.S. Fotheringham and P.A. Rogerson. London: Taylor
& Francis, pp. 13-44.

Batty, M., and Y. Xie. 1994. Urban analysis in a GIS environment: population density modelling
using ARC/INFO. In Spatial Analysis and GIS edited by A.S. Fotheringham and P.A.
Rogerson. London: Taylor & Francis, pp. 189-220.

Bracken, 1. 1994. A surface modd approach to the representation of population-related socia
indicators. In Spatial Analysis and GIS edited by A.S. Fotheringham and P.A. Rogerson.
London: Taylor & Francis, pp. 247-260.

Engelen, G., and R. White. In press. Integrating dynamic spatial interaction models with cellular
automata in an intelligent tutoria system for geography. In Teaching Advanced
Geography: Proceedings of the NATO Conference on Intelligent Tutorial Systems in
Geography, edited by M. Antrop, R. Bradshaw, and H.Chamussey. Berlin:

Springer-Verlag.

Engelen, G., R. White, and S. Wargnies. In press. Numerical modeling of small island
socio-economics to achieve sustainable development. In Small Isand Oceanography,
edited by G. Maul. American Geophysical Union.

Engelen, G., R. White, and I. Uljee. 1993. Exploratory modeling of socio-economic impacts of
climatic change. In Climate Change in the Intra-Americas Sea, edited by G. Maul.
London: Edward Arnold, pp. 306-24.

Fischer, M.M., and P. Nijkamp. 1993. Design and use of geographic information systems and
gpatiad models. In Geographic Information Systems, Spatial Modelling, and Policy
Evaluation, edited by M.M. Fischer and P. Nijkamp. Berlin: Springer-Verlag, pp. 1-13.

Flowerdew, R., and M. Green. 1994. Areal interpolation and types of data. In Spatial Analysis and
GIS edited by A.S. Fotheringham and P.A. Rogerson. London: Taylor & Francis, pp. 121-
146.

Gatrell, A.C., and B. Rowlingson. 1994. Spatial point process modelling in a GIS environment. In
Satial Analysisand GIS edited by A.S. Fotheringham and P.A. Rogerson. London: Taylor
& Francis, pp. 147-164.



Getis, A. 1993. GIS and modeling prerequisites. In Spatial Information Theory: A Theoretical
Basisfor GIS edited by Andrew U. Frank and Irene Campari. Berlin: Springer-Verlag, pp.
322-340.

Getis, A. 1994. Spatia dependence and heterogeneity and proximal databases. In Spatial Analysis
and GIS edited by A.S. Fotheringham and P.A. Rogerson. London: Taylor & Francis, pp.
105-120.

Haining, R.P. 1994. Designing spatial data analysis modules for geographical information systems.
In Spatial Analysis and GIS edited by A.S. Fotheringham and P.A. Rogerson. London:
Taylor & Francis, pp. 45-64.

Longley, P., G. Higgs, and D. Martin. 1994. The council tax for Great Britain: a GlS-based
sensitivity analysis of capital valuations. In Spatial Analysis and GIS edited by A.S.
Fotheringham and P.A. Rogerson. London: Taylor & Francis, pp. 261-276.

Macmillan, W., and T. Pierce. 1994. Optimization modelling in a GIS framework: the problem of
political redistricting. In Spatial Analysis and GIS edited by A.S. Fotheringham and P.A.
Rogerson. London: Taylor & Francis, pp. 221-246.

OKédly, M.E. 1994. Spatid anadysis and GIS. In Soatial Analysis and GIS edited by A.S.
Fotheringham and P.A. Rogerson. London: Taylor & Francis, pp. 65-80.

Openshaw, S. 1994. Two exploratory space-time-attribute pattern analysers relevant to GIS. In
Satial Analysisand GIS edited by A.S. Fotheringham and P.A. Rogerson. London: Taylor
& Francis, pp. 83-104.

Ralston, B.A. 1994. Object oriented spatial analysis. In Spatial Analysis and GIS edited by A.S.
Fotheringham and P.A. Rogerson. London: Taylor & Francis, pp. 165-186.

Rogerson, P.A., and A.S. Fotheringham. 1994. GIS and spatial analysis: introduction and overview.
In Spatial analysis and GIS edited by A.S. Fotheringham and P.A. Rogerson. London:
Taylor and Francis, pp. 1-10.

6.4 Conference Proceedings

De Cola, L. 1992. Multiscale interactions between topography and vegetation in Colorado.
ASPRS/ACSM/RT'92, Washington DC, 12 pp.

De Cola, L. and B.P. Buttenfield. 1994. Multiscale mapping for the NSDI: data modeling and
representation. GIS/LIS94 Phoenix, 12 pp.



De Cola, L. and N. Falcone, N. 1994. Exploratory analysis of environmental interactions in central
Cdlifornia. Electronic Open-File Report, USGS.

Fischer, M.M. 1993. From conventiona to knowledge based geographical information systems. In
Proceedings, UDMS93, 16th Urban Data Management Symposium, September 6-10, 1993.
Vienna: ADV Arbeitsgemeinschaft FCr Datenverarbeitung, pp. 17-25.

Artificial Intelligence (Al) has received an explosion of interest during the last five yearsin
variousfields. Thereisno longer any question that expert systems and neural networks will
be of central importance for developing the next generation of more intelligent geographic
information systems.  Such knowledge based geographic information systems will
especially play a key role in spatial decision and policy analysis related to issues such as
environmental monitoring and management, land use planning, motor vehicle navigation
and distribution logistics. This paper sketches briefly the maor characteristics of
conventional geographic information systems, and then looks at some of the potentials of Al
principles and techniques in a GIS environment where emphasis is laid on expert systems
and artificial neural networks technologies and techniques.

Rogerson, P. 1992. A nonparametric test for pattern detection and its use in GIS. Proceedings,
GISLIS 92 2: 646-51.

6.5 Monographs and Discussion Papers

Ansdlin, L. 1989. What is specia about spatial data? Alternative perspectives on spatial data
analysis. Technical Paper 89-4. Santa Barbara, CA: National Center for Geographic
Information and Analysis.

Ansdin, L., and S. Rey. 1991. The performance of tests for spatial dependence in a linear
regresson. Technical Paper 91-13. Santa Barbara, CA: National Center for Geographic
Information and Analysis.

Ansdlin, L. 1992. Spatial data analysis with GIS: an introduction to application in the socia
sciences. Technical Paper 92-10. Santa Barbara, CA: National Center for Geographic
Information and Analysis.

Ansdin, L., S. Hudak, and R.F. Dodson. 1993. Spatia data analysis and GIS: interfacing GIS and
econometric software. Technical Paper 93-7. Santa Barbara, CA: National Center for
Geographic Information and Analysis.

Ding, Y., and A.S. Fotheringham. 1991. The integration of spatid analysis and GIS: the
development of the STATCAS module for ARC/INFO. Technical Paper 91-5. Santa
Barbara, CA: National Center for Geographic Information and Analysis.



Dodson, R.F. 1991. VTGIS: the von Thunen GIS package. Technical Paper 91-27. Santa Barbara,

CA: Nationa Center for Geographic Information and Analysis.

Dodson, R.F. 1993. Teaching introductory geographical data analysis with GIS: a laboratory guide

for an integrated SPACESTAT/Idris environment. Technical Paper 93-5. Santa Barbara,
CA: Nationa Center for Geographic Information and Analysis.

Fotheringham, A.S., and P.A. Rogerson. 1992. GIS and spatial analysis: Initiative 14 Speciaist

Meseting report. Technical Paper 92-11. Santa Barbara, CA: Nationa Center for
Geographic Information and Analysis.

Getis, A. Identifying spatial heterogeneity in a geographical information system.

In many empirical dtuations, knowledge of gpatial dependence, that is, spatia
autocorrelation or association in the data, is essential for the proper specification of models.

Rather than identify the spatial assocation as an outcome of an estimation procedure in a
regression anaysis, | suggest that spatial homogeneity and heterogeneity be identified

before any forma modeling take place. In this paper, | outline a procedure for evauating

the extent of hetergeneity in a spatial data base by use of a concept called “proximal” space.
This idea brings together the geographers notions of “site” and “situation” into a single
concept. An operational definition is given, and a mathematical formulation is outlined.
The approach lends itself to exploratory data analysis in a geographic information system.
Two typical raster data sets based on pixel values for land use in the San Diego region are
used to demonstrate the usefulness of the concept and techniques. One of the sets of data
represents an area of similar values with several slight trends while the other displays
widely varying values over short distances.

Getis, A. Social science analysis in a geographic information systems environment.

In this paper structural elements are identified for the preparation of GIS-based data for use
in social science modeling. These elements include the need to know about the special
characteristics of spatial data, such as map scale, spatial dependence, spatial variance
heterogeneity and spatial trend heterogeneity, and the usual problems faced by modelers,
such as nonspherical disturbances, stationarity of data, heteroscedasticity, and temporally
and spatially autocorrelated disturbances. Detective work proceeds on the basis of the
varying structures implied by the cross product statistic. These include measures of spatial
differences, covariance, and interation, and the exploratory data analysis function included
in the S-Plus statistical package.

Getis, A. Exploratory spatial data analysis in a geographical information systems  environment.

Two extensive data sets, remotely sensed data showing different qualities of land in the San
Diego region and detailed tuna catch data over a ten year period in the eastern tropical



Pacific Ocean, are described by modern exploratory spatial data analysis techniques. A
rationale based on the kinds of structural elements used in regiona science modeling is
developed for the data description. These elements include the need to know about the
special characteristics of spatial data such as map scale, spatial dependence, spatia variance
heterogeneity and spatial trend heterogeneity, and the usual problems faced by regional
modelers such as nonspherical disturbances, heteroscedasticity, and temporally and spatially
autocorrelated disturbances. Having laid out the framework for the exploratory analyss, the
detective work is carried out for portions of the two data sets. The exploration proceeds on
the basis of the varying structures implied by the cross product statistic. These include
measures of covariance, interaction, differences, and the graphic techniques of box plots,
pocket plots, and median polish. The results are displayed as a series of maps and graphics.

MacLennan, M. 1991. The use of a geographic information system for second-order analysis of
gpatial point patterns. Technical Paper 91-19. Santa Barbara, CA: Nationa Center for
Geographic Information and Analysis.

MacLennan, M., A.S. Fotheringham, and M. Batty. 1991. Fractal geometry and spatial phenomena.
Technical Paper 91-1. Santa Barbara, CA: National Center for Geographic Information
and Analysis.

Raskin, R. 1994. Spatial analysis on the sphere. Technical Paper 94-7. Santa Barbara, CA:
Nationa Center for Geographic Information and Analysis.

Tobler, W.R. 1993. Three presentations on geographical analysis and modeling: Non-isotropic
geographic modeling; Speculations on the geometry of geography; and Globa spatial
analysis. Technical Paper 93-1. Santa Barbara, CA: National Center for Geographic
Information and Analysis.
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100pp.
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and Planning A 24(12): 1675-78.

Fotheringham, A.S. 1991. Commentary: GIS and spatial analysis. an NCGIA research initiative.
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6.7 Software Products

1. Doug Martin reports that StatSci has developed the S-PLUS for ARC/INFO product in a
partnership with ESRI, funded by a NASA EOCAP Il contract to the StatSCi Division of MathSoft,
and is now working on an S+SpaceStat add-on toolkit for S-PLUS, funded by a NASA EOCAP Il
contract. Rusty Dodson and Joel Michaelsen tested elements of the S-PLUS ARC/INFO interface
at Santa Barbara, and devel oped associated tutorial modules.

2. Included with the book Interactive Spatial Data Analysis is a copy of INFO-MAP, wholly

written by Trevor Bailey, a DOS-based product for interactive spatial data analysis and including

facilities for such things as kerndl estimation, K functions (univariate and bivariate), variogram
estimation and kriging, spatial (auto)correlation analysis, together with a “language” that allows the
user to fit models of various kinds, such as spatial regression models. “Standard” non-spatial
analyses (e.g., principal components analysis, multivariate classification, non-spatial regression) are
also included. To allow the user to get the “feel” of these tools the book includes 29 datasets on
disk and a large number of exercises at the end of each chapter.

3. SPLANCS (the Lancaster point pattern analysis add-on to S-Plus) has been extended in areas of
space-time clustering and kernel estimation by Tony Gatrell and Peter Diggle, with funding from
the UK Economic and Social Research Council.

4. Members of the Department of Economic Geography, Vienna University of Economics and
Business Administration developed a software package called SIM (Spatial Interaction Modelling)
in July, 1994. SIM is a C-program which has been extensively tested in research situations and has
proven to provide robust and efficient algorithms. The methodological and programming
specifications are available from Prof. Manfred M. Fischer and Dr. Jinfeng Wang.

5. SPACESTAT is a package designed by Luc Anselin for spatial regression analysis. It is
available from the author at West Virginia University.

6. SAM is a spatial analysis module designed by Ding and Fotheringham (1992) aimed at
integrating specific spatial statistical measures and GIS. It is available in the NCGIA software
series.

7. A beta test version of SAS/GIS will soon be released.



Conferencesand Meetings Organized by |14 Participants

As a contribution to 114, NCGIA Santa Barbara hosted a workshop to examine progress and
impediments to exploratory spatial data analysis, February 24-28, 1993. The meeting was
organized by Luc Ansdlin, Associate Director at Santa Barbara. Some 25 participants presented
papers, demonstrated software, and discussed prospects for future research. Attendees came from
the UK and Ireland as well as from the US and Canada. The following participants attended:
Michael F. Goodchild, Waldo Tobler, Uwe Deichmann, Frank Davis, Lauretta Burke, Rusty
Dodson, Jod Michaelsen, Art Getis (San Diego State University, Geography), Noel Cressie (lowa
State, Statistics), Dan Griffith (Syracuse, Geography), Richard Becker (AT& T Bell), Paul Fatti (UC
Riverside, Statistics graduate student), Stewart Fotheringham (SUNY NCGIA), John Hadett
(Trinity College, Dublin, Statistics), Leigh Ihnen(SAS Institute, North Carolina), Ruben Klein (UC
Riverside, Statistics graduate student), James Maure (lowa State graduate student), M.
Jammalamadaka, (UCSB Statistics), Ned Oden (Applied Biomath, New Y ork), James Press (UC
Riverside, Statistics), Lauren Scott (Cal State Fullerton, Geography), Robert Sokal (SUNY Stony
Brook Ecology), Anthony Unwin (Trinity College, Dublin, Statistics), Mark Schildhauer (UCSB
Socia Science Computing Lab), and Allan Murray (UCSB Statistics).

Tony Gatrell organised, at Lancaster University in June 1993, a successful meeting on “Spatial
Analysis in ARC/INFO” which attracted 30 participants, including Paul Densham and Mike
Goodchild.

A meeting on “GIS and Spatial Analysis” was organized under the auspices of the European
Science Foundation's GISDATA program in Amsterdam, December 1-5, 1993. U.S. participants
sponsored by NSF through NCGIA were Luc Anselin (West Virginia University), previous
Associate Director of NCGIA at Santa Barbara, and Noel Cressie, spatial statistician from lowa
State University and author 8fatistics for Spatial Data (Wiley, 1993). A book is in preparation,

titled Spatial Analytical Perspectives on GIS into Environmental and Socio-Economic Sciences,

edited by Manfred Fischer, Henk Scholten, and David Unwin, and published by Taylor and Francis.

Paul Longley and Mike Batty organized a conference at Bristol, held in June of 1994. An edited
book is in progress. Chapter headings are as follows:

INTRODUCTION

Chapter 1: Analysis, Modelling, Forecasting and GIS Technology
by Michael Batty and Paul Longley

PART ONE: ANALYSIS OF SPATIAL DISTRIBUTIONS
Chapter 2: Solving the Ecological Fallacy

by Neil Wrigley
Chapter 3: The Aggregation Problem in GIS



by Stan Openshaw
Chapter 4: Depicting Changing Distributions through Surface Estimation
by David Martin

PART TWO: SCALE ISSUES IN GEOGRAPHICAL ANALY SIS

Chapter 5: Spatial Regression Analysis for the Modifiable Areal Unit Problem
by Robin Flowerdew and Mick Green
Chapter 6: Multilevel Modelling: A Genera Framework for the Quantitative Analysis
of Geographical Data
by Kelvyn Jones and Craig Duncan
Chapter 7. RS-GIS: Deriving Spatia Distributions from Remote Imagery
by Paul Longley et al.

PART THREE: LOCATIONAL MODELLING

Chapter 8: GIS Games: Computable Location Theory Using SmCity
by Bill MacMillan
Chapter 9: Integrating Normative Location Modelsinto GIS
by Rick Church and Paul Sorensen
Chapter 10: Visual Interactive Locational Anaysis
by Paul Densham
Chapter 11: Retail Location Modelling in GIS
by Mark Birkin

PART FOUR: SPATIAL FORECASTING

Chapter 12: Directions and Opportunitiesin Spatial Econometrics
by Les Hepple
Chapter 13: Exploring Computational Simplifications for a Neighbourhood Forecasting
Model
by Dan Griffith
Chapter 14: Distance Statistics: an Overview
by Art Getis and Keith Ord

PART FIVE: SIMULATING SPACE-TIME IN GIS

Chapter 15: Integrating Dynamic Modelling and GIS
by Denise Pumain, Lena Sanderset al.

Chapter 16: Modelling Flows in Space-Time Using GIS
by Michadl Batty

Chapter 17: Reflections on the Modelling of Spatial Diffusion
by Peter Haggett



CONCLUSION

Chapter 18: GISin Spatial Analysis: Spatial Analysisin GIS by the contributors
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