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Abstract

To address societal issues such as sustainable development, geoscience knowledge must
be transformed from its conventional packaging. A holistic approach to this transforma-
tion requires that (1) geo-information be used to develop indicators such as mineral
potential, material availability, groundwater capacity, etc., and that (2) the indicators are
combined with socio-economic factors to guide generation of future scenarios for land use,
population, urban growth, etc. In this paper we discuss the architecture of a prototype
system designed to support these two activities. The system consists of a geoscientific data
and knowledge repository that is loosely linked with a future scenario modeling tool
(Quest™). The repository supplies transformed information to the tool, and also provides
explanations for the input variables and output results. An example implementation,
Georgia Basin Digital Library, is also presented.

Introduction

It is commonly understood by geoscien-
tists that geoscience information has a vital
role to play in how significant issues, such
as climate change, sustainability, biodiver-
sity, natural hazard prevention and mitiga-
tion, are to be addressed. Though the im-
portance of geoscientific information may
be self-evident to geoscientists, the infor-
mation itself is nevertheless generally over-
looked by non-geoscientists dealing with
those issues. Improving accessibility to geo-
scientific information through database
construction and web delivery raises the

visibility and availability of geoscientific
information, but may not increase its use in
non-geologic domains where the informa-
tion is not well understood, largely because
the information is complex and primarily
aimed at geoscientists rather than at biolo-
gists, environmental scientists, etc. Geo-
science information must therefore be
transformed from its conventional packag-
ing, typically as a map, to modes specifi-
cally usable by other disciplines prior to its
delivery to those disciplines. This transfor-
mation may involve the development of
geoscientific indicators that reduce signifi-
cant geological situations into a single re-
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gion-specific value for prediction or assess-
ment purposes, such as estimates of min-
eral resource potential, building material
availability, groundwater capacity, etec. It
may further involve the incorporation of
such geoscientific indicators into broader
models that integrate natural resource in-
dicators with socio-economic factors for
purposes of generating region-specific pre-
dictions for land use, population growth,
urban expansion, etc.

In this paper we focus on the latter ap-
proach and discuss the architecture of an
internet-based system that integrates geo-
logical information into natural resource-
socio-economic models. The system was de-
veloped within the Georgia Basin Futures
Project (www.basinfutures.net/), an aca-
demic research project carried out at the
University of British Columbia (UBC) and
the Geological Survey of Canada (GSC). The
ultimate goal of the project and resulting
system is to better inform decision-making
in sustainable development by allowing fu-
ture scenarios to be developed and inspected.
The main notion here is firstly, that using
geoscientific information as an additional
input will improve the accuracy and utility
of future scenarios, and secondly, that ex-
ploring the nature and consequences of fu-
ture scenarios will ultimately lead to better
decisions. To achieve these two goals we de-
velop a system that links two main modules:
(1) an information and knowledge reposi-
tory (i.e. ontology + data), called the Georgia
Basin Digital Library (Journeay, et al,,
2000), that allows relevant information and
reiated knowledge to be stored, accessed and
explored, and (2) a modeling tool (Quest™),
from UBC, that uses the repository informa-
tion to generate future scenarios. These
linked modules constitute a simple decision
support system for sustainability.

The Georgia Basin digital library

The knowledge and information reposi-
tory is structured as a web-based digitel li-
brary that contains 64 significant geospatial
information layers such as land use, trans-
portation, various natural resource layers,
ete. It also contains a network of concepts,
organized as ontologies and described using
stories, to explain what role the layers and

their contents play in the sustainable devel-
opment of the region. So, the repository not
only holds information but also possesses
knowledge elements that explain what the
information means and how it applies to
sustainable development. The repository can
thus be viewed as also supplying a knowl-
edge layer to the stored information. Be-
cause initial implementation of the reposi-
tory is focused on the southwestern region
of British Columbia, the repository is called
the Georgia Basin Digital Library (GBDL).
Coupled to the repository is a web-based
user interface that enables repository con-
tents to be viewed and explored. The inter-
face also connects the repository contents to
other relevant sources of information and
knowledge, such as publications in other
digital libraries, and news stories from web-
based news agencies. It further allows indi-
viduals and groups to input their own
geospatial sites and descriptions, to foster
the input of local knowledge and thereby
stimulate dialog on issues of sustainability
in the context of a community or region.
This user interface is called the Georgia Ba-
sin Explorer (GBX). The repository is
coupled with the user interface via web-en-
abled functions. As shown in Figure 1, the
system architecture has 3 tiers: information,
web-services and presentation.

The information tier

There are three types of information
sources that together comprise the informa-
tion and knowledge repository: metadata,
geospatial layers, and a knowledge-data-
base. The metadata component stores in-

Figure 1. The three tier technical architecture
of GBDL.
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formation about users, projects, and infor-
mation content. The 64 geospatial layers
represent different geospatial themes for
the Georgia Basin and are stored as ESRI
shape files. The knowledge-database main-
tains the ontologies in a relational database
(SQL Server): it consists of concepts, their
relationships to each other, and to the
metadata and geospatial data. The Figure 2
depicts the main elements of the logical
schema used by the knowledge-database,
and illustrates how geologic information
can be stored in the design (c.f. Brodaric
& Hastings, 2002; also Brodaric &
Gahegan, 2002).

The Service Tier
The Service Tier provides a suite of web-
based functions that manipulate the con-

tents of the Information Tier. Spatial data is
exposed via the WMS service specified by
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the OpenGis Consortium (www.opengis.org),
metadata about spatial layers is exposed via
the Z39.50 protocol, and project metadata
and the knowledge-database are exposed
through a custom-built web service. The ser-
vice tier thus serves as a bridge from the
repository to external web clients who can
be either persons or software agents. It also
serves as an internal bridge between the re-
pository, metadata and spatial data for op-
erations internal to GBDL such as building
and updating the repository. The custom web
interface is divided into two sets: low-level
foundation services operating on the know-
ledge-base, spatial data (WMS) and
metadata (Z239.50), and high-level presenta-
tion services that perform dedicated proce-
dures for specific interface components. The
services are currently accessed via http, but
we are migrating these to SOAP/WDSL plat-
forms. XML encoding standards are used to
pass requests and results between tiers (Fig-
ure 3).
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5 schema for the
knowledge-database
(c.f. Brodaric &
Hastings, 2002).



346 B. Brodaric, M. Journeay, S. Talwar, R. Harrap, J. van Ulden, R. Ggrant & S. Denny

intficoncept

The Presentation Tier

The presentation tier (GBX) provides a
user interface to the information and knowl-
edge repository—it acts as a client to the
services tier, exclusively using the services
tier to access the library contents. GBX aims
to build awareness and understanding about
sustainability amongst municipal and scien-
tific communities in the Georgia Basin by
directly engaging those communities using
the world-wide-web. GBX operates by us-
ing the services tier to access the informa-
tion and knowledge repository. It has five
components: (1) News and Information,
which connects specific concepts from the
knowledge-database with topically relevant
web-based news stories and other pages; (2)
Library Collections, which uses specific con-
cepts to search web-based catalogs for maps,
images and reports and displays them for
viewing; (3) Local Stories, which allows us-
ers to annotate geospatial layers with per-

3 GO Explorer. The Digial Library - Miciosot Intaimet Explorer

~ *Ideas & Perspectives

Figure 3.
Example
requests to
the web
services tier,
encoded in
XML.

sonal geospatial sites and related stories that
convey local knowledge about issues of
sustainability in the community or region;
(4) Ideas and Perspectives, which enables
concepts and their story-like descriptions
(from the knowledge-database) and related
geospatial layers to be explored interac-
tively; and (5) Future Scenarios, which con-
nects with the Quest modeling tool for gen-
erating future scenarios for the region.
Particularly significant is the Ideas and Per-
spectives component, as it presents commu-
nity, academic and NGO (non-govn’t orga-
nization) perspectives on sustainability, each
organized as a separate ontology in the
knowledge-database. Figure 4 displays the
Ideas & Perspectives component, which en-
ables the perspectives (ontologies) to be ex-
plored by browsing a semantic network of
concepts (top left) triggering the display of
related maps (bottom left) and story-like
documentation (right).

éEO!DE

Figure 4. Exploring sustainable
development concepts in GBDL.
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Figure 5. Explaining the results of a Quest
future scenario in GBDL.

The quest scenario modeler

Apart from its representation and pre-
sentation roles, GBDL also provides dy-
namic connection to the Quest scenario mod-
eling environment, in which future scenarios,
such as land use, economic and demographic
projections, are constructed. Quest is a com-
puter simulation that enables people from
all walks of life to construct alternative fu-
tures for a region and view the trade-offs
and consequences of their choices. The sce-
narios are controlled by input from the user
and are driven by an integrated suite of sys-
tem models that reflect the expert knowl-
edge of more than 35 researchers in the fields
of environmental, social and economic
health. In this modeling procedure GBDL is
designed to serve as an information reposi-
tory, supplying information to Quest for
modeling, and as an explanatory tool, al-
lowing the user to browse input variables
and output results, thus helping build a con-
text for understanding. The results of a
Quest scenario are uploaded to the GBDL
scenario library (Figure 5), where the vari-
ous input parameters and modeling assump-
tions can be reviewed and further explored
in the Ideas & Perspective module (described
above). At the time of this paper, the dy-
namic interaction between the GBDL and
Quest is still under development, with posi-
tive initial results.

Of broader significance is the fact that
geoscientific knowledge is utilized as an in-
put theme and therefore as part of the mod-
eling system, clearly demonstrating the rel-

evance of geoscience information in the con-
text of sustainability planning and decision
making. In our work to date we have
prototyped a sub-model that integrates the
potential socio-economic impacts of earth-
quakes into the Quest modeling framework;
we are currently working on developing an
integrated surface/groundwater sub-model
to help address issues of sustainable yield
and aquifer vulnerability in the region.

Conclusions

The GBDL concept has been prototyped
in two geographic regions: Bowen Island and
the Georgia Basin (http://georgiabasin.info/
). The Bowen Island prototype is most ma-
ture to date, as it has been used extensively
in a grade 10 experiential learning environ-
ment where students were asked to develop
their own Local Stories. GBDL is just re-
cently coming on-line as part of a larger
research project, the Georgia Basin Futures
Project (http://www.basinfutures.net/). Our
experiences from this project indicate that
the combination of knowledge representa-
tion techniques, modeling tools, geoscience
information and the world-wide-web is
practical, informative and useful. We antici-
pate developing these further, specifically
by introducing more geoscientific informa-
tion into the modeling component, tighter
coupling of the modeling and knowledge re-
pository components, and applying the sys-
tem in different geographic regions.
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