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ABSTRACT

Resource managers face significant information technology (IT)
problems when integrating ecological or environmental
information to make decisions. At this NSF/USGS workshop in
December 2004 [1], university researchers, natural resource
managers, and information managers articulated five IT problems
areas facing ecology and environmental decision makers: policy
making and implementation, data presentation, data gaps, tools,
and indicators. @ To alleviate these problems, participants
recommended informatics research in four IT areas: modeling and
simulation, data quality, information integration and ontologies,
and social and human aspects. Additional recommendations to
assure cycles of innovation in the domain were addressed.

Categories and Subject Descriptors
H.2.8 [Database Applications]: Scientific Applications.
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1. INTRODUCTION

The 1998 PCAST report characterized bio-informatics as a
biology and CS/IT cross-discipline, recognized the biodiversity-
ecosystem nexus as an information enterprise, and envisioned
analytical and synthetic capabilities among other foci in the next
generation of NBII-2 information services [1]. Informatics tools
for solving environmental challenges, e.g., global climate change,
emerging diseases, decreasing biodiversity, and waning resources,
are researched and developed under the eco-informatics rubric,
but largely absent from university eco-informatics research is
improved IT for natural resource management.

Participants in the December 2004 Eco-Informatics and Policy
Workshop sought to address this gap. As domain problems and
corresponding research areas were articulated, they found
overarching issues. First, meeting natural resource management
IT requirements is not simply a matter of adopting technology
from related domains. Solving IT problems faced by natural
resource decision makers requires, in addition to new research,
innovation across the public and NGO sectors. This domain is
similar to digital government IT research in that finding the right

domain problem, distilling a range of research fruitful to all
stakeholders, finding the right agency collaborators, and
managing expectations are all critical. Researchers must also
combine quantitative with qualitative information, and understand
decision-making processes. If computer scientists and social
scientists in the academy are not prepared for these challenges in
addition to the demanding research outlined below, then eco-
informatics in natural resource management will suffer.

2. THE PROBLEM SPACE

The problem space and required IT for eco-informatics policy
making is broad because stakeholders include communities of
interest as well as of place. Further, political aspects of the data
necessitate equitable information access and mass customization,
and distinguishing among measurements, indicators, and
interpretations.  Finally, metadata and validation are essential.
More specific problems are categorized into five areas:

1) Policy problems include, but are not limited to, problems
organizations encounter: 1) financing, production, and
maintenance of tools and information; 2) use and possible abuse
of tools or information, and their effectiveness; 3) cross-
organizational sharing or not sharing, e.g., privacy, confidentiality
policies, of IT tools or information; 4) communication, or lack
thereof, of environmental management decisions grounded in eco-
informatics-based analysis.

2) Data presentation problems arise from complex interactions
between user needs and data — metadata, raw data, accuracy
specifications, methods, documentation, and policy. Research
required includes determining what information works best on
which medium, cross-referencing and supporting data across
presentations, representing time and change, using new media
such as 3D or VR, and user task definitions. This area distills into
two parts: presentation as mediator among users and
data/metadata.

3) Geographic data gaps stems from a lack of needed data sets or
access to them, disjunct data sets that require manipulation
because of temporal or spatial gaps, an emphasis on adaptive
management that out-paces data reliability, and a lack of IT
professionals upon whom resource managers can call for
expertise. Major issues include how to generalize fine-scale data
containing gaps, and decision makers' and policy makers'
sensitivity to uncertainty.



4) Tool problems involve 1) lack of a tool “clearing-house”, 2)
problems of data collection and new or different data types, 3)
lack of user frameworks and development standards, 3) lack of
tools to support metadata issues, and 4) social science issues of
usage, sharing, and adoption.

5) Indicator problems exist because indicator definition,
relevance, and value are neither well-defined nor well-
communicated. Constituents may be uneasy with environmental
measures, and data gaps adversely effect the reliability and trust
that stakeholders place in indicators. The inherent ecosystem
complexity further complicates this issue.

3. RESEARCH ISSUES

To articulate research issues, interdisciplinary approaches adopted
by several current successful research projects were examined.
Strategies for sustaining future research and case histories that
exemplified the need for the research were identified as critical.
Four research areas were identified:

1) Modeling and simulation research issues included: coupling
diverse models, exploring model design values for diverse
stakeholders, incorporating visualizations with model results,
representing error and uncertainty, handling large data sets, and
open source modeling infrastructure. An open-source, flexible,
reusable modeling infrastructure, along with the social practices
that sustain it, were seen as critical since it would allow
researchers and decision makers to experiment freely with new
models or change existing ones.

2) The problem of data quality is how to determine and
communicate uncertainty to decision-makers for studies
integrating multiple data sources. Methods are needed to mitigate
error when creating and combining data sets, and to associate
error with alternative decisions. NSF could publish metadata
standards for all grants, rather than just certain programs, and
make metadata obligatory for all data sets. Whether uncertainty
associated with data synthesis influences resource management,
whether decision-maker perceptions of the value of findings from
synthesized data, and how synthetic studies compare in courts of
law to other “expert testimony” remain open questions.

3) Information integration involves mechanisms for reliable,
transparent and authoritative data combination.  Associated
research issues include: defining the dimensions of integration;
quantifying semantic distance; integrating multiple ontologies;
promoting document modeling; evaluating utility of qualitative
and quantitative data; tools to support data integration; and
evaluating knowledge from non-traditional sources. Ontologies
are useful in providing semantics over databases, making cross-
disciplinary connections, and producing thesauri. Tools to build,
verify and deliver ontologies require considerable research. Other
research areas are understanding gaps and inconsistencies in
ontologies, trust and verification of ontology content, and ways to
handle change in material represented by onotologies that go
beyond versioning.

4) Social and human aspects of eco-informatics and policy
include: collaboration in IT tool development and information
sharing among decision makers, measuring success and
determining appropriate institutional designs and incentives or
disincentives;  human-computer  interaction; = management
practices, graduate education and data management training.

Advancing the eco-informatics agenda hinges on both new
technologies, and new understandings of how information
infrastructures inter-relate between individuals, organizations,
communities, disciplines, information resources, and tools.

4. RECOMMENDATIONS

Considerable attention should be paid to assuring a cycle of
innovation from research to prototype, to development and
commercialization, and finally to deployment and evaluation (and
back to research). Differing, non-overlapping missions and
reward systems built into different agencies make it too easy to
lose momentum at any of these stages. Longer funding cycles are
needed to elicit requirements and integrate these into a research
agenda, and then enter into an "agile" software cycle of develop,
evaluate, and deploy. Funding agencies must work together and
with principal investigators, information managers and decision
makers in sustaining and encouraging innovation, research and
development, and education and training. How would researchers
find collaborators so they can best understand resource problems,
extract the research issues, and test their prototypes? How might
research results and prototypes make their way to resource
managers as IT deployed in field offices? How would new
products be evaluated, and an understanding of strengths and
weaknesses, inform new research?

Considerable attention must be paid to constant reprioritization of
the research agenda, since the sheer number, breadth and
complexity of problems and potential solutions suggested herein
dictate decades of research — while species and ecosystems
disappear at an increasing rate. Thus, assuring the development
of tools that promise, through extensibility, application to a wide
range of problems is critical, as is keeping a range of research
projects in the pipeline — from highly theoretical and generalized,
to working prototypes developed by researchers and resource
managers, to deployment experiments.
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