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Abstract

The environmental data catalogue Umweltdatenkatalog

UDK is a standard meta-information system for environ-

mental data for use by state authorities and the pub-
lic. Technically, the UDK consists of a database together

with a front-end tailored to the needs of environmen-

tal specialists. FZI's contribution has been to develop
a front-end that makes the UDK database available us-

ing the tools and techniques of the World-Wide Web.

Among the features of WWW-UDK are several query
modes for UDK objects and addresses, an environmental

thesaurus, on-line access to some of the underlying data

(e.g., databases and environmental reports), multilingual

query and result forms, and an on-line help system. Cur-

rently, several installations of WWW-UDK are used in

Austria and in Germany on the Internet and on Intranets.

WWW-UDK can be easily integrated into a federation

architecture which is based on CORBA, WWW, and

Java.

1 Introduction

Information required to answer environmental ques-

tions (e.g., concerning environmental protection) is

often found in di�erent knowledge domains and on

di�erent systems. In order to determine whether and

how a particular question can be answered a user has

to �nd out which information is available and where

and how to �nd it. That is, we need some meta-

data [8], which is essential for data retrieval and use

of data by persons other than the data collectors.

Thus, a meta-information system is required that

consists of two main parts, the metadata itself and

an application program that allows users to access

the metadata.

In Germany, the environmental data catalogue

Umweltdatenkatalog (UDK) has been developed as

a meta-information system for environmental data

[27, 9]. Technically, UDK consists of two parts, the

metadata itself and a front-end tailored to the needs

of environmental specialists. Currently, the UDK is

used in most German states, Austria and Liechten-

stein. Further countries, e.g., Switzerland, currently

evaluate the UDK. The catalogue of data sources

(CDS), which is being developed under contract to

the European Environment Agency (EEA), is based

on the UDK technology.

The World-Wide Web (WWW) is an attractive

means to make data of any kind available for

heterogeneous clients, because browsers are at hand

for all major operating systems. Starting at the end

of 1994, project teams at FZI took a leading role in

integrating UDK data using the tools and techniques

of the World-Wide Web [16, 14, 11, 18]. Currently,

customized versions of WWW-UDK 3.0 are used

in several Austrian and German Ministries of the

Environment and state agencies for environmental

protection both on the Internet for public access and

on Intranets.

This paper is organized as follows. In Section

2, we provide an introduction to the UDK. The

requirements, general approach, and the function-

ality of WWW-UDK are described in Section 3.

Current limitations and future enhancements that



Figure 1: UDK object representing a Measurement

Station

take into account most recent technological advances

of Internet-related technologies, namely Java, Java

Database Connectivity (JDBC), and the Object

Management Group's CommonObject Request Bro-

ker Architecture (CORBA) are described in Section

4. In Section 5, we outline howWWW-UDK is incor-

porated into a federation architecture that uses these

technologies and that is based on the server site ar-

chitecture of the environmental information system

(UIS) of the German state Baden-W�urttemberg [23].

Section 6 concludes the paper.

2 The UDK

Data organization in the UDK is based on a

three-way object model [9]: environmental objects

(e.g., rivers, factories), data sets that describe

environmental objects (e.g., measurement data), and

a description of these data sets, i.e., metadata. In

these metadata, data sets are decribed as so-called

UDK objects. In order to give structure to the

wide variety of metadata about environmental data,

nine UDK-classes such as Empirical Data, Data

Collection/Expert Evaluations/Reports, and Maps

have been created [27, 9]. Additionally to UDK

objects, the UDK comprises the addresses of the

personnel in charge of these data.

UDK objects are organized in tree-shaped cata-

logues. In Germany, UDK objects are organized in

separate so-called primary catalogues for each state.

Each UDK object corresponds to exactly one node

of one primary catalogue. In the upper part of the

tree, the edges between the nodes re
ect the admin-

istrative structure of the state agencies and their re-

sponsibilities for the data sets. In the lower part, the

edges re
ect the part-of-relationship between aggre-

gated data and the involved data sets. Additionally

to these primary catalogues, secondary catalogues

can be used to organize the UDK objects that are

already part of primary catalogues according to spe-

ci�c subjects.

The access front-end of UDK uses a relational

database system. At the user interface, users may

�rst select a catalogue. They then can access the

metadata directly or via additional search terms that

are attached to the metadata via a thesaurus or

as free keywords. In response of such queries, the

metadata objects found are presented. Since not all

of the underlying environmental data is accessible

on-line today, addresses and telephone numbers are

provided to obtain the desired information 'o�ine'.

3 WWW Access to UDK

3.1 Requirements

The requirements can be summarized as follows:

� Enhancements to the UDK data model have to

be compatible with the existing data model and

front-ends.

� Access across the private or public network is

mainly read-only.

� Multilinguality must be taken into account espe-

cially on the Internet.

� Currently, adding new UDK metadata and up-

dating existing metadata is primarily left to the

UDK front-end that runs on Unix workstations

and on PCs. This program can be used for local

read-access as well.

� The functionality of the new front-end across the

net should be similar to that of the existing UDK

program. However, user friendliness has to be

improved.

� The system architecture must be based on WWW

communication, i.e., the hypertext transfer pro-

tocol http, and its tools.

3.2 Approach

There are several ways to make information which is

managed by a DBMS available on the World-Wide

Web. If open and portable systems are required,

which have to run in a heterogenous system en-

vironment (e.g., di�erent WWW servers, database



management systems, operating systems), propri-

etary solutions are not acceptable. Hence, we used

classical WWW technology (WWW clients, HTTP,

CGI scripts) and C programs with embedded SQL

statements for access and integration of information

sources. The approach is service-based, providing

several more or less small (independent) services for

information access, information processing, informa-

tion presentation etc. To provide more complex func-

tionalities, several services are combined. The e�ort

for integrating the services into an n-tier architecture

is comparative low.

3.3 Querying Metadata

Several search modes for UDK objects and addresses

are available. Hyperlinks provide easy navigation

among the objects and to the hypermedia help sys-

tem. Furthermore, a poly-hierarchical thesaurus

with environmental terms renders help in determin-

ing the search keywords appropriate for the prob-

lem at hand. This thesaurus had originally been

developed as part of an information retrieval sys-

tem for scienti�c research at the Umweltbundesamt

(UBA), the German Federal Environment Agency

[1]. Query and result forms can be presented in

di�erent languages including German and English.

User search terms are mapped to (a sequence of)

SQL queries, whose results enter into dynamically

generated pages. Several search modes support both

expert and novice users. In simple search modes,

the user enters a single search term that is in turn

mapped to several attributes of several relations. In

complex search modes, the user makes use of at-

tribute groups and speci�es which ones are to be

searched; searches in several attribute groups can be

combined using boolean opertors. Case-sensitive and

case-insensitive searches can be easily con�gured.

As a result, users �rst receive a list of those UDK

objects that have been found. Then users can choose

those objects they are interested in. Figure 1 shows

an example of the complete metadata that is �nally

presented.

3.4 On-line Access to Environmental Data

Services and Reports

The underlying UDK data model has been extended

in order to provide WWW access primarily to

environmental databases and reports within the UIS

of Baden-W�urttemberg (henceforth referred to as

WWW-UIS [11]). Nevertheless, the WWW access to

UDK data is still fully compatible with the original

UDK data model.

An UDK object can be linked to several base data

sources via typed links. These are URLs extended

by type speci�cations that indicate the type of

information (e.g., database service, report, map,

image) the URL provides. The type speci�cation

gives useful hints about the information provided so

that the user is protected from following worthless

links. E.g., a user who is interested in measurement

values may not be interested in photographs of the

measurement station (see Figure 1).

Environmental reports are split into static HTML

pages [5]. Currently, keywords are extracted au-

tomatically from these pages and inserted into the

UDK database. One of the databases that is avail-

able on-line on the Intranet is the limits value

database of WWW-UIS. This database features im-

precise querying techniques based on fuzzy sets [15].

4 Current Limitations and Future

Enhancements

WWW-UDK is based on the standard communica-

tion protocols of WWW. Subsequent HTML pages

start programs at the WWW server site, which in

turn access the database via the common gateway

interface (CGI). Each of these database accesses has

to perform its own connection to and disconnection

from the database. Another severe limitation is that

the hypertext transfer protocoll (HTTP) does not

support more complex interactions with database

systems such as database transactions. Thus, espe-

cially database transactions that access and mod-

ify more than one database relation are extremely

di�cult, if at all possible, to implement. Further-

more, the connection-less communication model of

HTTP and HTML (re-)imposes restrictions on the

user interface. Common techniques such as checks of

user inputs, context-sensitive lists of values or pop-

up menus are currently out of the reach of the WWW

standards.

The problem of complex database interactions

across the net can be solved by using Java applets,

i.e., small programs that are executed within WWW

browsers [26, 7, 4]. These applets can communicate

with server processes using more powerful commu-

nication protocols than HTTP, which, among other

possibilities, may support a session concept and en-

cryption.

The problem of using context-sensitive presenta-

tion techniques within the user interface can be ap-

proached using Java or JavaScript. JavaScript [20]

is a scripting extension to HTML. Unfortunately, in

sharp contrast to Java, JavaScript still lacks impor-

tant security features and strict de�nition as a stan-

dard.

Within catalogues, navigation along the tree-

shaped hierarchy of UDK objects can be made more

intuitively appealing with a graphical user interface.

Further functional enhancement is possible by the

use of the environmental thesaurus. First, the rela-
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Figure 2: Federation Architecture incorporating the World-Wide Web, CORBA, and Java

tionships within a thesaurus can be used to broaden

the search space of a query. Second, multilingual

thesauri facilitate multilingual retrieval [17]. This

requires a slight change of the current coupling of

UDK objects and thesaurus descriptors. Thus, the

combination of a standardized environmental data

catalogue and the World-Wide Web is a workable

solution which addresses metadata management and

on-line retrieval of both metadata and the underly-

ing environmental data, even when language barriers

have to be surmounted.

5 WWW-UDK in a Federation

Architecture

Within the UIS Baden-W�urttemberg, WWW-UDK

is embedded in the federation architecture of WWW-

UIS, an architecture of loosely coupled compo-

nents that retain their autonomy. With respect to

databases, federated DBMS [24, 2] represent the idea

of loosely coupled, potentially heterogeneous, and

autonomous databases.

However, driven by technological advances { not

the least in middleware { and organizatorial changes,

information systems nowadays are not just collec-

tions of (heterogeneous) databases [3, 22]. They

are rather composed of almost arbitrary information

sources, which all have to be used together. Now, to

allow for a higher degree of heterogeneity and thus


exibility, we developed a service-based federation

architecture for heterogeneous (environmental) in-

formation systems [11]. As a middleware layer we use

OMG's CommonObject Request Broker Architecure

(CORBA) [21, 25], a common industry-standard for

object-oriented integration of distributed, heteroge-

neous information systems [12]. This allows for tech-

nical interoperability between (almost) arbitrary in-

formation sources, covering heterogeneity and dis-

tribution of sources at the server site using wrap-

pers. These wrappers provide interfaces for informa-

tion exchange using CORBA's interface description

language (IDL).

WWW-UDK is part of this federation architecture

[18], as are databases like the limits value database

(Section 3.4) and geographical information systems

(GIS). All these can be accessed via WWW-UDK.

Equally important, the CORBA-based middleware

layer of WWW-UIS allows to overcome some of

the de�ciencies of the World-Wide Web, e.g., the

lack of combining the results of several DBMS

queries within a single result HTML page. For this

environment, we also developed an distributed event

processing facility that uses event-condition-action

(ECA) rules similar to active DBMS [29] for complex

situation monitoring [28].

Figure 2 summarizes this federation architec-

ture which combines emerging technologies like

Java, CORBA, and WWW. Horizontally, we dis-

tinguish between user-level and system-level ser-

vices. System-level services provide basic functional-

ity, such as accessing databases or geographic infor-

mations systems and preparing HTML pages. Also

non-data sources, like computing services, are inte-

grated. User-level services basically combine several

system-level services into higher-level services that

are eventually made available to the user. Java ap-



plets communicate with their server site based coun-

terparts using CORBA's stateful IIOP communica-

tion protocol.

Vertically, we distinguish between information

and data services. Information services are based

on UDK metadata, and help the user in locating

relevant environmental data. Both information

services and data services deliver results that in turn

are either used as input for the generation of HTML

pages or are directly presented by Java applets.

6 Conclusions

In this paper, we presented WWW-UDK, a Web-

based environmental meta-information system that

is currently used in Austria and Germany. Three cus-

tomized versions of WWW-UDK 3.0 (State Agency

for Environmental Protection Baden-W�urttemberg

(LfU), Germany; Federal Ministry of Environment,

Youth and Family, Vienna, Austria; Ministry of En-

vironment of Niedersachsen, Germany) are available

on the Internet (http://www.fzi.de/dbs/applAreas/

eis.html). Further installations are used on In-

tranets.

In the near future, we plan to use new technologies

like Java to further improve query functionality

as outlined in Section 4 and to provide basic

data collection functionality via WWW. Access to

the European Environment Agency's Catalogue of

Data Sources (CDS) is currently under development

at FZI as well [13]. On an international level,

interoperability with other catalogue standards like

the Global Information Locator Service (GILS) [6]

will become increasingly important.
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