Ao 39147 1°Ercf

Program &
Abstracts

4th International Conferénce

On
GeoComputation

25-28 July 1999

Mary Washington College
Fredericksburg, Virginia
USA

DISTRIBUTION STATEMENT A
Approved for Public Release
Distribution Unlimited

pTIC QUALITY INSPECTED 4

J. Ehlen

J. Nicholas
D. Caldwell
J. Diaz

P. Krause

J. Eichholz

19991101 060

-



Form A d
REPORT DOCUMENTATION PAGE OMB NO, 07040188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comment regarding this burden estimates or any other aspect of this
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for information Operations and Reports, 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
September 1999 Final Report

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

Fourth International Conference on GeoComputation

6. AUTHOR(S) DAAG55-98-1-0509
Joseph W. Nicholas, Principal Investigator

7. PERFORMING ORGANIZATION NAMES(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER
Mary Washington College
13?)7 College Avenue
Fredericksburg, VA 22401
9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

})J(S) ﬁrm)i%eISfarch Office
U, DOX
Research Triangle Park, NC 27709-2211 ARO 39147.1-EV-CF

11. SUPPLEMENTARY NOTES

The views, opinions and/or findings contained in this report are those of the apthor(? and should not be construed as
an official Department of the Army position, policy or decision, unless so designated by other documentation.

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBU;I;ION CODE T

Approved for public release; distribution unlimited.

13. ABSTRACT (Maximum 200 words)

NO ABSTRACT PROVIDED

14. SUBJECT TERMS 15. NUMBER IF PAGES

16. PRICE CODE

77 SECURITY CLASSIFICATION | 18. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION | 20. LIMITATION OF ABSTRACT
OR REPORT OF THIS PAGE OF ABSTRACT
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

Prescribed by ANS| Std. 239-18
298-102




s S

July 25-28, 1999

2 4™ International Conference on GeoComputation
e u n m n “ a l n n Mary Washington College
U B U U U U |:| D g g Fredericksburg, Virginia

Contents

Welcome and Opening Information 1
Map of Mary Washington College Campus 3
Map of Woodward Campus Center 4
Conference Time Table 5
GeoComputation 99 Technical Program 6
List of Abstracts (Alphabetical by Principal Author) 16
Abstracts (Alphabetical by Principal Author) 23

Index of Authors ‘ 108



\
/

Welcome

Welcome to the 4™ International
Conference on GeoComputation, Mary
Washington College, and Fredericks-
burg. We have an excellent technical
program, led by six distinguished key-
note lectures, that we hope you will find
worthwhile. In addition, we have a
number of social activities planned to let
you meet and discuss your research.

Judy Ehlen
Joe Nicholas

Registration

Most of you will have pre-
registered for the conference. For those
who haven’t or who need information,
the registration desk will be located at
the Main Entrance of the Woodward
Campus Center (see sketch on page 4)
from 1000 to 1700 on Sunday, July 25
and from 0830 to 1200 on Monday
morning, July 26. Please make sure you
sign up for one of the Walking Tours
when you register.

Conference Program

Each half-day of the conference
will begin with a keynote lecture. These
lectures will be followed by parallel
technical sessions interspersed with cof-
fee breaks to allow time for discussion.
Keynote lectures will be held in the
Great Hall of the Woodward Campus
Center. A poster session will be held
from 1515 to 1700 Tuesday afternoon in
the Exhibit Area of the Great Hall.

4™ International Conference on GeoComputation

Mary Washington College
Fredericksburg, Virginia
July 25-28, 1999

The time table for keynote lec-
tures and technical sessions can be found
on page 5 in this volume. The technical
program is on pages 6-15, an
alphabetical listing of abstracts by author
is on pages 16-22, the abstracts for each
presentation are on pages 23-107, and
the author index is on pages 108-110.

Exhibits

The exhibit space will be in the
Great Hall in the Woodward Campus
Center in the same area where coffee
breaks and the poster session will be
held. Exhibitors will be present through-
out the conference.

Social Activities

Welcoming Party. The Welcoming
Party will be held Sunday evening July
25 between 1800 and 2200 at Belmont
Plantation in Falmouth, across the
Rappahannock River = from Freder-
icksburg. Buses will leave at 1730 from
Mary Washington College to carry you
to and from Belmont.

Belmont is an 18™ century
plantation house that was purchased by
internationally known  artist  Gari
Melchers in 1916. It is currently owned
by the Commonwealth of Virginia and is
administered by Mary Washington
College. Mr. Melchers’ studio and the -
house will be open for your pleasure and
food and drink will be provided.

Representatives from the Freder-
icksburg Wine Festival Consortium
(Hartwood Winery, Ingleside Plantation
Vineyards, and Lake Anna Winery) will
be present so that you can sample and
learn about Virginia wines. Wine tasting
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is sponsored by the Silver Cos. of
Fredericksburg.
Dress will be casual.

Walking Tours. Walking tours on
Monday afternoon are sponsored by the
City of Fredericksburg. Two historical
tours will be on offer. One will intro-
duce conference participants to the
Revolutionary War and will be led by
Mr. George Washington. Ms. Jane
Beale, a resident of the City during the
Civil War (1860-1865), will lead the
second tour.

Sign up sheets will be available
on Sunday at the registration desk for
these tours. Buses will transport partici-
pants to and from the downtown area.
The buses will leave at 1515. Parti-
cipants may wish to stay downtown after
the walking tours to shop and have their
evening meal. A map of down town
restaurants is provided in the registration
package.

Dress will be causal.

Conference Dinner. The Conference
Dinner will be held in Seacobeck Dining
Hall on Tuesday evening between 1900
and 2200.

Meals

The following meals are included
in your registration fee: Breakfast on
Monday, Tuesday and Wednesday;
Lunch on Monday and Tuesday, the
Welcoming Party Sunday evening and
the Conference Dinner Tuesday evening.

Breakfast, lunch, and the
Conference Dinner will be served in the
Faculty/Staff Dining Room in Seacobeck

4™ International Conference on GeoComputation

Mary Washington College
Fredericksburg, Virginia
July 25-28, 1999

Dining Hall (see Campus Map on Page
3).

Morning and Afternoon coffee
breaks will be held in the Exhibit Area
of the Great Hall in the Woodward
Campus Center except for Monday
(because of the Walking Tours).

Weather

Summer in Fredericksburg is
typically hot, hazy, and humid. Daytime
temperatures in July are usually in the
high-80's to low-90’s (F) and nighttime
temperatures, in the upper 60's to low
70's. Precipitation is often in the form of
showers and in the late afternoon and
early evening. Lightweight clothing is
appropriate.

Conference Sponsors

U.S. Army Topographic Engineering
Center, Alexandria, Virginia, USA

U.S. Army Research Office. Research
Triangle Park, North Carolina, USA

U.S. Army European Research Office,
London, England

City of Fredericksburg, Fredericksburg,
Virginia, USA

Silver Cos, Fredericksburg, Virginia,
USA
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GeoComputation 99 Technical Program

SUNDAY July 25,1999

Registration (Woodward Campus Center) 1000-1700
Welcome (Great Hall) 1300-1315  Judy Ehlen/Joe Nicholas
Keynote Presentation (Great Hall)

1315-1400  Geographical Data Mining
Author Stan Openshaw
Presenter Ian Turton"

Exploratory Spatial Data Analysis (Technical Session 1A, Meeting Room 1)

1400-1420  Web-Based Multi-Engine Spatial Analysis Tools
Authors James Macgill, Stan Openshaw, and Ian Turton

1420-1440  Multiresolution Spatial Analysis
Authors Mitchell J. Morehart, Fionn Murtagh, and Jean-Luc Starck

1440-1500  Augmented Seriation: Usability of a Visual and Auditory Tool for
Geographic Pattern Discovery with Risk Perception Data
Authors Myke Gluck, Lixin Yu, Boryung Ju, Woo-Soeb Jeong, and Crystal Chang

1500-1520  Exploratory Spatial Optimization and Site Search: A Neighborhood
Operator Approach
Authors Thomas J. Cova and Richard L. Church

Modeling the Physical World (Technical Session 1B, Meeting Room 2)

1400-1420  Toward an Object-Oriented Toolkit for Distributed Environmental
Modeling

Authors Greg Tucker, Nicole Gasparini, Rafael Bras, Scott Rybarczyk,
and Stephen Lancaster

1420-1440  Object-Oriented Modeling of Geodata as a Basic Tool for the
Integration of Heterogeneous Paleoecological Information
Authors Holger Gaertner and Andreas Bergmann

* The presentor is indicated by underlining.
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1440-1500  Investigations in Slope Development Through Landslide Activity -
Concepts, Methods and Implications for Interdisciplinary and
Interoperable Data Management

Authors Jochen Schmidt, Holger Gaertner, and Richard Dikau

1500-1520  Interoperable Geospatial Objects

Author Jonathan Doughty
Break 1520-1540

Spatial Data Processing (Technical Session 2A, Meeting Room 1)

1540-1600  Spatial Context Awareness in Feature Simplification
Authors David McKeown, Jeff McMahill, and Douglas Caldwell

1600-1620  An Improved Algorithm for Calculating the Perimeter and Area of
Raster Polygons
Author Steven Prashker

1620-1640 Towards a Framework for High-Performance Geocomputation:
X Handling Vector-Topology within a Distributed Service Environment.
Authors Steve Dowers, Bruce Gittings, and Mike Mineter

Terrain Analysis (Technical Session 2B, Meeting Room 2)

1540-1600  Principles of Semantic Modeling of Landform Structures
Authors Martin Dehn, Holger Gaertner, and Richard Dikau

1600-1620  Spatial Pattern Analysis of Compositional Landforms in the Mojave
, Desert, California
Authors Roy K. Dokka, Joseph M. Watts, and Denise R. LaDue

1620-1640  Long-Range Persistence of Elevation and Relief Values along the
Continental Divide in the Conterminous U.S.
Authors Scott Rice-Snow and Joshua Russell
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Welcome Reception at Belmont Plantation (1800-2200)

MONDAY July 26, 1999

Keynote Presentation (Great Hall)

0830-0915  High Resolution Integrated Modelling of the Spatial Dynamics of
Urban and Regional Systems

Author Roger White

Cellular Automata (Technical Session 3A, Meeting Room 1)

0920-0940  Cellular Strategies for the Simulation of Human Spatial Systems
Author W.D. Macmillan

0940-1000  Integrating Cellular Automata and Spatial Optimization for
Evaluating Rapidly Urbanizing Regions
Authors Douglas P. Ward, Alan T. Murray, and Stuart R. Phinn

1000-1020  Empirical Cellular Automata (CA) Simulation from a High
Resolution Population Surface
Authors David Martin and Fulong Wu

Neural Networks and Fuzzy Modeling (Technical Session 3B, Meeting Room 2)
0920-0940  An Investigation Into the Use of Data Spaces as an Organisational
Concept for the Classification of Geographic Datasets

Authors Mark Gahegan and Masahiro Takatsuka

0940-1000  Neural Network Classifiers for GIS Data: Improved Search Strategies
Authors Gordon German

1000-1020 A Fuzzy Modelling Approach to Wild Land Mapping in Scotland
Authors Steffen Fritz, Linda See, and Steve Carver

Coffee Break 1020-1040
Cellular Automata and Modeling (Technical Session 4A, Meeting Room 1)
1040-1100  Exploring the Structure of Space: Towards Geocomputational

Theory
Author David O'Sullivan
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1100-1120  An Agent-Based Model of Residential Mobility in the Tel-Aviv
Metropolitan Area
Authors Itzhak Benenson, Itzhak Omer, and Juval Portugali

1120-1140  Cyber-Spatial Analysis: Modelling Web Server Information Flows
Author Shane Murnion

1140-1200  Database Fusion for the Comparative Study of Migration Data.
Authors Oliver Duke-Williams and M. Blake

Remote Sensing 1 (Technical Session 4B, Meeting Room 2)

1040-1100  Developing Quality Training Data for a Statistical Decision Tree
Classifier in a Spatial Environment

Authors Paul Crowther, Jacky Hartnett, Ray Williams, and Steve Pendelbury

1100-1120 A Comparison of Supervised Imagery Classification Using
Analyst-Chosen and Geostatistically Chosen Training Sets

Authors James A. Shine and Gery 1. Wakefield

1120-1140  Error-Constrained Change Detection
Authors Mark J. Ware and Christopher B. Jones

Lunch 1200-1300
Keynote Presentation (Great Hall)

1300-1345  Pluralism in Spatial Information Systems
Author Gail Langran Kucera

Distributed Computing (Technical Session 5A, Meeting Room 1)

1350-1410  Linking Process and Content in a Distributed Spatial Production System
Authors Henry Kucera and Pierre Lafond

1410-1430  Second Generation Spatial Information Warehousing Architectures
Authors Edric Keighan and Henry Kucera

1430-1450  Data Access, Querying, Analysis and Data Mining in a Distributed
Framework for Earth System Science Support
Author Menas Kafatos
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Spatial Modeling (Technical Session 5B, Meeting Room 2)

1350-1410

Authors

1410-1430

Authors

1430-1450

Authors

A Predictive GIS Model for Potential Mapping of Gold and Base
Metal Mineralization in Takab Area, Iran
Hooshang Asadi Haroni and Martin Hale

Geologically-Constrained Probabilistic Mapping of Gold Potential,
Baguio District, Philippines
Emmanuel John M. Carranza and Martin Hale

The Application of Cellular Automata Modeling for Enhanced Land
Cover Classification in the Ecuadorian Amazon

Joseph P. Messina, Stephen J. Walsh, Greg Taff, and Gabrielle Valdivia .

Walking Tours (1515-1700)

TUESDAY July 27, 1999

Keynote Presentation (Great Hall)

0830-0915
Author

On Information Extraction Principles for Hyperspectral Data
David Landgrebe

Accessibility and Interaction (Technical Session 6A, Meeting Room 1)

0920-0940
Author

0940-1000
Authors

1000-1020

Authors

Measuring Accessibility Using GIS
Rui Pedro Juliao

Towards a Percolation Model of Accessibility
Kingsley Haynes, Roger Stough, and Rajendra Kulkarni

Parameter Estimation in Neural Spatial Interaction Modelling
by a Derivative Free Global Optimization Method
Manfred M. Fischer and Martin Reismann

Remote Sensing 2 (Technical Session 6B, Meeting Room 2)

0920-0940
Author

0940-1000

Authors

A Practical Method of Calibrating Airborne Hyperspectral Imagery
Yu Jiang

Road Extraction from Digital Images using Linear Programming and
Cost Functions
Venkat Chalasani and Peter Beling

10
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1000-1020  Texture Information and Supervised Classification of Hyperspectral
Imagery by Means of Neural Networks

Author Edward H. Bosch

Break 1020-1040

Crime Analysis (Technical Session 7A, Meeting Room 1)

1040-1100  Smart Crime Pattern Analysis Using the Geographical Analysis Machine

Authors Ian Turton, Stan Openshaw, and James Macgill

1100-1120  First- and Second-Order Properties of Spatial Point Patterns: The

. Application of Crime Data from Baton Rouge, LA

Author Michael Leitner

1120-1140  Spatial Crime Displacement Resulting from Large-Scale Urban
Renewal Programs in the City of Baltimore, MD: A GIS Modeling
Approach

Authors Brian J. Schumacher and Michael Leitner

1140-1200  CrimeStat: A Spatial Statistics Program for the Analysis of Crime
Incident Locations

Author Ned Levine

Hydrological Applications 1 (Technical Session 7B, Meeting Room 2)

1040-1100  Applying Saliency Analysis to Neural Network Rainfall - Runoff
Modelling

Authors Robert J. Abrahart, Linda See, and Pauline E. Kneale

1100-1120  Multi-Model Data Fusion for Hydrological Forecastmg

Authors Linda See and Robert J. Abrahart

1120-1140 A Spatial Solution to Calculate Optimum Surface Water Target
Levels Using a Water Management Decision Support System

Authors J.W.J. van der Gaast and J.G. Kroes

1140-1200  Compositional Data Analysis of the Influence of Drainage Area and
Stream Order on Hydraulic Geometry

Author Gregory S. Ridenour

Lunch

1200-1300

11
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Keynote Presentation (Great Hall)

1300-1345
Authors

Investigating the Spatial Variation in Soil Radon Geostatistically.
M. A. Oliver and A. L. Kharyat

Geostatistics (Technical Session 8A, Meeting Room 1)

1350-1410
Author
1410-1430
Authofs
1430-1450

Authors
Presenter

1450-1 510
Authors

Performance Comparison of Geostatistical Algorithms for
Incorporating Elevation into the Mapping of Precipitation
Pierre Goovaerts

Designing Optimal Sampling Configurations with Ordinary and
Indicator Kriging
Christopher D. Lloyd and Peter M. Atkinson

Modern Enviroinformatics: BME Mapping in the Light of Uncertain
Physical Knowledge Bases - The Equus Beds Case Study

George Christakos and Mark Serre

Alexander Kolovos

Estimating a Non-Stationary Spatial Structure by Simulated Annealing
Olivier Perrin and Serge lovleff

Hydrological Applications 2 (Technical Session 8B, Meeting Room 2)

1350-1410

Author

1410-1430

Authors

1430-1450

Authors

1450-1510

Authors

Self-Organization in Fluvial Landscapes: Sediment Dynamics as an
Emergent Property
Dirk DeBoer

The Validity of Using a Simplified Distributed Hydrological Model
for Estimation of Landslide Probability Under a Climate Change

Scenario.
James A. Griffiths, A.J.C. Collison, and S.W. Wade

Dynamic Modelling of the Spatio-Temporal Distribution of
Phytoplankton in a Small Productive English Lake

R.D. Hedger, T.J. Malthus, N.R.B. Olsen, D.G. George,
and P.M. Atkinson

Flat Feature Processes from Triangulated Irregular Networks for

Hydrological Modeling
Honglei Zhu and Kristin Schneider

12
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Poster Session (Technical Session 9, Great Hall)

1515-1730

Author

1515-1730
Author

1515-1730

Author

1515-1730

Authors

1515-1730
Author

1515-1730

Authors

1515-1730

Authors

1515-1730
Authors
1515-1730

Author

Assessing Uncertainty in Fuzzy Land Cover Maps Obtained from
Remotely Sensed Imagery
Peter M. Atkinson

3D City: Prototyping Techniques for Urban Design Modeling
Weiso Chen

A Stochastic-Dynamical System for River Basin Runoff in Complex
Terrain: A Case for Low-Dimensional, Physically-Based Models
Christopher J. Duffy, Kris Sedmera, and Tongying Shun

Image Understanding for Battlefield Awareness Video Surveillance
and Monitoring
Joseph H. Findley III and Steven C. Haes

Quantifying and \fisualizing Terrain Fabric from Digital Elevation Models
Peter L. Guth

Environmental Modeling and Monitoring using a High-Resolution
Hydrometeorological Data System (HRHDS)

David R. Legates, Kenneth R. Nixon, Geoffrey E. Quelch, and Thomas D.
Stockdale

Reliability-Based Vegetation Mapping: The Integration of Predictive
Modeling and Digital Image Processing

Joseph Watts, Joni Jarrett, Gery Wakefield, Kevin Slocum, Francis Precht,
and John Fels

Web-Based GIS Used to Enhance Public Democratic Involvement
Andrew J. Evans, Richard Kingston, Steve Carver, and lan Turton

CrimeStat: A Spatial Statistics Program for the Analysis of Crime
Incident Locations (Demonstration)
Ned Levine

Conference Dinner 1900-2200

13
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WEDNESDAY July 28, 1999

Keynote Presentation (Great Hall)

0830-0915  Exploring Geo-Data Spaces - The Search for Meaning
Author Alan M. MacEachren

Visualization and Multidimensional Data (Technical Session 10A, Meeting Room 1)

0920-0940  Mapping the Environment through 3-D Space and Time
Authors Kevin Morris, David Hill, and Tony Moore

0940-1000  Developing a Visualisation and Analysis System for Simulating the
Growth of Coastal Spits
Authors David Livingstone and Jonathan Raper

1000-1020 A 3-D Topology Model for Vector Data
Authors Kevin C. Trott and Ian Greasley

DEM Generation and Applications (Technical Session 10B, Meeting Room 2)

0920-0940  What's the Point? Interpolatiofl and Extrapolation with a Regular
Grid DEM

Authors David Kidner, Mark Dorey, and Derek Smith

0940-1000.  Failure Prediction in Automatically Generated Digital Elevation Models
Authors Michael Gooch and Jim Chandler

1000-1020 A Distributed Approach For Planning Radio Communications
Authors David Kidner, lan Fitzell, Miqdad Al Nuami, Phil Rallings, and Andrew
Ware

Break 1020-1040

Remote Sensing 3 (Technical Session 11A, Meeting Room 1)

1040-1100  Operational Interferometric SAR Data Processing for RADARSAT
Using a Distributed Computing Environment

Authors Stephen C. Taylor, Bernard Armour, William H. Hughes, Andrew Kult,
and Chris Nizman

1100-1120  Remote Sensing and Process-Based Modelling
Authors Paul J. Curran, Terry P. Dawson, and Toby E. Wicks

14
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1120-1140  Estimating Subpixel Geospatial Features
Authors Henry Berger and James Shine

Uncertainty and Error (Technical Session 11B, Meeting Room 2)

1040-1100  Stochastic Modeling of Alternate Methods for the Generation of
Event Patterns with Complete Spatial Randomness

Author Frank Hardisty

1100-1120  Representing Uncertainty of Qualitative Thematic Maps with an
Inter-map Cell Swapping Heuristic

Authors Charles R. Ehlschlaeger

1120-1140  Spatially Assessing Model Error Using Geographically Weighted
Regression

Author Shawn W. Laffan

1140-1200  Exploring Microsimulation Methodologies for the Estimation of
Household Attributes

Authors Dimitris Ballas, Graham Clarke, and Ian Turton

Closing Remarks (Great Hall) 1200-1215  Judy Ehlen/Joe Nicholas

15
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List of Abstracts (Alphabetical by Principal Author)

Robert J. Abrahart, Linda See, and Pauline E. Kneale
Applying Saliency Analysis to Neural Network Rainfall - Runoff Modelling

Hooshang Asadi Haroni and Martin Hale
A Predictive GIS Model for Potential Mapping of Gold and Base Metal Mineralization
in Takab Area, Iran

Peter M. Atkinson
Assessing Uncertainty in Fuzzy Land Cover Maps Obtained from Remotely Sensed
Imagery

Dimitris Ballas, Graham Clarke, and Ian Turton :
Exploring Microsimulation Methodologies for the Estimation of Household Attributes

Itzhak Benenson, Itzhak Omer, and Juval Portugali
An Agent-Based Model of Residential Mobility in the Tel-Aviv Metropolztan Area

Henry Berger and James Shine
Estimating Subpixel Geospatial Features

Edward H. Bosch
Texture Information and Supervised Classification of Hyperspectral Imagery by
Means of Neural Networks

Emmanuel John M. Carranza and Martin Hale
Geologically-Constrained Probabilistic Mapping of Gold Potential, Baguio District,
Philippines

Venkat Chalasani and Peter Beling
Road Extraction from Digital Images using Linear Programming and Cost Functions

Weiso Chen
3D City: Prototyping Techniques for Urban Design Modeling

George Christakos and Mark Serre
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e

Applying Saliency Analysis to Neural Network Rainfall - Runoff Modelling

- Key Words: rainfall-runoff modelling, neural networks, saliency analysis

Explanation and understanding are two important objectives of model building.
Most current hydrological model building utilises knowledge of the physical system to
build a set of cause and effect relationships based on mathematical equations. But the fact

- that a model works is not a sufficient justification for the existence of causal
. relationships. This must be inferred from logical reasoning. Such arguments also will be

true for neural networks that are often criticised on the grounds that these tools are

" nothing more than "black box" models. This paper considers the nature of explanation
, from a model building standpoint and provides an illustrated example of how a neural

network can be disaggregated in terms of its forecasting inputs. This disaggregation,

. termed "saliency analysis,” is based on a neurocomputing method for assessing the
~ relative importance of different neural network components and, in this work, is used to
~examine the significance of various internal relationships. For example, it could be

assumed that connections with low weights are less important than those with large
weights, and then use the magnitude of a weight value as a measure of its importance.

_ But this approach has limited theoretical justification.

A more useful alternative would be to define relative importance in terms of the -
effect that each item has on the network error function. In particular, the importance of a
weight or node could be defined in terms of the change in the error function that results
from small changes to, or deletions of, individual weights or nodes. Deletion in a
practical sense could involve setting the weights to zero, setting all node output values to
zero, or passing zero values to the nodes. Most standard neural network packages do not
contain the tools that are needed to perform these types of operations on an iterative
basis; however, converting a neural network solution into 3GL code allows the
manipulation of input values using program loops and embedded functions to achieve this
aim.

It must be stressed that "saliency analysis" is not a form of "sensitivity analysis"
since the purpose of the exercise is not to examine "the rate of change in one factor with
respect to change in another." Saliency analysis is concerned with excluding one or more
variables, and then exploring inherent variation associated with the remainder. Neural
networks are ideal tools for this type of analysis because of the distributed nature of their
information processing structure, which enables inputs to be omitted while the model is
running.

Neural network solutions for generating one-step-ahead river flow predictions
based on TOPMODEL hydrological inputs were used in this analysis. Embedded
functions were used to perform input "saliency analysis" assessment. Time series plots
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showed that certain inputs were influential controls in different parts of the hydrograph.
This technique is useful for building parsimonious neural network modelling solutions
and for rapid prototyping of more complex mechanisms.

ASADI HARONI, Hooshang (Harouni@itc.nl), Ministry of Culture and Higher
Education, Dr. Beheshti Avenue, Shahid Sabounchi Cross, Tehran, Iran; and HALE,
Martin, International Institute for Aerospace Survey and Earth Sciences (ITC),
Kanaalweg 3, 2628 EB, Delft, The Netherlands

A Predictive GIS Model for Potential Mapping of Gold and Base Metal
Mineralization in Takab Area, Iran

Key Words: sediment-hosted gold .deposits, epithermal mineralization, hydrothermal
alteration mapping, structural mapping, magnetic signatures, weights of evidence
analysis, predictive GIS model

Interpretation of acromagnetic, Landsat Thematic Mapper (TM), geological and
mineral occurrence data are used to recognize the combination of mapped geological
features, hydrothermal alteration, and magnetic signatures that could be associated with
the known epithermal gold, arsenic, antimony, and base metal deposits in a 1,600 km?
area near Takab, northwest Iran. This area, part of the suture zone located between the
Afro-Arabian and Iranian plates, which extends more than 2,000 km to northeast of, and
parallel to, the Zagros thrust fault, comprises Precambrian metamorphics, Tertiary
volcano-sedimentary rocks, and Quaternary sediments.

A principal component (PC) transformation applied to selected reflective Landsat-
TM bands identifies iron oxides and hydroxyl-bearing minerals, some of which are
hydrothermal alterations associated with the known mineralization in the area. Gradient
images of aeromagnetic data depict major structures in the area, which appear to control
the hydrothermal fluid flow and mineral deposition. Reduction to the pole of total
magnetic intensity aids recognition of weak magnetic responses that could be associated
with zones of iron oxide hydrothermal alteration; two such zones characterize major
mineral deposits in the area. Analytical signal analysis of aeromagnetic data reveals that
high amplitude anomalies characterize many of the known mineral deposits and their
associated high magnetic-susceptibility igneous rocks both at surface and at depth.

Geological data such as permeable and reactive host rocks, surface igneous rocks,
and structures are integrated with the hydrothermal alteration and the subsurface igneous
heat sources, and four important parameters that could act as indicators of the occurrence
of further mineralization are determined. Four binary maps representing diagnostic
deposit recognition criteria have been combined using a weight of evidence model. The
model uses the spatial distribution of 19 known mineral occurrences to calculate a final
map of gold and base metal potential, based on the binary predictor patterns, for
undiscovered mineral deposits in the Takab area.
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ATKINSON, PM. (pma@soton.ac.uk), University of Southampton, Department of
Geography, Highfield, Southampton SO17 1BJ, UK.

Assessing Uncertainty in Fuzzy Land Cover Maps Obtained From Remotely Sensed
Imagery

Key Words: error, fuzzy classification, remote sensing, uncertainty

A common objective of remote sensing is the mapping of land cover.
Traditionally, this has been achieved using hard classifiers such as the maximum
likelihood classifier. In these circumstances, accuracy is readily assessed using the
confusion matrix or contingency table. Based on this matrix the overall user’s and
producer’s accuracies can be estimated as can the same accuracies per class. Further,
Kappa statistics can be estimated that allow for randomness in the matrix. During the last.
10 years or so, researchers have increasingly applied fuzzy classifiers, such as the fuzzy
c-means classifier and the mixture model that estimates the membership of a pixel, to
each class. Clearly, where a pixel represents a mixture of land cover classes (for example, -
20 percent cereals, 50 percent heathland, and 30 percent forest) fuzzy classifiers provide
the opportunity for greater accuracy, and for this reason, fuzzy classification has become
a fundamentally 'important approach in remote sensing. There is no accepted standard
method for assessing the accuracy of a fuzzy classification. A scatterplot between the
observed values and the estimated values provides a useful graphical representation of the
accuracy of the’estimates; however, quantitative summary of the information in the
scatterplot has proved elusive and researchers have often used ad-hoc combinations of
statistics, such as the mean error, root mean square (RMS) error, and correlation
coefficient.

The RMS error is insufficient because it is insensitive to the variance per class
and the overall number of classes. For example, a class that has small membership x in all
pixels (say 0%<x<10%) may be estimated with small RMS error by setting all pixels to
the mean membership for that class (say 5 percent) even though the correlation between
observed and estimated memberships is zero. The likelihood of having small
memberships per class increases with the number of classes c. The correlation coefficient
is insufficient because it is insensitive to bias such that r may be large when the
scatterplot lies away from the 1:1 line. A particular problem arises for classes whose
memberships are bimodal (i.e., little mixing as is often the case for "water" classes where
pixels are either close to 0 percent or 100 percent water but rarely lie between). Then r
can be large when the correlation within each "cluster" is zero. Several statistics were
evaluated that address these issues including schemes for standardising the RMS error
and weighting schemes for estimating overall precision and bias. First, the above issues
were explored using fuzzy maps of land cover obtained for four different sites
representing different biomes (New Forest, UK.; Cukurova Deltas, Turkey; BOREAS
site, Canada; HAPEX-Sahel site, Niger). These fuzzy maps were obtained from the
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National Oceanic and Atmospheric Administration’s (NOAA) Advanced Very-High
Resolution Radiometer (AVHRR) imagery (trained on classified fine spatial resolution
imagery) using a standard feed-forward back-propagation artificial neural network.
Second, the proposed statistics were evaluated using simulated data involving classes
with different distributions of memberships and different numbers of these classes.

BALLAS, Dimitris (d.ballas@gcography.leeds.ac.uk), CLARKE, Graham, and
TURTON, Ian, University of Leeds, School of Geography, Leeds LS2 9JT, U.K.

Exploring Microsimulation Methodologies for the Estimation of Household
Attributes

Key Words: microsimulation, micro-data, urban modelling, micro-scale, list-based
representation

Microsimulation is a rapidly expanding area of spatial modelling that seems to
offer great potential for applied policy analysis; however, currently there is considerable
debate on the most appropriate methodology for estimating micro-data. Household or
individual attribute data can be represented both as lists and/or tabulations. It has long
been argued (Birkin and Clarke, 1995; Clarke, 1996; Williamson et al., 1998) that the
representation of information on households and individuals in the form of lists offers
greater efficiency of storage and spatial flexibility as well as an ability to update and
forecast. This paper reviews the possibilities and methodologies of building list-based
population micro-data for small areas. First, it evaluates the methods that have been
developed and employed thus far for the estimation of population micro-data, outlining
the advantages and drawbacks of each. Then the paper investigates the comparison of
methods for generating conditional probabilities by statistical matching techniques, or by
using probabilities directly from household data sets such as the Samples of Anonymised
Records (SARs) and the Small Area Statistics (SAS) from the U.K. Census of Population.
In addition, it explores the combination of these methods in a microsimulation framework
and presents micro-data outputs from a local labour market microsimulation model for
Leeds. Finally, it highlights the difficulties of calibrating this kind of model and
validating the model outputs, given the absence of suitable observed statistics

BENENSON, Itzhak (bennya@post.tau.ac.il), OMER, Itzhak and PORTUGALI, Juval,
Tel-Aviv University, Department of Geography and the Human Environment, 69978,
Ramat-Aviv, Tel-Aviv, Israel

An Agent-Based Model of Residential Mobility in the Tel-Aviv Metropolitan Area

Key Words: agent-based modeling, GIS-based model, residential mobility, residential
segregation
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An attempt to construct an agent-based model of a residential mobility in Tel-
Aviv is described. It is based on a hybrid of a PC-based GIS and High-Performance (HP)
parallel computer. The GIS serves as a tool to represent and model immobile
infrastructures, and, as a user's interface while the HP is a computation engine for
simulating residential mobility. At the current stage of the research we have accounted
for urban physical structure and residential distribution only (ignoring, for instance, the
distribution of jobs).

An urban system in the model is decomposed into two compartments, i.e.,
physical properties and population, according to different time scales in which their
dynamics take place. For example, in Tel-Aviv, during last 30 years, new dwellings
appear at a yearly rate of 1 percent and below, while the rates of internal residential
mobility, out-migration and in-migration, each remain at an annual level of 5 percent. To
represent infrastructure, land parcels, buildings, and the links of the street networks are
considered as basic units. They are organized as a set of layers within the high-resolution
(vector) GIS of the Tel-Aviv metropolitan area. GIS serves as the ground upon which to
place the model of residential mobility. Descriptions of urban population mobility are
based on the description of the residential behavior of an individual decision-maker
(householder).

Data on the city's inhabitants are based on the Israeli Central Bureau of Statistic
(CBS) databases, which are partially available for supervised research. Model agents
have the ability to estimate the state of the city and to behave in accordance with their
own properties, the local information regarding the state of the neighborhood, and of the
neighbors and the global information based on the state of the city as a whole. Based on
this information, agents immigrate into the city, occupy and change residential locations
there, and leave the city when conditions become unsatisfactory. When residing in the
city, agents instantaneously re-estimate the available information on the neighborhood,
and on the whole city, and react to changes by adjusting their properties and residential
behavior. As a result, the dynamics of the entire urban system are described as the
collective consequence of complex interactions of numerous immobile infrastructure
units and mobile human agents. Several algorithms aimed to determine the neighboring
buildings, based on visibility, adjacency, and the other geographic (geometric) relations
among houses, streets, and open spaces and are implemented within infrastructure GIS.
We assume that the influence of a city's global structure on an agent's properties increases
with the level of residential segregation according to this property. Residential
segregation is recognized and described in the model by means of local measures of
spatial autocorrelation.

Simulation experiments are held for neighborhoods in the southern part of Tel-
Aviv-Jaffo- with its heterogeneous population distribution. They demonstrate that if we
introduce sufficiently strong tendencies of individual agents to depart from alienating
neighbors, and to resettle in more fitting neighborhoods, then the likelihood clustering of
agents of similar properties are establishing. In this way we can easily obtain spatial
clusters of individuals of similar levels of income, origin, etc. The extension and form of
the clusters is essentially influenced by the local topology of a city space. A distance-
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independent search entails non-diffusion dynamics of urban residential distribution. A
relatively homogeneous group of agents can be established in the model far from the
current residence of the majority of the group members.

BERGER, Henry and SHINE, James (ishine@tec.army.mil), U.S. Army Topographic
Engineering Center, 7701 Telegraph Road, Alexandria, VA 22315-3864

Estimating Subpixel Geospatial Features

Key Words: small-scale geospatial non-uniformities, derivative-as-limit algorithms,
radiance, irradiance

Geocomputational literature describes spatial data acquisition from motion video
with pixel-level detail that aims at building 3-D models of ground surface features that
may be used in applications to develop topographic maps for geographic information
systems (GIS). This paper describes a method for estimating subpixel geospatial features
from spatial imagery when the details of these features are too small, or have spatial
nonuniformities that vary so rapidly, that normal pixel-level spatial imagery has
insufficient resolution to determine these special features.

The paper "Spatial Data Acquisition From Motion Video," by M. Williams, in
Volume II of the proceedings of GeoComputation 1996, lists and differentiates between a
number of methods used to obtain spatial data for GIS from imagery. While conventional
photogrammetry requires a widely spaced pair of images, the method employing motion
video proposed in that paper, which is a form of photogrammetry that avoids the
correspondence problem, uses a dense image set; thus, the availability of subpixel
information may lead to more accurate, detailed results.

The current paper describes a method that estimates a mini-image within each
pixel. Normally an image consists of an orderly array of pixels. Each pixel in an image is
seen as a single dot on a display unit. This corresponds to an average value of all that is
seen within the nonzero-sized instantaneous-field-of-view (IFOV) of a single detector, or
smallest element of film represented in a digitization process. Such detectors or film
elements represent the most basic sensing element within an array of elements that
comprise the total optical sensor.

There may be many reasons for concern about representing all that is seen within
the IFOV by a single averaged numerical value for each wavelength band. Some
examples are when there are fine surface features, relatively rapid changes in ground
composition causing corresponding changes in ground reflectance, relatively small
structures and objects, or relatively abrupt changes in ground surface altitude (such as
may occur with hills, buildings, and mountains).

The November 1998 Optical Engineering article, "Data Analysis Systems for
Films," by D. Zhang, et al., on subpixel estimation for sequential spatial imagery of
moving objects recorded on film, then converted to digital imagery, uses a correlation
technique to better locate a small number of key spatial points in the image. The current
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paper describes a method that estimates, for the region within each pixel/IFOV, spatial
coordinates of effective centers'-of-gravity of the optical illumination based on
illumination data from neighboring pixels/IFOVs.

These, in turn, form the basis for setting up local coordinate systems in which
interpolation based on data from neighboring sensing elements are used to estimate the
illumination intensity at each spatial point within each IFOV for all of the detectors or
film elements in the array. This all can be done recursively. Center-of-gravity techniques
have been used very successfully in sky-viewing optical trackers tracking a single source
of illumination with some instruments yielding accuracies better than 1/100 of a pixel;
however, this seems to be the first method for ground-viewing sensors that require
determination of centers-of-gravity within each pixel.

BOSCH, Edward H. (edward.h.bosch@usace.army.mil), U.S. Army Topographic
Engineering Center, 7701 Telegraph Road, Alexandria, VA 22315-3864

Texture Information and Supervised Classification of Hyperspectral Imagery by
Means of Neural Networks

Key Words: neural networks, hyperspectral imagery, supervised classification, texture
measures, spatial information

In numerous studies, including those of the U.S. Army Topographic Engineering
Center (TEC), researchers have used the spectral dimension of hyperspectral imagery for
the purpose of classifying such data sets. In some cases, hyperspectral data sets are made
up of hundreds of narrow spectral bands. The totality of the useful spectral bands are
treated as a high-dimensional vector, which may be modeled by means of different
mathematical and statistical methods. In the case of a supervised classifier, a very simple
and often used method consists in obtaining the spectral mean for each of the training
classes, and then computing the angle between the spectra in question and each of the
corresponding spectral means. Since the spectra is being treated as a vector, the above
classifier literally corresponds to the inverse cosine of the inner product of two vectors.
The sample being classified is assigned to the class associated with the smallest angle.
Each spectral sample (vector) also is normalized. ,

At TEC, we have developed and extensively employed a version of the back
propagation algorithm to obtain neuro-spectral models, which are used to classify
hyperspectral imagery. In this study, we investigate the potential of neural networks to
discriminate texture information using hyperspectral data. The data associated with
texture will be obtained from one of the bands of the hyperspectral data set and will be
used in both the training and classification phases. Since texture is related to spatial
information, one of the questions that needs to be addressed is the pixel size of the search
window (kernel).

Clearly, if the size of the window is just one pixel in length and width, the amount
of data in this window is not sufficient to be considered texture information.
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Nevertheless, this case is not unreasonable if we use the remaining spectral bands to
perform the analysis; however, this corresponds to the case of classifying hyperspectral
imagery with spectral data as opposed to spatial data. Conversely, if the size of the
window is too large, the network may not be able to correctly classify the texture data
when there is more than one type of texture within the window. Although this situation is
inevitable, a way to circumvent this problem may be provided by generating a texture
class, which is a combination of at least two textures.

Since contiguous hyperspectral bands are so highly correlated, we will determine
how well a neural network, obtained from one band, classifies such contiguous bands.
This will help us further analyze surfaces whose textures are similar but whose mean
amplitudes are different.

CARRANZA, Emmanuel John M. (carranza@itc.nl), HALE, Martin, Mines and
Geosciences Bureau, Region 5, Philippines, PRESENT ADDRESS: International
Institute for Aerospace Survey and Earth Sciences (ITC), Kanaalweg 3, 2628 EB Delft,
The Netherlands

Geologically-Constrained Probabilistic Mapping of Gold Potential, Baguio District,
Philippines

Key Words: Bayesian probability theory, spatial correlation, mineral potential mapping,
Baguio Gold District

An approach using the Bayesian probability theory for mapping mineral potential
is demonstrated in the Baguio mineral district of the Philippines. The approach involves
extraction of binary predictor geological patterns based on the quantified spatial
correlation between a number of geological features and the locations of mineral
occurrences.

Whereas in its simplest form the binary code of a unit cell or pixel represents
presence or absence of a mineral occurrence, the binary pattern of a predictor curvilinear
geological feature represents the presence or absence of mineral occurrence points in
unspecified cell(s) or pixel(s) within the area of the pattern. The areal extent of such
patterns needs to be set, for example by using appropriate cutoff distance away from the
predictor curvilinear geological features.

Using Bayes' rule, two probabilities can be computed in which a binary predictor
pattern contains a mineral occurrence. The loge of each of these probabilities are the
weight for the binary predictor pattern present, W+, and the weight for the binary
predictor pattern absent, W-, respectively. If a binary predictor pattern is positively
correlated with mineral occurrence points, W+ is positive and the contrast, C=3DW+-W-
is a measure of the spatial correlation between a geological feature and a set of mineral
occurrence points. The Studentized C (i.e., the ratio of C to its standard deviation)
provides the basis for determining cutoff distances from the linear and curvilinear
geological features when these features are converted into binary predictor patterns. The
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loge of the posterior odds of a mineral occurrence given the presence/absence of a binary
predictor pattern is then obtained by adding the weights of the binary predictor patterns to
the loge of the prior odds. Combining the binary predictor patterns results in a map of
posterior odds, which when converted to posterior probabilities, represents favourability
for mineral potential. Combining the binary predictor maps assumes that these maps are
conditionally independent from one another with respect to the mineral occurrence
points. Conditional independence is tested through pairwise calculation of chi-square
values and, from the map of posterior probabilities, by comparing the predicted and
observed number of mineral occurrences.

The Baguio datasets consist of (1) geological maps, (2) lineaments representing
mapped faults/fractures, (3) large-scale gold occurrences data, and (4) small-scale gold
occurrences data. The results show that the input binary maps of importance for
predicting known large-scale and small-scale gold occurrences are (1) proximity to Late
Miocene - Pleistocene intrusive complexes, (2) proximity to the Late Oligocene - Early
Miocene Agno Batholith, (3) proximity to NE-trending lineaments, (4) presence of the
Zigzag and Pugo Formations, and (5) proximity to NW-trending lineaments. Pairwise
chi-square tests show that the binary predictor patterns are conditionally independent
with respect to the large-scale gold occurrences. On the other hand, the map of proximity
to intrusive complexes and the map of proximity to the Agno Batholith show conditional
dependence with respect to the small-scale gold occurrences. However, the resulting map
of posterior probabilities indicates that conditional independence is not violated when
these maps are used. The resulting map of posterior probabilities based on the large-scale
gold occurrences shows that 79 percent of the known large-scale gold occurrences are
associated with zones having posterior probabilities greater than, or equal to, the prior
probability. In this map, 58 percent of the known small-scale occurrences are associated
with the zones of gold potential. The resulting map of posterior probabilities based on the
small-scale gold occurrences shows that 70 percent of the known small-scale gold
occurrences are associated with zones having posterior probabilities equal to, or greater
than, the prior probability. In this map, 56 percent of the known large-scale gold
occurrences are associated with the zones of gold potential. Both predictive maps indicate
that the probabilistic approach to mineral potential mapping is effective for the Baguio
district datasets in that they predict several zones of gold potential that are close to the
known gold occurrences.

CHALASANI, Venkat, (vsc4d@virginia.edu) and BELING, Peter (beling@yvirginia.edu),
University of Virginia, ATTN: Systems Engineering, Olsson Hall, Charlottesville VA
22903

Road Extraction from Digital Images Using Linear Programming and Cost
Functions

Key Words: road extraction, linear programming, classification, cost functions
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Remote sensing data of the Earth's surface is readily available in digital format.
These data can be used for identifying certain features of interest in the image with the
assistance of computers. To identify a feature of interest we not only have to classify
individual pixels as belonging to a specific class, but also identify a set of such pixels as a
part of the feature. We refer to this process as feature extraction. Roads have certain
interesting properties that can help us in extracting the roads from the image. This can be
practical in terms of creating and updating digital maps.

In this paper we propose a two-step process for extraction of roads and
demonstrate the results from an Airborne Visible Infra Red Imaging Spectrometer
(AVIRIS) image of an area near Williamsburg, Virginia. The first step in our
methodology is a classification step in which the bands of the image are treated as
attributes. We create a training set by manually identifying certain coordinates as
belonging to a specific class, such as road or soil, and then list the attributes for the
specific coordinates obtained from the bands of the image. We use linear programming to
create a discriminating surface between different classes. The linear program is
formulated to find a surface in which all the points of one class in the training set are on
one side of the discriminating surface, and all points of the other classes in the training
set are on the other side of the surface. If it cannot find such a surface, it finds a surface
that minimizes the average sum of errors, where an error is the distance to the separating
surface if a point falls on the wrong side of the surface. By separating out the classes one
after another, the separating surfaces form a decision tree. The decision tree is then
applied to all the pixels of the image to identify pixels belonging to the class road. We
use the distance to discriminant surfaces for each pixel to assign it a probability measure
of being a road, which is then converted to a gray scale value and is used to rebuild the
image with only roads. We also show results of using LP for feature selection in a nearest
neighbor-based approach.

' As a second step, certain properties of the roads, such as their elongation and
contrast to the adjoining pixels, and the grayness measure created as a result of step one,
are used to create cost functions. The function has a lower value if the configuration of
pixels is closer to what we would expect from a road, and is higher otherwise. We then
use dynamic programming to trace a minimum cost path through the pixels of the image
produced by classification. We show that this approach is effective in tracing roads in a
road network.

L S

CHEN, Weiso (w.chen@mluri.sari.ac.uk), Macaulay Land Use Research Institute,
Craigiebuckler, Aberdeen, AB15 8QH, U.K.

3-D City: Prototyping Techniques for Urban Design Modeling

Key Words: visualization, urban design, 3-D modeling, choice experiment

Architects and planners have recognized the advantages of computer-aided design
(CAD) packages in their daily practices. Many CAD packages are now necessities in
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most design firms and planning authorities, replacing drawing boards. Use of CAD
systems do improve practitioners' work in many aspects; however, the essence of the
design and planning work does not change. The use of CAD packages transform a
- designer's desk into an electronic drawing board, and more. For example, visual aid
techniques and visual impact analysis have long been used to assist professionals such as
urban designers, town planners, and landscape architects in their design and planning
practices; however, traditional visual aid techniques such as physical modeling,
perspective drawings, photo montage, and visibility determination have proven either
inaccurate or too costly to manage. What makes it even worse is that once a model is
built, any changes to the original design cannot be easily applied to the already
constructed model. These shortcomings can be overcome because of the development of
computer hardware and software along with advances in spatial database design and
structure which, we believe, will fundamentally change the way designers work.

The new technology, dynamic real-time 3-D modeling, as an emerging modeling
technique, has been used in scientific and engineering fields for more than two decades to
assist scientists in getting insight into object relationships that otherwise cannot be
revealed. The 3-D trend, is influencing the urban design community as well, as a
promising 3-D, real-time interactive urban design modeling technique. This paper
presents an outline of an.urban design project aiming at using the state-of-the-art 3-D
modeling techniques with an option of choice experiment methodology to assist local
enterprise organizations to develop strategic plans to revitalize local economy. We
conclude this presentation with future work and directions.

CHRISTAKOS, George (george christakos@unc.edu), SERRE, Mark
(marc_serre@unc.edu), University of North Carolina, 111 Rosenau Hall, CB# 7400,
DESE, Chapel Hill, NC 27599-7400

Modern Enviroinformatics: BME Mapping in Light of Uncertain Physical
Knowledge Bases - The Equus Beds Case Study

Key Words: spatiotemporal mapping, stochastic, uncertainty, enviroinformatics, terrain
systems

This work is concerned with the Bayesian maximum entropy (BME) method,
which can rigorously and efficiently handle space/time mapping applications of
considerable practical importance. BME, which belongs to the field of Enviroinformatics,
can integrate and process physical knowledge that belongs to two major bases: general
knowledge (i.e., obtained from general principles and laws, summary statistics, and
background information) and specificatory knowledge (i.e., obtained through experience
with the specific situation). BME allows considerable flexibility regarding the choice of
an appropriate spatiotemporal map, offers a complete assessment of the mapping
uncertainty, and contributes to the scientific understanding of the underlying natural
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phenomenon. Valuable insight is gained by studying a spatiotemporal data set
representing water-level elevations at the Equus Beds aquifer (Kansas). Numerical results
show that, as was expected in theory, classical geostatistics results are obtained as special
cases of the BME approach. In addition, a more accurate and informative analysis is
possible by incorporating various sources of physical knowledge that cannot be processed
by classical geostatistics methods.

COVA, Thomas J. (cova@gcog.utah.edu), University of Utah, Department of
Geography, 260 S. Central Campus Dr., Room 270, Salt Lake City, UT 84112-9155; and
CHURCH, Richard L., (church@geog.ucsb.edu), University of California Santa Barbara,
Department of Geography, Santa Barbara, CA 93016

Exploratory Spatial Optimization and Site Search: A Neighborhood Operator
Approach

Key Words: site search, spatial optimization, exploratory spatial data analysis

This paper describes a framework for searching a discrete representation of
geographic space for an optimal site of finite area in which to locate a particular land use
or activity. The approach relies on a point-to-area neighborhood operator that is capable
of identifying the best contiguous site that includes a given point in a study area, where
the area and shape of the site may vary. The framework represents a synthesis of concepts
drawn from cartographic modeling (Tomlin, 1990), optimal land allocation (Wright et al.,
1983), and land suitability mapping (Lyle and Stutz, 1983). The result of applying an
optimal site search neighborhood operator to every point in a study area is a mathematical
field of best site boundaries, one for each point, that we refer to as a site field. A site field
does not lend itself to static visualization in two dimensions, and we describe a means for
interactively exploring one. A significant benefit of adopting a neighborhood operator
approach in a discrete geographic data modeling context is that it serves to spatially
decompose the global site search problem into a set of smaller local problems; thus, the
computational effort required to solve an optimal site search problem at a point is not tied
to the number of spatial units in the global data set. Using this approach, we can
efficiently search large spatial data sets for an optimal site in which to locate a land use or
activity.
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CROWTHER, Paul (P.Crowther@utas.edu.au), HARTNETT, Jacky, WILLIAMS, Ray,
PENDELBURY, Steve, University of Tasmania, School of Computing, P.O. Box 1214,
Launceston, Tasmania, 7250, Australia

Developing Quality Training Data for a Statistical Decision Tree Classifier in a
Spatial Environment

Key Words: training data, remote sensing, statistical classifier

One of the strengths of a remotely sensed data set is that it represents a complete
spatial population; however, in order to make sense of this population, the most
successful classifiers first require that areas of the image be selected as training data. This
paper describes a method that solves the problem of selecting suitable training sites when
it is not practical to select these using ground truth. The method was developed to provide
a training data set for a statistical decision tree classifier to analyse the National Oceanic
and Atmospheric Administration's (NOAA) Advanced Very-High Resolution Radiometer
(AVHRR) multispectral satellite images of Antarctica. This was in response to a user
request for a tool to develop a data set for a statistical decision tree package, "S-Plus." It
was found that the same tool could be used to create training data for use with other
systems. '

Statistical classifiers are dependent for their accuracy on the quality of the training
data rather than on the algorithm used for classification. The training data set needs to be
representative of the whole area to be classified. The populations of pixels used for
training must be statistically significant. This means that there is a need to know the
minimum number of observations required to characterise a particular site to an
acceptable level of error.

Ground-truthed training data in Antarctica is difficult to obtain. In other domains,
for example, vegetation classification training data are developed using ground truth
combined with aerial and satellite interpretation to identify representative vegetation
types. Vegetation is relatively stable over time. In Antarctica there can be rapid changes
in features such as sea ice that cannot easily be verified on the ground; therefore, training
data must be developed directly from satellite images.

The tool allows an expert image interpreter to choose sample points on an image
and apply a label to each one. The label and pixel values for that point on all bands are
then stored. The tool's operation gives the user the choice of automatically sampling an
image or allowing a user to sample the image in a directed way. In the former case the
user can specify the coarseness of the sampling grid and then is asked to supply names at
each sampling point. The user can switch between image bands to help decide on the
label to be attached to the sampling point. It is possible to switch between automatic

35



H 4™ International Conference on GeoComputation
nencnmn“‘allnn \ Mary Washington College
] Fredericksburg, Virginia

100000000

sampling and user-directed sampling. This feature was added because if a coarse grid was
chosen for automatic sampling, some important features could be missed.

This paper will describe the operation of the spatial sampling tool and the results
of using the sample to develop a decision tree by submitting this sample to the S-Plus
decision tree package. The results of applying this decision tree to classify Antarctic sea-
ice will be presented.

CURRAN, Paul J. (P.Curran@soton.ac.uk), Department of Geography, University of
Southampton, Highfield, Southampton SO17 1BJ, UK.; DAWSON, Terry P.
(terry.dawson@ecu.ox.ac.uk), Environmental Change Unit, University of Oxford,
Mansfield Road, Oxford OX1 3TB, UK., WICKS, Toby E. (tew(@soton.ac.uk),
Department of Geography, University of Southampton, Highfield, Southampton SO17
1BJ, UK.

Remote Sensing and Process-Based Modelling

Key Words: remote sensing, process-based models, LIBERTY, FLIGHT, FOREST-
BGC, BOREAS

The use of remote sensing in ecology is predicated both on a need to understand
the interaction of radiation with vegetation, and to couple this with aspects of
environmental understanding. A key to the ecological use of remote sensing has become
the application of process models that enable us to understand the interaction of radiation
with a leaf and a canopy and to use remotely sensed data to drive an a-spatial ecosystem
simulation model over large areas of terrain. By way of illustration, this paper will focus
on the application of three process models to contemporary ecology. The first is the Leaf
Incorporating Biochemistry ~Exhibiting Reflectance and Transmittance Yields
(LIBERTY) model that can be used to determine the effect of key variables (e.g., water
or chlorophyll content) on leaf spectra. The second is the Forest LIGHT interaction
(FLIGHT) model that can be coupled with LIBERTY to determine the effect of key
variables (e.g., water or chlorophyll content) on canopy spectra. The model is the
FOREST-Bio-Geo-Chemical (FOREST-BGC) model that enables, via the coupling of
remotely sensed data with ecosystem understanding, the spatial estimation of vegetation
productivity.

The utility of these three models will be illustrated, by reference to research
undertaken, as part of an international environmental research programme called BOReal
Ecosystem Atmosphere Study (BOREAS). Specifically the LIBERTY model will be used
to investigate the spectral sensitivity of conifer needles to changes in foliar biochemical
content. The combined FLIGHT and LIBERTY models will be used to determine the
degree to which foliar biochemical information is retained in the spectrum of a conifer
canopy. The FOREST-BGC model will be driven, using leaf area index estimates from
the National Oceanic and Atmospheric Administration's (NOAA) Advanced Very High
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Resolution Radiometer (AVHRR) data and used to estimate the net primary productivity
of boreal forest.

The paper ends with discussions of the modelling approaches mentioned above, to
the understanding and use of remotely sensed data from European Space Agency's (ESA)
Envisat satellite.

-

DEBOER, Dirk H., ( deboer@duke.usask.cé), University of Saskatchewan, Department of
Geography, 9 Campus Drive, Saskatoon, Saskatchewan, S7N 0J1, Canada

Self-Organization in Fluvial Landscapes: Sediment Dynamics as an Emergent
Property

Key Words: cellular automata, emergent properties, complexity, fluvial erosion, sediment
load

Landscapes are the end product of the interaction of form and process at a variety
of temporal and spatial scales. As a consequence, landscapes are inherently complex.
Nevertheless, at least part of the complexity of a landscape arises from processes that
follow very simple rules such as: the pull of gravity results in a down slope transfer of
water and sediment; a steeper slope angle results in a faster flow of water and erosion;
and sediment deposition occurs when the slope angle decreases. One of the effects of
these rules is that when they are applied at small scales, the resulting landscape has large-
scale properties such as drainage density and drainage network configuration. These
emergent properties are not part of the basic, small-scale rules but, instead, result from
the application of these rules and the ensuing self-organization of the landscape.

This paper discusses a cellular model of the long-term evolution of a fluvial
landscape. The model is set in motion by selecting a cell at random and applying rainfall
to this cell. Erosion takes place as the water moves as runoff to the lowest neighboring
cell. During the next time step, the runoff is routed from the lowest neighbour to its
lowest neighbour, and in addition, a new cell to receive rainfall is selected at random. In
the model, sediment is routed downslope according to a transport equation with the
transport rate proportional to the slope to the power of an exponent; thus, the model
allows both erosion and deposition of sediment depending on the difference between the
sediment input and output of a cell. The model allows runoff from cells to converge,
resulting in increased sediment transport rates downstream. Starting with a block-faulted
landscape, over time a drainage network evolves. Sediment export records of the drainage
basins display a complex behaviour, even though there are no external factors that would
explain the variations in sediment export. The complexity of the sediment dynamics in
the model arises from self-organization within the modeled system itself. Studies like
these are a first step towards separating the impact of this aspect of complexity on the
sediment export and depositional record from the impact of external factors associated
with global change.
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DEHN, Martin (martin@giub.uni-bonn.de), GAERTNER, Holger
(holger@slide.giub.uni-bonn.de), and DIKAU, Richard (rdikau@slide.giub.uni-bonn.de),
University of Bonn, Department of Geography, Meckenheimer Allee 166, D-53115
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Principles of Semantic Modeling of Landform Structures
Key Words: landform structure, semantic modeling, geomorphometry, scale

Landform as a result of various processes acting on the surface is also seen as a
static boundary condition for processes in geomorphology, hydrology, meteorology, and
others. The description, parameterization, and modeling of landform structures, as well as
the definitions of nomenclatures, are fitted to the requirements of the mentioned
disciplines, and therefore are often strongly divergent. As a consequence, representations
of landform structures of different disciplines often are not compatible and require
frequent revisions and adaptations. Being aware of these difficulties, an interdisciplinary
Postgraduate School (Graduiertenkolleg) on landform structures was established at the
University of Bonn. Within this school, geoscientific disciplines are working together
with mathematics, photogrammetry, and computer science in order to derive a
comprehensive insight into some of the problems. The presented study is carried out in
the frame of this Postgraduate School.

Principles of the semantic approach will be presented in this paper. The main
objective is a semantically correct description of landforms that is useful to all disciplines
related to surface structure.

The presented approach is not based on traditional terms, such as peak, valley, or
hillslope, in the initial phase of definitions; in contrast, it is focusing on geometric forms
as a basic property in a much more objective way. Form, position, and the spatial
arrangement of forms (topology) are considered. The hierarchical approach is starting
with form facettes that can be clustered to form elements based on specific rules. A larger
set of form elements can be grouped to landform associations depending on topological
conditions that have to be defined based on the theoretical background of geoscientific
disciplines. While geometric forms and parts of positions are already defined to a certain
degree, topology and the structure of landform components are still a field of research.
The outlined basic approach enables the development of a modular modeling framework
in which the focus is on semantic representation in the first place and, only thereafter,
special features of DEMs, tools, and algorithms have to be considered.

Scale is not explicitly addressed in the basic semantic representation of landform
structure. It is discussed if this provides a possibility to apply the concept from small to
large scales.
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DOKKA, Roy K. (rkdokka@biotite.geol.lsu.edu), Louisiana State University,
Department of Geology and Geophysics, Baton Rouge, LA 70803; WATTS, Joseph M.,
(watts@tec.army.mil), U.S. Army Topographic Engineering Center, Topographic
Research Division; LADUE, Denise R. (dladue@tec.army.mil), Operations Division,
Alexandria, VA 22315

Spatial Pattern Analysis of Compositional Landforms in the Mojave Desert,
California

Key Words: spatial pattern analysis, surface composition, geomorphic landforms, Mojave
Desert

The Louisiana State University and the U.S. Army Topographic Engineering
Center (TEC) have recently mapped geomorphic landforms, surface compositions, and
geologic ages of the California portion of the Mojave Desert in support of the Mojave
Desert Ecosystem Project. Using an integrated combination of spaceborne spectral
scanners, airphoto interpretation, and geological field techniques, we have delineated
~30,000 polygons at a minimum mapping unit of 10 hectares for an area ~150,000 km®.
These GIS coverages are intended to impact a wide range of public and private sector
functions including decision support for regional land managers, mineral exploration,
education, and land use planning. '

A detailed, regionally uniform dataset, such as this product, also contains a wealth
of spatially explicit information that can be used for hypothesis construction and testing
by research scientists. The objective of this paper is to present an exploratory spatial
pattern analysis of Mojave Desert landforms to facilitate future scientific inquiries
regarding causal relationships between tectonic process and geomorphic pattern. Our
focus is on the identification and quantification of similarities and differences in
physiographic composition (number of categories, proportions, diversity) and
configuration (size, shape, adjacency, sinuosity) at sample locations. Hydrologically
defined landscape units will be selected in the tectonically dissimilar western, central, and
eastern sections of the Mojave Desert. For each sample, standard metrics of
physiographic heterogeneity will be computed and compared for statistical similarity. In
addition to tabular analysis, cartographic visualizations of the compositional landform
database will be presented.

DOUGHTY, Jonathan (jwd@mitre.org), The MITRE Corporation,1820 Dolley Madison’

Boulevard, McLean, VA 22102
Interoperable Geospatial Objects

Key Words: integration, metadata, interoperability, expert system, distributed computing
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Geospatial interoperability, the ability for two or more heterogeneous data sets to
interact with one another, is increasingly an issue for users of spatial data. Commercial
and Government sources are making increased amounts of geospatial data and
applications available, in many cases outside the distribution channels that heretofore
provided control on data misuse in the past. Emerging products are designed for use by
non-GIS professionals who are generally unaware of the complexities of map projections,
datums, scale, topology, and accuracy.

The research project that this paper describes is developing a geospatial
information interoperability envelope to surmount these problems: an object that contains
the methods that can act upon geospatial information in addition to the information itself.
This envelope contains knowledge about the geospatial information that it accompanies
and can ensure the data's integrity and pedigree. The envelope and the information it
accompanies becomes "Interoperable Geospatial Objects” that can migrate from system
to system.

This research seeks to demonstrate the integration of independent geospatial and
imagery components by making use of emerging distributed objects and web
technologies. The first stage of the research has focused on developing an interoperability
model for geospatial data use: a mechanism to validate integration operations in the
context of intended use and metadata about geospatial data. Geospatial objects in the
current prototype are made up of metadata about the underlying data sets combined with
the interoperability characteristics that are validated by the prototype as being an
appropriate use of the data given the user's context.

Underlying the research prototype are a small but growing set of software
geospatial "experts" that understand interoperability problems and attempt to warn the
user when integration problems, e.g., mismatched datums, projections, or inappropriate
scale changes, are identified.

DOWERS, Steve (sd@geo.ed.ac.uk), GITTINGS, Bruce and MINETER, Mike,
University of Edinburgh, Department of Geography, Drummond Street, Edinburgh, EH8
9XP, UK.

Towards a Framework for High-Performance Geocomputation: Handling Vector-
Topology within a Distributed Service Environment

Key Words: high-performance computing, vector topology, OpenGIS, software libraries,
service architectures, algorithms

High performance computing has been shown to be a critical technology to realise
current and future spatial data handling requirements. While commercial parallel
processing approaches within DBMS are providing the performance for underlying
integrated data models, the acceleration of spatial analyses remains to be addressed. This
paper investigates the scope for a framework that integrates parallel implementation
within a service architecture such as that proposed by the Open GIS Consortium.
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The application of parallel processing to spatial analyses requires flexible
strategies for decomposition of data if a scalable solution is to be achieved. Such
strategies are relatively well-known for grid, raster, and digital terrain data, and for the
spatial analysis of point data. These techniques are not established for vector-topological
data. Furthermore, the application of parallel processing to geocomputational algorithms
has been limited to specialists and has not made the transition to the operational area of
the end-user as has happened with database technology. Previous work by the authors has
explored the issues involved in designing a generic approach to the handling of vector
topological data in parallel and to the development of parallel libraries that encapsulate
the complexity of the parallel implementation. The goal has been to allow the algorithm-
implementor to concentrate on the specifics of the modelling process, and also take
advantage of the performance gains from parallel architectures in a portable manner.

Some success in this approach has already been reported in previous publications,
while current projects are testing implementations of potential components of a parallel
library concerned with input, distribution, collation, and output. Central to the details of
these implementations is the choice of data models and the representations of features,
geometry, and the topological relations between them. Existing work by the authors has
been based on the use of Neutral Transfer Format (NTF) Level 4 model which is part of a
British Standard. Current work is exploring the issues of the interface between parallel
applications and other systems and services. These systems may include thin clients,
spatial analysis engines, and databases with spatial capabilities. The OpenGIS Abstract
Specification Model addresses many of the issues associated with these interfaces,
including data models and data exchange. This paper will explore the implications of this
and related models for our existing design work, and will identify the role of parallel
libraries and high-performance applications in the general framework of a service
architecture. Debates are ongoing as to the benefit of stored versus generated topology
with integrated spatial data stores; we shall explore the generic nature of algorithm
designs and the extent to which they can apply in these differing contexts.
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A Stochastic-Dynamical System for River Basin Runoff in Complex Terrain: A Case
for Low-Dimensional, Physically-Based Models

Key Words: stochastic forcing, runoff, physiography, dynamical systems

This paper develops a strategy for the formulation of physically-based, low-
dimensional models of precipitation-storage-runoff in regions of complex topography or
drainage density. The goal of the research is to improve river flow and stage forecasting
by explicitly including the physical processes of soil moisture and groundwater in
addition to surface and channel processes. The basic concept is that soil-moisture and
groundwater storage form an extended dynamic state-space forced by stochastic weather
and climate conditions, and that runoff is a nonlinear function of these states (storage).
The general model is in the form of an n-dimensional, nonlinear, discrete dynamical
system. For a given river basin, the particular state-space dimension (n) is estimated from
the eigenspectrum and dominant eigenmodes of historical river discharge, soil moisture,
groundwater level and/or remotely-sensed time series. The regional physiography and
conceptual geohydrology are used as a basis to qualitatively interpret spatio-temporal
modes found in the data. Once formed, the parameters of the dynamical system are
estimated using the genetic algorithm and the stability of the model is examined. Data
analysis, calibration, and validation of runoff forecasts from river basins within diverse
physiographic regions and space-time scales are presented including: Appalachian
Plateau (PA), Valley and Ridge (PA), and Basin and Range (Utah). Results demonstrate
that runoff records are generally well-described by a low-dimensional model provided
that the dominant state variables (e.g. time and space scales) are incorporated.

DUKE-WILLIAMS, Oliver (oliver@geog.leeds.ac.uk), University of Leeds, Centre for
Computational ~ Geography, Leeds LS2 9JT, UK, and BLAKE, M.
(mblake@gisca.adelaide.edu.au), University of Adelaide, Key Centre for Social
Applications in GIS, 10 Pulteney Street, Adelaide SA 5005, Australia

Database Fusion for the Comparative Study of Migration Data

Key Words: migration, time-series, WWW, visualization, distributed databases,
demographic modelling
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Internal migration is one of the key processes influencing the population of small
areas, together with the natural agents of birth and death. In most post-industrial countries
it is both the most significant and the least predictable component of change. The study of
migration is often made difficult by the particular characteristics of data collected-
alternative datasets may not be directly comparable, data may be of limited extent, or
where data does exist, it may do so in sufficiently large volumes so as to make analysis
daunting. In addition, both the data themselves, and the results of analysis, can be
complex, and require large amounts of metadata to support their explanation.

This paper describes a software system designed to facilitate the comparative
study of two time series of migration data, respectively, detailing patterns of internal
migration in Australia and the U.K. Both datasets stretch over a concurrent 20-year
period (1976-1996), but they are different in conceptual structure: the Australian data
describes migration transitions over four inter-Censal 5-year periods, whereas the U.K.
data consists of 20 years of migration event data compiled from administrative registers.
A database has been designed that contains both source data and data transformed
through demographic models, which is intended to generate migration statistics, and
measures which can be directly compared, in order to permit the study of features and
patterns of change in migration in the two countries, with the primary aim being the
elucidation of age-period-cohort relationships in the two sets of data.

The system is constructed from web servers coupled via server-side scripts to
RDBMS servers in a manner that is intended to be flexible in terms of hardware and
software used, and also to allow servers in the two countries to offer complementary
services. The use of a hypertext system allows familiar interfaces to be offered to the
user, and as much supporting explanatory text as is needed. The system is designed to
support a wide variety of requirements ranging from the extraction of subsets of data to
be imported into external analysis packages, and the generation of statistics describing
the intensities and effects of migration for selected data to visualization of the data for
speculative and exploratory analysis of the data. Migration data is multidimensional, thus,
visualization through means such as VRML models allows a rich summary of the data to
be presented to the user. This multidimensional nature of the data includes both
demographic detail and derived information such as measures of change over time, and
also geographic detail. The effects of geographic scale are of considerable importance
when studying migration data, and it is presumed that causal factors have differing
priorities for local and long distance moves. The system is designed to allow re-
aggregation of the migration interaction matrices to suit the users requirements. In
addition, many measures of migration intensity and impact rely on distance as a
component, and studies have shown that alternative calculations of distance between
origins and estimations can have very significant affects on the measures subsequently
calculated; the system has been designed to accommodate a variety of methods for
calculating distances between locations.

The system described in the paper uses data fusion and integration techniques,
together with a variety of presentation approaches, to offer new analytic tools for
researchers, allowing large volumes of data to be studied and compared in a manner that
was not previously available.
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Representing Uncertainty of Qualitative Thematic Maps with an Inter-map Cell
Swapping Heuristic

Key Words: uncertainty, spatial data, thematic maps, area class maps, categorical
coverage maps, data fusion, conflation, conditional simulation, unconditional simulation,
geostatistics, statistical modelling, Monte Carlo simulation

.Monte Carlo simulation, a technique that generates many versions of possible
application results, is a popular method for representing application uncertainty. Monte
Carlo simulation can be used to generate many sets of application input maps with each
input map consisting of a possible version of reality. Representing the total distribution of
potential application results during the Monte Carlo process requires two critical
components: a thematic class probability model and a model of spatial autocorrelation for
these same classes. This paper introduces a combination of techniques including an inter-
map cell-swapping algorithm, a class probability model, and a new spatial statistic.
Together, these techniques allow for the generation of spatially autocorrelated random
qualitative thematic maps for the purpose of representing spatial application uncertainty.

~ This paper assumes a generalized thematic map of the study area is available. A
generalized map, for the purpose of this paper, is a map containing qualitative thematic
information at a resolution too coarse and/or attribute information too inaccurate to be
useful for a particular application. Qualitative thematic maps also are known as "area
class maps" or "categorical coverage” maps. Samples of application quality data must
also be available. For the purpose of this paper, application quality data are qualitative
thematic information accurate enough and with a resolution fine enough to achieve useful
application results. Class information from the application quality data is used to
determine the spatial statistics of all generated maps. Samples of application quality data
can either be in the study area, or outside the study area if the application quality data
intersects generalized thematic data. If the application quality data are inside the study
area, the Monte Carlo process will be a conditional simulation, otherwise, the Monte
Carlo process will be an unconditional simulation. Intersecting application quality data
and the generalized thematic map allows a conflation technique defining an algorithm
that will gene