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ABSTRACT
evolution. We present here a directory designed for
the Long-Term Ecological Research (LTER)
Network community

A site description directory plays a central role as a
catalog for a network of research sites. Such a
directory represents a keystone element in an
information management system. A directory
contributes to community communications both
through documentation of member information and
relationships as well as through design feedback
elicited from participants in the ongoing process of
developing the catalog system. Presentation of a
description directory for networked research sites via
web interfaces permits distributed, remote site data
input and access. There is a dual challenge in
creating an extensible directory design: first to
capture relevant content and second to incorporate
such a system within the work practice of the
community represented to ensure its continued
Level
I. Cooperation

II. Federation

Keywords: directory, metadata, organizational
informatics, system design
INTRODUCTION
To describe, classify, and catalog are tasks
fundamental to science. A site description directory
extends the traditional catalogs of collections of
objects (e.g., butterflies or rocks) and of data sets
(e.g., temperature or biomass) to catalogs of systems
such as research sites and networks. Although there
is a growing understanding of the concept of data
richness in the field of ecology today, there is less

Table 1; System and Sub-System Levels
subsystem
Exampk
<Svstenii
Individual Data 1...Data N
Researcher A
Site Data setl.. .Data set N
Site researchers A & B
Cross-site Site 1.. .Site N
LTER sites A & B
Discipline
Domain
Cross-Domain

Network 1... Net workN
Partnerl.. .Partner N
Discipline 1. ..Discipline N
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ABSTRACT

The Canopy Database Project [2] is exploring how
databases can be integrated earlier (than a final data
warehouse) into the ecology research cycle. In this paper,
we present the development of a prototype database
design tool for a subdiscipline of ecologists. The Canopy
DataBank provides a vehicle for canopy researchers to
design, document, archive, and mine field databases more
easily. As with our previous work [5], we emphasized not
only physical connectivity, but agreement at the semantic
level.

Historically, ecologists have collected and stored data in
individualistic ways, making data sharing among
collaborators and subsequent data mining difficult.
Integrating database technology into the research process
makes data sharing across studies and access to analysis
tools easier, but significant barriers to database use often
prevent effective use of database technology. In this paper
we identify some obstacles to use of information
technology by ecologists, including the lack of systems for
ecologists to design databases without hiring programmers.
We describe a prototype system aka DataBank that aims to
overcome these obstacles. The key system feature on
which we focus is the reuse of domain-specific data types,
which we call "templates".

2. OBSTABLES TO ECOLOGISTS' USE OF
INFORMATION TECHNOLOGY
In this section, we identify two major obstacles to the use
of information technology by ecologists and hypothesize
that database systems could help overcome these
obstacles. Our ideas revolve around fostering end-user
database programming that re-uses spatial database
components; we also present design issues arising from
this approach.

Keywords: Ecosystem informatics, end-user database
design, domain specific data structures, spatial databases.
1. INTRODUCTION
Because the collective analysis of data originally gathered
by individuals can yield insight beyond a single data set
12,13], many advances in ecology will depend upon
effective information management [11]. Database
technology will be integral both to the management of
ecological information and to the creation of new
knowledge. Current database technology appears not
adequate to this purpose. A workshop sponsored by the
National Science Foundation, the USGS and NASA
identified the need for a new "biodiversity and ecosystem
(BDEI)" initiative. Noting challenges and opportunities
for further research in acquisition, conversion, analysis and
synthesis, dissemination of data and metadata (e.g., digital
libraries, remote sensing, mobile computing, and
taxonomies), workshop participants characterized
ecological data and metadata as highly complex ontologically, spatio-temporally and sociologically. Lack
of harmonized protocols, resistance to depositing data and
metadata in central repositories, and lack of expertise with
informatics tools were also noted as contributing to the
limited use of information technology [14] [

Although ecologists often consult web-accessible
information, they typically enter data into private data
stores that are rarely published or archived. Despite
increasing pressure from funding agencies, the availability
of several excellent ecological data archives
fwww.lternet.edu. http://www.ecoinformatics.org].
emerging tools for recording metadata [20], and even
opportunities to publish data in the prestigious Ecological
Society of America archives

[http;//www.esapwbs,Qrg/esaptibs/arghiYe/archive main.ht
ml], few data sets are published. Documenting data for
archival purposes is still perceived as a timeconsuming process and sometimes not even attempted
[6,22]. Furthermore, even once data sets are archived and
validated with adequate metadata, idiosyncratic data
representation makes cross study analysis difficult,
even for close collaborators [1]. These two obstacles
prevent a semantically viable digital warehouse and global
data integration.
Database technology would likely help overcome these
obstacles if applied at all stages of the research cycle,
just as it has in industry. While the Long Term
Ecological Archives and other data publishers make

http;//bdi.cse,oei.edu, hup;/A?io.gsfc.nasa.gov]-
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of data and to combine data for the purpose of integrated
multidisciplinary projects. In addition, public decisions
involving environmental policy and management frequently
require data that are regional or national, but most ecological
data is collected at smaller scales. Information systems make it
possible to integrate diverse data resources in ways that support
decision-making processes.

ABSTRACT
Emerging information technologies allow new exploration into
tools for the management and use of information mat solve
problems for ecologists and create new and innovative lines of
scientific inquiry. Collaborative, multi-disciplinary research
programs to facilitate these new lines of inquiry have produced
a need for scientific information systems that communicate
data, information, and knowledge across spatial, disciplinary,
and cultural boundaries.

We recognize that knowledge (in the broad sense) is generated
through an iterative process of acquiring data, transforming it
into useful information, and drawing inferences that enable us
to achieve understanding and informed make decisions.
Information management is slowly undergoing an evolution
through these three domains.

INTRODUCTION
Increased need for ecologists to examine global change, biocomplexity, and sustainability is resulting in research and
synthesis at larger spatial and temporal scales than traditionally
addressed in ecological studies. The development of
collaborative, multi-disciplinary research programs has
produced a concomitant need for scientific information systems
that communicate data, information, and knowledge across
spatial, disciplinary, and cultural boundaries. The primary
motivation for developing scientific information systems must
be the new types of scientific inquiry that they make possible.
Information systems science and related information
infrastructure are leading to a paradigm shift in biology [1][2].
Thus far this has been most evident in the genomic community
[2], where the creation of databases and associated tools have
facilitated a tremendous increase in the understanding of the
relationship between the genetic sequences and the actions of
specific genes. Ecology is perched on the brink of a similar
expansion, brought on through improvements in software tools
and data communication. In long-term studies, retention and
documentation of the data are the foundation upon which the
success of the overall project succeeds or fails. Long-term
studies also depend on information systems to facilitate sharing

The Long Term Ecological Research (LTER) Network is a
collaborative effort involving more than 1100 scientists and
students investigating ecological processes over long temporal
and broad spatial scales.
■ The Network promotes synthesis and comparative research
across sites and ecosystems and among other related
national and international research programs.
■ The National Science Foundation established the LTER
program in 1980 to support research on long-term
ecological phenomena in the United States.
■ The 24 LTER Sites represent diverse ecosystems and
research emphases.
■ The Network Office coordinates communication, network
publications, and research-planning activities.
As LTER moves into its third decade, ecoinformatics will
continue to play a critical role in defining and facilitating this
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1. ABSTRACT
Metadata provide information on the structure and
meaning of data. It is one of the most basic
components for building a scalable, networked
infrastructure for accessing ecological data. Several
partnering groups from ecology have collaborated
to define a standardized format for metadata that is
machine-parseable and extensible. This has
enabled new projects focusing on the development
of tools for managing metadata archives and for
accessing and processing the datasets they
describe. Ecological Metadata Language and its
associated tools will have a significant impact on
the integration and synthesis of ecological data at a
global level.
2. THE ROLE OF METADATA IN
ECOLOGICAL INFORMATICS
The goals of ecological informatics are to ensure
the long-term availability of ecological data and to
enhance the usability of those data in the pursuit of
knowledge about our environment. The use of
digital media to capture, store, and process
increasingly larger volumes of data has contributed
significantly to these goals, but this has in turn
created new challenges for indexing, navigating
and documenting this sudden wealth of
information^ ].
A critical tool for meeting this challenge is
metadata. Metadata is the documentation that
transforms data from a stream of numbers and
characters into information. All of us who work
with data have relied upon metadata such as
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column labels, data type declarations, etc., even if
we didn't recognize those things by that name.
Metadata provides information at many levels to
support many phases of our interaction with
ecological data. Information such as catalog
identifiers, title, originator, etc. provides the base
citation information for identifying a dataset.
Search engines rely on keywords and coverage
descriptors for spatial, temporal, or thematic
domains to assist with the discovery of datasets.
Information on the research context that produced
the data assists in the evaluation of the dataset.
Connection details, filenames, and access control
information enable acquisition of a dataset. Finally,
detailed descriptions of entities, attributes, and data
quality enhance the usability of the dataset for
analysis.
Members of the ecological research community
have been compiling metadata as part of the data
archive process for over a decade. Notable
examples include the Long -Term Ecological
Research network [2] and the Oak Ridge National
Labs[3]. In 1997, following Michener's paper on
ecologically relevant metadata [4], researchers at
the National Center for Ecological Analysis and
Synthesis (NCEAS) began implementing the first
version of Ecological Metadata Language (EML),
which was revised several times and culminated in
EML version 1.4.1 [5]. As experience with this
initial version of EML grew, it became apparent
that it needed a revision to increase its usability and
flexibility for the ecological community. The
Knowledge Network for Biocomplexity (K.NB)
project thus began an effort to revise the EML
specification to produce a second version that was

Resources Center. 2001. Common Information
Management System, http://ww\v.irri.orp/GRC/
Datamanagement/IRGClS.htm
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will be linked to a LTER Network Office Metacat super
node in the future. Metacat will provide another method
for researchers to discover JRN and JER datasets;
improving visibility and usefulness of JRN and JER
scientific datasets.
Data Junction (D J) will be used to create and populate
EML compliant XML files, which subsequently can be
imported into the Metacat database. DJ will also be used
to automate this process in order to keep metadata stored
in Metacat synchronized with metadata from the archival
project and dataset documentation ASCII text files.
Application Development: The Need for Integrated
Databases
The IMS will provide a web-based dynamic, interactive
mapping and querying application that will be a powerful
tool for JRN and JER information managers, researchers,
and visitors. Some uses of the application include
facilitation of research site selection and approval as well
as automation of storage and retrieval of restricted and
unrestricted spatial and non-spatial data and metadata
into and from the IMS. Such an approach assists in land
management decisions and eco-health evaluations, as
well as monitoring of spatial and temporal vegetation
changes. In order to achieve this level of functionality,
the Research, GIS, and Metacat databases must be
integrated, or linked.
Challenges: There are several limiting factors,
or challenges, that had to be addressed in order to
integrate the Research, GIS, and Metacat data to support
the IMS, as well as develop the IMS. These challenges
include adopting EML and Metacat, centralizing the GIS,
and populating the Research database.
By adopting standards such as EML and utilizing Metacat
software, it is hoped that the IMS can be enhanced in the
future by using EML-based applications developed by
other ecological research organizations. By developing
the IMS to utilize EML, our development efforts can
subsequently be used and enhanced by other
organizations. Using tools such as DJ and XML Spy IDE
Suite 4.1 for data conversion and extending the EML
schema can greatly reduce development time and costs.
Linkages: Dataset IDs will be the common link
that relates the Research, GIS, and Metacat databases.
Other common thematic, temporal, and keyword fields
will be created in the databases to allow queries of spatial
and non-spatial data and associated metadata. If needed,
pivot or lookup tables would be created in the databases
using the common ID, thematic, temporal, and keyword
fields. Stored views will be used to simplify
development efforts where possible.
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Steps for Integrating Research, GIS, and Metacat
Data
The following list contains the steps required to integrate
the Research, GIS, and Metacat data prior to the
development of the IMS application:
1. Assign and add dataset IDs to dataset data and
documentation files.
2. Assign project IDs and add dataset and project IDs to
project documentation files.
3. Parse project and dataset data and documentation
files to populate IMS database.
4. Perform QA/QC on parsed IMS database and correct
any errors found in the archived ASCII text files
and/or parsing scripts.
5. Parse project and dataset data and documentation
files again if any errors were found during QA/QC of
the IMS database.
6. Import or load existing spatial and remote sensing
data and metadata into the GIS database.
7. Perform QA/QC on GIS data and metadata stored in
the GIS database and correct any errors directly
within the GIS database.
8. Add dataset IDs to research site location layers and
features attribute tables stored in the GIS database.
9. Parse project and dataset documentation ASCII files
and related IMS and GIS database tables to create
EML XML DTD or schema files.
10. Perform QA/QC on parsed EML XML files and
correct any errors found in the archived ASCII text
files and/or parsing scripts.
11. Parse project and dataset data and documentation
ASCII files and related GIS database tables again if
any errors were found during QA/QC of the EML
XML files.
12. Import EML XML files into the Metacat server
database.
13. Import remote sensing images into the GIS database.
Upon completion of the sequence of steps, the IMS and
GIS Internet and Intranet applications can then be
developed and implemented.
The JRN and JER have completed the planning and
evaluation stages of this IMS project Data integration is
currently underway. The project is designed to be
modular to allow for prioritizing and planning the project
development cycle.

RESEARCH AREAS FOR DATA INTEGRATION
The difficulty of a data integration project is directly
proportional to the scale of the integration process. As the
case studies above show, integration in specialized
projects and systems can be accomplished using
conventional software tools and information systems.
However, for global-scale projects, which must integrate
data from a huge number of data sources, these methods
are not practical. The most common approach is to focus

providing the acceptable query specification choices
to the user (the search framework) for each dataset
accepting and verifying user input into an input
framework
creating a query to be executed by the query engine
receiving and formatting the results of an executed
query

Relational Database
Management System
(Oracle)
JDBCAPI

LTER QUERY SYSTEM

Metadata Content Standard
To perform this encapsulation, our implementation uses a beta
release of the Ecological Metadata Language (EML) version 2
as our data definition language. EML, an emerging standard in
ecological metadata, is being developed by the National Center
for Ecological Analysis and Synthesis in collaboration with the
Long Term Ecological Research program and the San Diego
Supercomputer Center. The content standards in EML are
based on standards for ecological metadata developed by the
ecological community (Michener et al. 1997 [7]) and are
implemented in Extensible Markup Language (XML) [8]. EML
consists of a set of modules, each of which specifies one logical
part of the complete metadata.
Table 1. Description of EML modules used by the query
system.

LTER QUERY ENGINE
EML module
EML-project
C Metadata

EML-dataset
INTERFACE

Input
Framework

EML-attribute
Result
Formatter

Formatte

wFramewor'

Java servlet engine (Jakarta Tomcat)

EML-party

Description
describes the research context in
which the dataset was created
contains general information about
the dataset; includes abstract,
contacts, coverage, etc.
describes attributes (variables) in a
dataset; includes type, range,
definitions of coded values, etc.
describes a responsible party
(person or organization); contains
detailed contract information for the
party

We used the project, dataset, attribute, and party modules
(Table 1) from EML as part of the content standard for our
metadata. Some additional information that has traditionally
been part of the NTL-LTER metadata is not included in EML.
These fields were retained in the NTL-LTER metadata content.

HTTP server (Apache)
Figure 1. Schematic diagram showing the objects and
components of the dynamic query application.
This system was designed to be fully extensible and to easily
accommodate new datasets with no additional programming or
software engineering. In other words, the same software must
be able to handle any type of dataset and its associated filters,
conditions, and sorting based on stored, known information. In
order to accomplish this functionality, information about the
datasets must conform to a standard representation. Thus, the
first task in implementing the query prototype was to create a
standard description of the various datasets contained in the
database.

3. METADATA
The datasets managed by the NTL-LTER are diverse in the
number of fields and field types. In order for the query system
to handle these different datasets, a common descriptive
language is required. This language allows the query system to
understand the table structures of all the datasets in order to
query them appropriately and successfully. The language
effectively encapsulates the diverse datasets into uniformly
accessible entities.

The dataset module of EML was reproduced and extended to
form the center of the entity-relationship model. Entities in our
model reference this dataset object through the use of a unique
dataset ID. This linkage provides easy access to all the
information the program uses to perform queries on specific
datasets.
To describe the data in each dataset, we included the attribute
module of EML. Linked to specific datasets, the attribute entity
describes the type of data stored in the dataset as well as
information about measurement units, precision, enumerated
domains, and data quality for each dataset attribute. To store
information about people involved with each dataset, we
constructed a party entity based on the EML party module. This
entity is linked to a role entity that associates individual
investigators and contact people with a given dataset. This type
of information is required to export our traditional metadata
included with our datasets in EML form.
Extended Metadata
The EML-based dataset descriptions do not include instructions
to the query system as to how the metadata and the datasets
described therein should be handled. Filtering and display
information is still needed in order to present the user with
appropriate selection criteria. Accommodating this additional
handling information required an extension to the stored
metadata. Including this additional information in the extended
metadata enabled the development of a deterministic query

use changes, and cattle stocking rates across the CPER site and to
manage the land on which we conduct our research.

ers, and greater scientific community to reach data and informa
tion to gain knowledge about a diverse set of ecosystems around
the world. The site and Network's commitment to information
management means that IM professionals will continue to
participate in training and development exercises, and to share
our experiences with a broader scientific community through
outreach activities, such as this symposium (SCI2002 www.iiis.
org/sci2002).

The IM Team also is excited about our active
involvement with developing a "content standard" for metadata
within the LTER community. This new tool, called Ecological
Metadata Language (EML), will simplify data access (http://
caplter.asu.edu/data/metadata/worlcshopO 12002.htm). The
hierarchical design of our new data storage system and the new
RDBMS containing metadata and project level information is
similar to the design of the EML schema. We hope to be able to
transfer metadata from our system to EML and take advantage of
a remote server (e.g. Metacat) to reach a broader ecological
community.
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to understand long-term patterns and processes of ecological
systems at multiple spatial scales. To accomplish our mission we
must gain a better understanding of the ecosystems which we
study, by conducting cross-site, comparative research and
synthesizing long-term data sets.
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