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Abstract 
Data related to a certain natural area, e.g. the Mediterranean Sea, the Alps or the Danube 
river, is often collected at different sites in different countries. Taking the availability of 
public computer networks like the Internet into account, it comes to no surprise that 
public authorities, scientists, and the general public would like to access such data that 
is managed at different sites transparently and homogeneously. The creation of an appro
priate information technology infrastructure raises several conceptual and technological 
questions, e.g., responsibilities of data collection and quality assurance, searching of in
homogeneous databases in a multilingual environment and technologies for distributed, 
heterogeneous, scalable information systems. 

In this paper, we provide an analysis of the requirements for a distributed environmental 
information system and propose an adequate conceptual and technical system design 
based on a separate metadatabase indexed with a multilingual thesaurus, the World- Wide 
Web, downloadable applications, and distributed object standards among others. 
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1 INTRODUCTION 

Natural resources or areas of special environmental interest can cover large geographical 
areas, stretching over several countries. Examples are the Mediterranean Sea, the Alps, 
and the Danube river. 

Numerous research institutions, private companies and public authorities are concerned 
with the natural area in question: they conduct research, collect data on or regulate the 
usage of the area. The interest of the institutions and authorities may differ thematically 
(e.g., water-household of the area, fauna, flora) and geographically (e.g., separate insti
tutions in each of the countries). Due to the interdisciplinary nature of environmental 
protection and the large deviations between the natural boundaries and the political bor
ders, it is necessary that the various institutions and offices become aware of each others' 
activities (e.g., projects and data collection campaigns), and identify their interaction 
by finding relevant information (e.g., institutions, projects, measurement data) for their 
work. The obstacles to finding relevant information due to borders between disciplines 
(e.g., different data formats, terminology) and countries (e.g., different data formats, lan
guages) must therefore be overcome. The positive effects of improved information flow are 
reduced duplication in data collection, and the better exploitation of potential synergetic 
effects making among others evaluations over large areas possible. 

From an organizational point of view, the existence of Local Coordinating Offices 
(LCOs) in each of the affected countries, and a Central Coordinating Office (CCO) is 
assumed, offering an appropriate background to support the information flow: the LCOs 
- coordinated by the ceo - are responsible for the collection and dissemination of the 
data within their country. 

The focus of this paper is to design an information system on which the collaborative 
efforts of the LCOs and the CCO can be based. The main tasks of the information system 
are support for data collection and dissemination both internally and to a wide audience, 
including the above mentioned research institutions, companies and public authorities. 

This paper is organized as follows. In Section 2, two comparable information systems are 
characterized. Section 3 provides an analysis of the conceptual and technical requirements. 
In Sections 4 and 5, the main part, we propose the conceptual and technical system design. 
Section 6 concludes the paper with a summary and an outlook on future issues. 

2 RELATED WORK 

2.1 Comparable Systems 

In this section, we focus on two comparable European systems with similar goals. Due to 
space limitations, we refrain from a discussion of projects that do not have an international 
and. multilingual scope or that are not based on up-to-date Internet technologies. 

The Danube Information System on Human Resources, Standards and Legislation (DA
NIS) has the goal of providing access to existing information sources concerning the 
Danube region (CEDAR 1996). The data sets of DANIS cover organizations, persons, 
events, documents, standards, bi- and multilateral legislation, and projects. 

Access to DANIS is monolingual (English). A local module supports data maintenance. 
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Remote on-line access to the database is supported. Furthermore, static HTML pages are 
generated. For these pages, full-text search facilities are provided, as well. 

The environmental data catalogue Umweltdatenkatalog (UDK) is the standard metain
formation system for environmental information sources used by public authorities in most 
German states, Austria, and Lichtenstein (Giinther 1996). An environmental thesaurus 
which is currently available in German only, is used for coherent indexing of the metadata. 

Originally, the UDK was used from an application software that mainly runs on PCs. 
Data collection and update is still mainly based on stand-alone installations of this soft
ware. Since 1995, on-line access to UDK data via World-Wide Web has also been available 
(Kramer 1996 und Kramer 1997). 

2.2 Limitations of Existing Systems 

The main limitations of previous approaches and systems are as follows. (1) Multi
linguality is not supported. An acceptable compromise between full manual translation 
and monolinguality has not been developed in these systems. (2) The data model is not 
standardized beyond the system nor do these systems provide an additional interoper
ability layer. Consequently, the collected data cannot be used for other purposes beyond 
the dedicated information system. (3) The on-line availability and searchability is limited, 
e.g., simultaneous search and retrieval of multiple UDK installations is not supported. ( 4) 
The maintenance of the local databases is cumbersome and the update cycles are slow, 
due to the paper-based data collection and non-automated data exchange. 

Recent technological advances in open Internet technologies make it possible to over
come these limitations. These techniques can be used on private networks, so-called In
tranets, as well. Furthermore, emerging European and international (metadata) standards 
address issues of semantic interoperability. 

3 REQUIREMENTS ANALYSIS 

In Section 2.2, we summarized the limitations and deficiencies of current systems. The 
resulting challenges for future systems will also have to be faced by the environmental 
information system, that is to be implemented in the framework of the Alpine Conven
tion. The national observation systems involved will co-operate in the Alpine Observation 
and Information System (Henry 1996) in order to harmonize information from their au
tonomously collected data and provide the resulting information products jointly. The 
aggregation level of the spatial information ranges from the county to the entire Alpine 
Arc. In addition to environmental data the system will contain, socioeconomic and other 
human-activity related information, as well as provide information on research activities 
regarding the Alps. A particular challenge to the observatory system is the provisional 
status of the ceo, which may require, in the mid-term period, the co-operation of the 

· distributed resources without any central component. 
The open problems can be summarized as follows: (1) The organizational framework 

that is to be supported by the information system consists of one LCO per country and the 
CCO. (2) The data collected is heterogeneous in its format: structured data (e.g., measure
ment values, contact addresses, financial and human resources), geographical data (e.g., 
thematic maps), and documents (e.g., studies). (3) There are country specific differences, 



Management in distributed environmental information systems 147 

e.g., concerning the traditions of data collection or user needs. (4) The international scope 
implies multi-linguality, while data sets are usually prepared in one language only. 

3.1 Conceptual Requirements 

The country specific differences should be treated with flexibility. The creation of a fully 
coherent system would require an enormous effort, and would not be likely to be accepted 
by the users. Harmonization with national environmental data collections is essential: an 
economic, preferably automated data exchange is desired. 

A coherent search functionality for all data sets that are potentially distributed and 
topically, semantically and syntactically heterogeneous, is mandatory. An economic mul
tilingual search functionality that does not make full manual translation necessary is 
required. 

Internal and public data spaces have to be treated separately. The former have to be 
hidden from the general public (e.g., for data under preparation), while the latter must 
be accessible to everyone. Quality co.ntrol of data is an additional issue of importance, 
necessary for both finding and using information. It should be performed as early in the 
data collection chain as possible. 

3.2 Technical Requirements 

Scalability of the information system is essential. While the CCO should have a full
scale IT infrastructure, the LCOs have to be able to choose between their own full-scale 
infrastructure or a basic infrastructure. In the later case the services are provided with 
so~e limitations (e.g., reduced performance) on the basis of the CCO's infrastructure. 

Hardware and software infrastructures of the CCO, the LCOs and the other parties 
range from PCs with Microsoft operating systems to Unix workstations. The information 
system should be open and able to integrate heterogeneous components. 

The primary media of the information system is the Internet, allowing on-line access to 
remote data sources. Supplemental CD-ROMs containing the data are necessary for those 
who have no Internet connection. 

4 CONCEPTUAL SYSTEM DESIGN 

Generally, a distinction can be made between actually collected base data and "data on 
data", so called metadata (see e.g. (Beard 1996)). Metadata describes various aspects of 
base data such as its existence, location, means of access and all pieces of information (e.g., 
thematic, temporal and spatial descriptions) the user needs to assess the correspondence 
between the content of the base data and their information need, to make a. decision about 
the retrieval of the base data. 

Metadata can cover different levels of detail. Directory level metadata aims at giving 
an overview of existing resources, while inventory level metadata consists of a detailed 
description of base data. The choice of the granularity, for which metadata. is provided, 
depends on the nature of the base data, the user needs and the providers' resources. 

The fundamental decision for overcoming the semantic heterogeneity of base data is the 
separation of metadata from base data. Each base data set has an associated metadata 
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Figure 1 Search facilities in the Data Sets and in the Metadata 

object. The metadata is indexed with a multilingual thesaurus, which is the cornerstone 
of a multilingual search. There is a general search facility for querying the meta-database, 
and thus identifying relevant base data. Specialized search facilities with limited scope 
may also be available for base data sets (e.g., address search, map search; s. Figure 1). 

4.1 Base Data Management 

Data format guidelines (e.g., common address format) for the base data sets ensure the 
interoperability of the databases at the LCOs. They should ensure the highest possible 
conformity, while allowing local differences. 

Base data collection, update, quality assurance and dissemination is the responsibility of 
the site closest to the data source, where the most background knowledge is available, thus 
eliminating inefficient data processing steps. The transfer of base data sets to the CCO is 
necessary for the creation of aggregated data products. The replication of base data sets 
to several sites may be considered, depending on their amounts and access patterns. 

4.2 Metadata Management 

All data sets (structured data, geographical data, documents) have an associated metadata 
object, ensuring a consistent search of all data sets. Beside allowing the identification of 
base data sets, the metadata should also support direct access to the base data sets. 

A meta data standard defines both the contents and the structure of the metadata, hence 
assuring consistency and searchability. A multilingual thesaurus is an important part of 
this metadata standard, which allows the coherent classificat ion of data objects and mul
tilingual search and retrieval. The Catalogue of Data Sources (CDS) that is currently 
under development under a contract to the European Environment Agency (EEA) is a 
good candidate for this standard (ETC/CDS 1996). Using the CDS as the metadata stan
dard, harmonization with national metadata collections of those countries of the Alpine 
region that will either use the CDS directly or that will at least ensure interoperability 
between their national systems and the European CDS is also facilitated. 

The initial collection and subsequent updates of the metadata is the responsibility of 
the LCOs, that manage the underlying base data as well. Metadata generation from the 
base data sets is either done automatically or with human interaction. The quality control 
of the metadata is of primary importance and is the responsibility of the ceo. 

There are several alternatives for the distribution and replication of the metadata be
tween the CCO and the LCOs, which are beyond the scope of this paper. These alter-
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natives should be compared by considering storage requirements, safety and performance 
ISSUeS. 

5 TECHNICAL SYSTEM DESIGN 

5.1 Base Technologies 

Currently, the Internet is one of the most important areas where great advances in infor
mation technologies are being made. Furthermore, a strong convergence of technologies 
for open, distributed systems can be observed. In this section, we address the issues re
lated to the Internet that are a good basis for a distributed environmental information 
system. 

In recent years, the Internet based World-Wide Web (WWW) has been developing and 
spreading rapidly. It allows a platform-independent and user-friendly access to potentially 
distributed information sources and is therefore an ideal basis for the information system. 

Java is a new programming language from Sun Microsystems developed specially for 
platform-independent applications (Gosling 1996). Small Java programs, so-called applets 
can be embedded in WWW pages. These applets can then be executed by Java Aware 
WWW-Browsers, thus allowing enhanced client side interactivity in the WWW. Applets 
can support the formulation of query conditions, and the presentation of the results (e.g., 
zooming on a map). Another important feature of Java applets is the possibility of com
municating safely and efficiently with the WWW server. After local verification a WWW 
based data collection with applets can transfer the entered data to the server. 

Distributed objects is the up-to-date paradigm for integrating distributed information 
systems: data sources (e.g., relational and object-oriented databases) and services (e.g., 
data handling functions). There are two major standards for distributed objects: the open 
standard Common Object Request Broker Architecture (COREA) (Orfali 1996), and the 
Distributed Common Object Model ( OLE/DCOM) from Microsoft (Brockschmidt 1995). 

5.2 Software Architecture 

The conceptual decisions on data and metadata management suggest decentralized hard
ware and software architecture, the LCOs and the CCO have their own IT infrastructures 
(Figure 2). The draft architecture of LCOs with full-scale IT infrastructure and that of 
the CCO are similar (Figure 3). Different modules take care of the structured data, the 
geographical data, and the documents. 

Downloadable applications support the query and display of the data. As an example, a 
downloadable browsing utility may allow the interactive display of the geographical data 
with.zooming, panning and other services. The data collection is based on downloadable 
applications with built in data checking rather than on tedious and slow paper-based data 
flow with slow error correction cycles. 

The middleware layer, based on the distributed objects concept, allows the integration 
of the distributed information systems: the transfer of meta- and base data, and the 
creation of common services (e.g., search of the addresses in a set'Df the countries) of a 
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Figure 2 Global System Architecture. 
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Figure 3 Full Scale System Architecture at the CCO and the LCOs. 

set of sites. It is also able to hide the internal differences of the local databases, allowing 
a coherent outer appearance, and common search facilities. 

The LCOs do not start from scratch. Hence, software systems that are already in place 
must be taken into account. In distributed object systems, such legacy applications can 
be integrated by encapsulation using wrapping techniques. This allows for a controlled 
migration to new and up-to-date software systems. 

LCOs that are not able to invest in a full-scale local infrastructure can lean on the 
infrastructure of the CCO. They only have a basic local infrastructure: a computer (e.g., 
PC) that is connected to the Internet with a Java aware browser. This solution involves 
low initial and maintenance costs, but also some limitations concerning access speeds and 
functionality (e.g., no support for special local needs). 

6 CONCLUSIONS AND OUTLOOK 

Distributed environmental information systems have to cope with natural areas that cross 
boundaries of countries and disciplines. Although data is managed at different sites, it 
should be searchable and accessable transparently and homogeneously. This leads to the 
question of how data and metadata should be managed. 

In this paper, based on an analysis of the conceptual and technical requirements, con
ceptual and technical system designs have been discussed. Employing a metadata standard 
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allows different kinds of data to be accessed transparently. The technical system design 
is based on up-to-date technologies, such as the World-Wide Web, Java as a means for 
downloadable applications, and integration technologies such as CORBA. 

In the near future, dedicated system modules will be implemented. A key component, 
the JDBC (Java database connectivity) driver that is required to access databases from 
Java applets is already operational with initial applications. In the near future, we will 
study distribution alternatives for metadata in a real-world environment. Update mech
anisms for partially replicated metadata will build upon our previous work on active 
mechanisms in distributed environments (von Biiltzingloewen 1996). 
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