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Preface

This study started in the summer of 1993. It was in Enkhuizen where Henk Scholten,
Han van Veldhuizen and I discussed setting up this PhD research, which sprang from
our mutual involvement in the European Pesticide Project. The project provided a good
opportunity for studying the mobilization and integration of spatial knowledge necessary
to support environmental management and allowed for collaboration with experts from
various disciplines. It resulted in EUPHIDS (an acronym for European Pesticide Hazard
Information and Decision-support System). However, I met the most relaxed expert
quite outside this project. It was in the Blue Mountains in Jamaica, where Willie, a local
farmer and Rastafarian in heart and soul, explained the basic concepts of the organic
approach to agriculture. Together with Eddy Blaas, I was very much impressed by the
way he tried to convince other smallholders on the island that this down-to-earth method
of farming is the most beneficial for Man and Nature in the long run.

Like the ‘GIS-house’ (cf. Chapter 3), one could also envisage a ‘PhD-house’, which
too needs a firm foundation. It is impossible to complete a study like this without the
support of people, without making arrangements, and without having good facilities,
etcetera. I would like to confine these remarks to the first group, as it is the most crucial,
and indeed the most interesting element. There are numerous people I want to thank. 

First and foremost, my promoters Henk Scholten and Peter Nijkamp gave me the
chance to carry out this research. They are most gratefully acknowledged for their
support, comments and criticism during the course of this study. Thanks also go to Jodie
Kersten and Ellen Woudstra for their great kindness and for providing the solid backing
which always stimulates the Department of Regional Economics to great heights.

I would particularly like to zoom-in on the ‘GIS-group’ of the Department of
Regional Economics. Working with this group was an extremely valuable experience
for me; it allowed me to be involved in a wide range of activities and to work with many
different persons. Henk played an important role, his positive attitude to life,
stimulation, and trust in people is very special. I learned many things from him during
this time. Also, I especially want to thank Michel Grothe and Mathilde Molendijk, two
great room-mates for several years. I greatly appreciate the cooperation with Michel and
would like to thank him for this. Mathilde gave me many insights into the culture of
Surinam, as well as hints on how to produce a CD-Rom. Particularly in the last year,
although she may not have realized it, she gave me immense support in finalizing this
study. Also thanks to Bart Kusse for always being willing to help. Further, I am greatly
indebted to Kees van Heerden, programmer of EUPHIDS, and who over many months
patiently assisted me with both the production of numerous maps and tables in this book
and their interpretation. There were many visitors to the GIS-group, which reflects its
dynamic character. Contributions to this study were given by Josh Dorf, Conor Fox (the
Irish guy who played football as if he was bullfighting), Laura Strada, Michael Visser
and Nienke Wagenaar.



Many people have commented on earlier versions of this study. I would like to thank
specifically Mathilde, Eddy and Saskia Nijhof (various chapters), Ton van der Linden
and Aaldrik Tiktak (parts of Chapter 7) and Jeroen van den Berg (Chapter 2). Han and
Michel gave me very valuable comments on the final draft version of this study. Further,
I am greatly indebted for the cooperation of all the partners of the European Pesticide
Project. Also collaboration with the National Institute of Public Health and the
Environment (RIVM) has been very valuable for this study. I would like to mention in
particular Arthur van Beurden.

Patricia Ellman took very great care with the English editing, and gave many
suggestions for improving the text. Rachel Bousaid very kindly word-processed the first,
most dense, phase of the corrections.

There are many persons outside the working environment I want to thank for giving
support in various ways: my parents and sisters, my nieces and nephews, who always
mailed me beautiful drawings, and my dear friends, amongst others, Maud(je!), Stef
(running mate in de Vondelpark), Han, Jeroen (from long distance), Eddy and Saskia.
Finally, I would like to mention the Waterlooplein. For the last two years it has offered
me a living environment, full of crazy funny people, food, noise and beautiful ever-
changing views of the Amstel: maybe it is not the most efficient place for writing a PhD,
but I would not like to have missed its lively atmosphere.
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CHAPTER 1

Scope and outline of the study

1.1 Introduction

“To achieve really sustainable development, it is necessary that economic growth,
improvement in competitiveness and increase in employment should go hand in hand
with careful management of the environment, living space and nature” (extract from
speech given by Queen Beatrix of the Netherlands at the opening of the Dutch
parliament in September 1996).
 

Over the last few decades the environment has attracted ever increasing concern. Not
just the public but also the policy makers have become alerted to the adverse human
health and environmental effects of economic development. In this connection, reports,
such as ‘Limits to Growth’ (Meadows et al., 1972) and ‘Concern for Tomorrow’
(RIVM, 1991) have played important roles. Studies like these have provided
information about the growing number of pollution sources (due to population pressure
and all related activities, such as agriculture, traffic and transport, industry and energy
use), and have spelled out the negative environmental consequences of this
development. Governments as well as the general population have gradually realized the
necessity to change behaviour in order to decrease environmental and human health
effects. It appears, however, that there are no easy remedies for environmental problems.
Opschoor (1989) mentions several factors to explain why a solution to environmental
problems is often elusive: environmental and public health effects are not adequately
priced, they may appear at a distance in space as well as in time, they occur in systems
that are insufficiently understood and involve a conflict between individual and
collective interests. This study focusses on the spatial dimension of environmental
effects. The Netherlands compared with other European Union countries has specific
regional characteristics that make environmental management a priority. These local
factors are the high environmental pressure per square kilometre and related
environmental degradation, a relatively vulnerable environment in combination with a
large amount of spatial external effects from neighbouring countries and a high
population density. At the regional scale, even within a relatively small country like the
Netherlands, these characteristics show a regional differentiation. The challenge of
environmental management is to safeguard human and environmental health. To support
this aim spatial information particularly about the aspects mentioned above will help to
clarify at least part of the environmental problem. To this end, the accessibility of spatial
information for environmental management has been chosen as the subject of this study.
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1.2 Environmental management and space

Figure 1.1 depicts environmental effects in a systems perspective. This perspective
consists of four systems: the ecological system (the natural resources and environmental
quality); the economic system (the production and consumption of goods and services,
investments and technological development); the social-cultural system (norms and
values); and government. These systems are interrelated. Environmental decay can be
envisaged as an imbalance resulting from the interrelations between these processes.
This can best be illustrated on the basis of the agricultural sector as it has a close
relationship with the natural environment. Agriculture is highly dependent on natural
resources such as soil, water, various animal and plant species and natural energy. On
the one hand, agricultural activity makes use of these natural resources which, in
combination with the production methods applied, can lead to negative environmental
effects, either by making extensive use of natural resources or by polluting the
ecological system. On the other hand, agriculture has an interest in both a good quantity
and quality of these natural resources, as these are important input factors. This is one of
the arguments for incorporating information about adverse environmental and human
health effects in the decision-making processes of management, such as decisions on the
production methods to apply at the farm scale. Another argument is to protect
vulnerable and valuable ecosystems. Due to the factors described in the previous section
(e.g. inadequate pricing, complexity, space and time components, conflicting
objectives), the problem of adverse effects is often not incorporated in the decision
process and imbalances between the economic and environmental system occur.
 If imbalances persist, government should play a correcting role, to protect
environmental and public health as well as to stimulate more sound environmental
behaviour. Balancing the economic, environmental and social-cultural system, in
particular when considering development possibilities for future generations, relates to
the concept of ‘sustainable development’ (WCED, 1987) – a concept that has become an
important guideline in present-day policy. To tackle imbalances, government can
intervene in the economic system (e.g. through regulations or levies), the ecological
system (e.g. through purification of the drinking-water) or address the economic system
in more indirect ways via the social-cultural system (by stimulating more environmental
consciousness in the economic decision-making process) (cf. Figure 1.1). These
interventions may take place at different spatial scales (local, regional, national,
(inter)continental). Lately, there has been more political impetus for the last type of
intervention (VROM, 1992a) that increases the involvement of local management (such
as households and companies) in tackling environmental effects. The term
environmental management in this study will therefore be used to cover both
environmental decision-making activities at the different administrative scales
(‘government’; Figure 1.1) and decision-making activities at the local scale (‘economic
system’; Figure 1.1).

Both the economic and the ecological system have spatial dimensions. Sources of
pollution are spatially distributed. Due to different spatial dispersion processes of
pollutants, environmental loads will show spatially differentiated patterns. In addition,
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human health and environmental receptor groups show spatial variety in their presence
and characteristics, like their sensitivity to certain pollutants. ‘Concern for Tomorrow’
(RIVM, 1991) reported the change which has taken place in the spatial scale of effects:
first, problems occurred and were recognized at local and regional scales (e.g. noise
pollution, regional water pollution), but now continental and global scales (climate
change, depletion of the ozone layer) are also involved. Incorporation of the spatial
dimension in environmental management makes it possible to better match solutions to
environmental problems. Regionally differentiated policy is an example of this
approach. It aims to finetune spatial functions, economic activity and environment
quality at the regional scale (Actieplan Gebiedsgericht Milieubeleid, 1990). Both
regional administrative bodies and local management play an important role in the
elaboration of this policy.

Figure 1.1: Environmental effects, environmental management and environmental
research in a systems perspective.

1.3 Spatial information for environmental management

Whether to take political action, whether to increase research activities, what policy
objectives to set or instruments to apply are some of the decisions which have to be
taken at the various administrative management scales. At the local management scale
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similar questions need to be answered: What are the production goals? What production
methods should be applied? To support these decisions, information is essential (Figure
1.1). The management of the environment requires a wide variety of information to gain
insight into the state of the environment, to forecast future developments, to develop and
select courses of action and to monitor their effects. Such information can be depicted in
many dimensions. These dimensions are related to the sources (different economic
groups and activities), to the type of the problem (e.g. diffusion, acidification, waste), to
different environmental compartments (air, water, soil), to different public functions
(e.g. the drinking-water function, areas of outstanding natural beauty) and to
environmental policy and management aspects (Adriaanse, 1990). Concepts like
‘sustainable development’, that play an important role in present-day environmental
management, have an even more complex information demand. To achieve balance
between the various economic and ecological systems, pertinent environmental,
economic and socio-cultural information needs to be gathered and integrated.

In the literature information is defined in several ways. Samuelson et al. (1977, in
Ouwersloot, 1994) state that ‘information is the meaning assigned to data by known
conventions’. A large part of ‘known conventions’ will be determined by the context in
which the user places the data. This implies that different users can give different
meanings to data and thus obtain different levels of information from similar data sets.
A raw data set can be informative for a spatial data analyst, but will probably be less
informative for an environmental manager. The definition which will be used in this
study is from Nijkamp, Rietveld and Voogd (1990), which states that information is data
that are collected and organized (for instance, by way of statistical techniques and
modelling) so as to improve insight or knowledge regarding a certain phenomenon. In
this study the perspective of the environmental manager is relevant – information should
improve his insight. Research plays a central role in the collection and organization of
data (cf. Figure 1.1). Research monitors and describes objects and relations in and
between the environmental and economic systems to inform managers on the (future)
state of the environment and on the effects of their decisions. Different research
activities can be distinguished, such as monitoring and data collection activities,
simulation modelling, scenario development and reference value development. To
transform data into information, research components are used and developed. This
study distinguishes the following three research components: data handling
functionality, environmental modelling functionality and decision-support functionality
which in combination with data sets results in the required information. An example of
decision-support functions are evaluation and presentation techniques, which in
combination with regional data about pollution levels and reference values will give
insight in the spatial pattern of effects in the region under consideration.  

Research is paying increased attention to the spatial dimension of data. One of the
first global forecast models developed (Meadows et al., 1972) depicted the world as a
lumped whole, ignoring spatial diversity. One of the reasons for its severe criticism was
that it excluded spatial and socio-political levels of response (Bennett and Chorley,
1978). Inclusion of the spatial dimension is elementary to support environmental
management not only in the identification of environmental effects, but also in the
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localization of effects in space. Management will need spatial information at different
spatial scales (local, regional, national, continental), each having a different level of
detail. A central role in filling this need can be assigned to Geographic Information
Systems (GIS), which can offer spatial data handling functionality to transform spatial
data into spatial information.

1.4 The position of Geographic Information Systems

The use of the term GIS dates back to the mid-1960s. It seems to have originated
from two quite different contexts. First, to manage the spatial data that was being
collected for the Canada Land Inventory, it was shown that computer technology could
be used to perform measurements on two maps simultaneously and more efficiently than
by using manual operations. Second, developments in the United States clearly
demonstrated the need for this new technology as a tool to support the management of
the many different types of data required for the large-scale transportation models then
in vogue. There, a GIS was conceived as a system capable of extracting appropriate data
from large databanks, making them available for analysis, and presenting the results in
map format (Coppock and Rhind, 1991).

The fundamental concept of GIS is based on space. The storage of spatial objects in a
GIS reflects (in a simplified manner) their appearance in the real world. Besides
functionality to store spatial data, GIS also offers functionality to integrate, analyse and
visualize spatial data. Goodchild et al. (1992) provide three arguments why a spatial
perspective in data analysis should be adopted. First, space provides a simple, but very
useful framework for handling large amounts of data. Second, the spatial perspective
permits easy access to information on the relative location of objects and events. Third,
a spatial perspective allows objects or events of various types to be integrated, in a
process formalized in GIS as overlay. To support environmental research there is a
considerable need for such an approach.

Crain and MacDonald (1984, in Maguire, 1991) identify three phases during the life
cycle of an operational GIS (cf. Figure 1.2): in the first phase, GIS is mainly used to
support inventory activities (the collection and integration of spatial data); in the second
phase, more attention is paid to spatial analysis, while in the third phase the level of
inventory and analysis applications is fully mature and applications focus more on the
support of management. In relation to environmental applications it can be said that the
first phase is now coming to maturity. To an increasing extent GIS is being used as an
instrument for collecting, manipulating and pre-processing data, for integrating spatial
data from disparate sources with potentially different spatial data models, spatial and
temporal resolutions and definitions, for monitoring environmental change at a range of
scales, and for the visual presentation of information. With respect to analysis
applications, it is often noticed in the scientific literature that there is a major
discrepancy between GIS as an instrument for handling spatial data and GIS as a tool for
answering questions in exploratory and explanatory spatial analysis (Openshaw, 1990a;
Scholten and Stillwell, 1990; Fischer and Nijkamp, 1993). The challenge here is to link
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the conventional GIS functions (storage and visualization) to more advanced spatial
analysis and modelling techniques so as to improve the quality of decision making. In
the previous section the first group of forecast models, characterized by a high degree of
spatial aggregation, was mentioned. One of the advantages of modelling in a GIS
environment is the possibility to use spatially-distributed parameterized models of the
environment instead of the classic, aggregated, analysis. The environmental modelling
community has made considerable progress in this respect (see Steyaert and Goodchild,
1994). 

Figure 1.2: Stages in the development of GIS applications (Maguire (1991), after Crain
and MacDonald, 1984).

The ultimate objective of environmental research is to provide environmental
managers with relevant and reliable information. The interfacing between these two
fields is is a major challenge (Van Egmond, 1996). As Goodchild (1993) puts it: “We
spend vast sums on collecting raw geographic information with technologies such as
remote sensing, and on modelling environmental processes, and yet it often seems that
the biggest problem of all is the translation of this knowledge into useful and effective
policy.” The standard product of a GIS, the map, is the first step in the transfer of spatial
information. It provides managers quickly and accurately with information in its most
concise form. But, it is a rather static medium. Most environmental decision-making
processes will be better supported with more interactive approaches where managers can
explore, query and analyse information by themselves (Guariso and Werthner, 1989;
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Densham, 1991; Janssen, 1992; Douven et al., 1993a). This relates to the third phase of
the GIS life cycle, as shown in Figure 1.2: the phase where management applications are
dominant. The position of management applications in relation to data inventory and
analysis applications in this phase plays an important role in this study.

Since its introduction, GIS has undergone a rapid development in terms of software,
resulting in a broad market of software products (for an overview see GIS World, Inc.,
1995), as well as a wide variety of users and applications (see, for example, Grothe et
al., 1994 and Grothe and Scholten, 1996, for an overview of user groups and
applications in the Netherlands). As the number and diversity in users and user
platforms increases and the number of spatial data sources expands, technical
communication between these different platforms becomes relevant. This is particularly
the case in environmental research and management, due to the fact that GIS use in
these areas is considerable. One of the issues is the exchange of spatial data. This can be
improved by making agreements, setting standards and using meta-data. Several
initiatives like the National Spatial Data Infrastructure (NSDI; Tosta, 1995; Kok, 1995)
further elaborate these ideas of spatial data sharing. Another example is the GI2000
programme (Geographic Information 2000), recently launched by the European Union
to harmonize national geographic information structures. Developments in the context
of Open GIS (Geo Infosystems, 1995) go one step further, and intend to achieve a free
exchange of spatial data between different GIS platforms. In addition, Open GIS
focusses on a more free exchange of spatial data handling functionality between
different computer platforms. These developments are leading to a changing role for
GIS, not so much as a stand-alone computer environment trying to serve all different
user needs, but more as an interactive group of different specifically tailored
environments (serving data inventory, analysis and management applications),
embedded in spatial data infrastructures covering various spatial regions. In this respect,
we will speak of Geographic Information Technology (GIT).  

1.5 Objectives of the study

To support environmental management, information is needed to unravel part of the
complexity inherent to environmental problems. Often environmental management
requires a wide variety of information; in the realm of ‘sustainable development’, for
instance, a combination of environmental, economic and social-economic information is
needed to tackle problems. Information on the spatial structure of the problem provides
important added value, in that it gives managers insight into the localization of problem
areas. Although to an increasing extent GIS is becoming institutionalized in
environmental research activities to support the development of spatial databases and to
perform spatial analysis and spatial modelling operations, managers, however, often see
GIS as too complex and inaccessible and it thus fails to provide enough support for
decision processes. There are several reasons for this: 
- GIS has focused more on research activities like spatial inventory and analysis than

on decision support; 
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- the development of the technology is based upon a broad base of scientific
disciplines, which implies that GIS use requires extensive background knowledge;
and

- the technology itself demands a considerable knowledge of Information Technology
(IT).

These observations imply that experts are needed to apply GIS technology within
decision-making contexts. The improvement of the accessibility of information in this
study deals with the transfer of research components (such as spatial handling and
modelling functionality) to managers in order to enable them to explore, query and
analyse information by themselves. To support this, easily understandable integrated
information systems, with powerful tools for visualizing and analysing environmental
problems, are proposed in the literature (Densham, 1991; Fedra, 1993; Nijkamp and
Scholten, 1993; Fresco et al., 1994). This approach implies that the process of
transforming (raw) data to (strategic) information will take place not only at the research
level, as shown in Figure 1.1, but also at the management levels. With respect to
accessibility a distinction is made between physical accessibility and cognitive
accessibility (Kraak et al., 1995). Physical accessibility deals with the discovery and
exchange of research components. In this study the main focus will be on spatial data, as
it is an important element necessary to feed the three functionality groups distinguished.
Cognitive accessibility deals with the question whether research components are
suitable for analysis and decision-making applications.

Figure 1.2 shows that in the third phase of the development of GIS applications
management applications are dominant. The more research oriented type of applications
(inventory and analysis) are however indispensable to develop management
applications. This makes the communication between these environments very relevant
to improve cognitive accessibility (What research components are needed? And in what
format?) and to improve physical accesssibility (the exchange of spatial data sets
between the different information systems). The recent developments in the context of
GIT will particularly support the latter type of communication. In this study both types
of communication will be placed in an infrastructure framework.  

The overall objective of this study is to improve the accessibility of spatial
information for environmental management. This overall objective is reached by taking
the following steps:

1. The identification of the general spatial information requirements for environmental
management and the main components of environmental GIS research needed to
provide this information (Chapters 2 and 3).

2. The identification of the role of integrated information systems for management as
information systems which make spatial information more accessible (Chapter 4).

3. The identification of the position of integrated information systems for management
in relation to research, taking into account new developments in the light of GIT
(Chapter 4).
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Taking this path will result in an infrastructure framework designed to smooth the
communication between different integrated information systems at the research and
management level. 

Pesticide management, particularly environmental risk management, is typical of the
many challenges described above. The use of chemical plant protection products (further
referred to as pesticides) in agriculture can lead to serious environmental hazards, like
those associated with aquatic ecosystems in areas of surface water, or human hazards
due to the consumption of food and drinking-water. These problems have been recogni-
zed over a long period (Carson, 1962) and are still a matter of concern for environmen-
tal policy makers (RIVM, 1991; LNV, 1991; IKC, 1996). Both farm management and
environmental management at different administrative scales play a key role in the
reduction of these risks. There is a great need for appropriate information: to monitor
pesticide use and effects; to support decision making aimed at the reduction of adverse
effects at different management scales; and to evaluate the effectiveness of pesticide
policy (Reus et al., 1994). As pesticide use and its adverse effects have a clear spatial
component a regionalization of this information provides more detailed information,
which also enables decision makers to identify problem regions at various management
scales. To obtain this information multiple research components from many different
areas, such as (eco-)toxicology, environmental and human exposure modelling,
evaluation modelling and spatial data handling need to be developed. The accessibility
of these components for managers is not easy, due to the number of research
components and due to the fact that managers will not, in general, be experts in all these
fields. A fourth step to reach the overall objective of this study is therefore:

4. The demonstration of the role of integrated information systems and the
infrastructure framework in improving the accessibility of spatial information, by
means of an example of pesticide risk management (Chapters 5, 6, 7 and 8) .

This study focusses on the improvement of the accessibility of spatial information for
environmental managers. The empirical part of this study, which deals with agriculture
and the use of agricultural pesticides, will be viewed from this perspective. So far as
information concerning these fields is not relevant for the objective of this study, it will
not be treated. Furthermore, the main focus with respect to the information demand will
be on the ecological system (cf. Figure 1.1).

1.6 Outline of the study

   Figure 1.3 shows the structure of this study. Chapter 2 describes the spatial dimension
of environmental effects and of environmental management. These descriptions will
lead to general spatial information demands for environmental management. The main
environmental research areas which can provide this information will be identified.
Chapter 3 will give an introduction to GIS concepts from different perspectives. Besides
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a strictly functional perspective also wider perspectives will be explored with respect to
integrating spatial data handling functionality with other functionality groups serving
various user demands in the environmental field. In addition, a more organizational
perspective will be given, demanding a more ‘open’ GIT structure. Chapter 4 will focus
on the concept of integrated information systems, which offer optimized functionality to
a variety of users of spatial information. Particular attention will be paid to integrated
information systems for management purposes and their relation to research by means of
a functional and spatial data infrastructure. Chapter 5 outlines the use of agricultural
pesticides and their adverse effects. This chapter will also introduce the European
Pesticides Project, which is geared to the development, integration and making
accessible of research components to support pesticide risk management. The project
will be further described in Chapters 6, 7 and 8. Chapter 6 describes the functional and
spatial data requirements for a customized integrated information system for pesticide
risk management. This is the Spatial Decision Support System (SDSS) called EUPHIDS
(European Pesticide Hazard Information and Decision-support System) which integrates
spatial data handling, modelling and decision-support functionalities. Chapter 7
describes the spatial modelling of pesticide exposure. It does so from a research
perspective and explains the adjustments which were carried out to make
implementation in EUPHIDS feasible. Chapter 8 discusses the different actors involved
in the development and use of EUPHIDS, their tasks and GIT environment demands.
Also the role of the infrastructure framework described in Chapter 4 in facilitating the
communication between all actors will be discussed. The study will be concluded in
Chapter 9 with an evaluation of the four objectives set out in this chapter, and some
future perspectives will be indicated.
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CHAPTER 2 

Spatial information 
for environmental management

2.1 Introduction

This chapter focusses on the spatial component of information. To an increasing
extent this component is being incorporated in environmental research to provide insight
into the spatial structure of environmental problems, and thus to enable decision makers
not only to identify environmental problems, but also to localize these problems. In this
way, spatial information can be relevant to support efforts to better match decisions to
local and regional circumstances. This chapter will address the spatial aspects of
environmental effects, environmental management and its characteristics, the type of
spatial information environmental management needs to support its activities, and the
function of research in providing this information. These elements and relations are also
shown in Figure 2.1. The chapter starts in Section 2.2 with a description of
environmental effects from an economic and ecological systems perspective, and their
spatial dimensions. In Section 2.3 the role of policy in solving these problems will be
addressed in terms of four phases of environmental policy development. In Section 2.4
the social-cultural system will be considered, particularly the notion of ‘sustainable
development’, as it plays a central role in environmental management. Then, Section 2.5
will consider different dimensions of environmental management, and further elaborates
the associated decision processes and their characteristics. The role of spatial
information in supporting these decision processes and the qualitative aspects of the
information demand will be further explored in Section 2.6. In Section 2.7 the position
of environmental research will be discussed. The chapter concludes with Section 2.8.

2.2 Environmental effects and their spatial dimensions

The economic system includes human activities, such as production and
consumption. These activities take place in households, companies and institutions. To
develop and to function these activities have needs, such as space, energy, food and
natural resources. These needs will lead to various degrees of pressure on the ecological
system. Whether this will lead to environmental effects depends on the latter's capacity
to resist this pressure. Ecological knowledge about the sensitivity of the environment to
change and the stability of environments is relevant to determine the upper limits of
pressure from economic activity (Barrow, 1991). Environmental effects can be broadly
classified into pollution, exhaustion and harm (Bouwer and Klaver, 1987). Pollution



Social-
cultural
system

Values

Ecological system Economic system

Government

Space

Main research data flows

Development and use of:
- spatial data handling functionality
- environmental modelling functionality
- decision-support functionality

Main research information flows

Management

ManagementEffect

Interactions

Environmental research

- direct regulation
- economic instruments
- social regulation

social
regulation

social regulation

14

implies the transfer of chemical matter or energy into the environment in amounts larger
than the normal level, causing negative effects on humans, other living organisms,
ecosystems, cultural or material goods. Exhaustion means the removal of natural
resources so fast that the ecological system is unable to regenerate. Harm implies effects
other than those mentioned above, such as effects on nature and landscape, ecosystems
and the tropical rainforest. In this study, the focus will be on the pollution aspect.
Environmental effects will be seen as imbalances between the economic, ecological and
social-cultural systems. Such an imbalance occurs if ecological reference values are
exceeded. Reference values can imply a broad set of thresholds, from eco-toxicological
reference values for single organisms up to the buffer capacity of the overall ecological
system. 

Figure 2.1: Environmental management and research in a systems perspective.

The processes taking place in and between the economic and ecological system (cf.
Figure 2.1) reflect the causality chain that starts with economic activity emitting
polluting matter. The pollutants are then transported through environmental
compartments and concentrate in these compartments and finally expose different
environmental and human receptors to their harmful effects. From a spatial perspective
three elements are relevant in studying environmental effects: the spatial distribution of
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the source(s) of pollution, the spatial scale of exposure routes (pathways), and the spatial
distribution of receptor categories. These will be described here in turn.

The spatial distribution of the source(s) of pollution
In the economic system companies, for example, are faced with a number of choices;

what products to produce, how many products to produce, what mix of production
inputs to select and what pricing of the products to follow. Regional variation of the
availability, quality and price of these input factors is one of the factors causing regional
differentiation and specialization of economic activity. In particular in our society,
governmental regulation also plays a crucial role in this process, e.g. via land use
planning and the subsidizing of investments. Hence, the spatial allocation of economic
activity can be regarded as an interplay between the economic, ecological, social-
cultural systems and government. The result of this interplay can be represented in
several ways, such as a spatial pattern of land use activities. The production methods
and techniques applied within these different land use activities result in spatial and
temporal patterns of the intensity of the use of land and input factors like energy or
chemicals. 

The spatial scale of exposure routes
In the economic as well as the ecological system, various transfer mechanisms take

place (Siebert, 1985; Ryding, 1992). Waste collection is an example of transfer more
related to the economic system; groundwater movement can be a transfer mechanism for
pollution in the ecological system. Transfer can take place from one person to another,
from one time period to another and from one location to another. The latter type of
transfer can occur at different spatial levels. Figure 2.2 shows these different scales as
well as some characteristics of environmental processes at these scales, and some
examples of environmental effects. 

Economic and environmental processes are characterized by a reciprocal relationship.
Local economic processes can have impacts on a regional or even global scale (e.g.
global climate change through CO  emissions). Conversely, these resulting changes can2

in turn have impacts on local environments (climate change affecting agricultural
activity, e.g. through the process of desertification). The spatial scale of the exposure
routes is dependent on various factors including economic variables like the
characteristics of the activity (frequency and amount of discharge, level of
environmental technology), of the emitted matter (chemical properties, like persistence)
and of the environmental compartments (Bennett and Chorley, 1978; Ryding, 1992).
The latter point refers to the geo-physical characteristics of the various environmental
compartments (for instance air pollution diffuses more easily in flat areas than in
mountainous areas) and the physical processes taking place in each of the
compartments. Regional differences in these environmental conditions will result in
differences of the spatial scale of the processes taking place. 
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Figure 2.2: Spatial scales of environmental effects, and the underlying processes
(RIVM, 1991).

The spatial distribution of receptor categories
A third element relevant to the study of environmental effects in a spatial context is

the spatial distribution of receptor categories. The specific regional environmental
structure determines the sensitivity of a region to environmental and economic forces.
This structure will be determined by factors such as the presence or absence of rceptors
as well as the degree of sensitivity of receptors (e.g. aquatic ecosystems) or their
particular functions (including areas of outstanding natural beauty used for recreation
and drinking-water).

Combined spatial information on the three elements described will help to identify
environmental problem areas, for instance a region with a high emission of pollution,
characterized by small-scale exposure processes, and a natural environment vulnerable
to this pollution.
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2.3 Environmental policy development

If imbalances occur between the systems and result in environmental effects,
government institutions can perform a preventing, correcting and controlling role
through environmental policy (Figure 2.1). The development of environmental policy is
a dynamic process. The seriousness of the problem, the power of interest groups, the
changing ethical stances towards the environment are some of the main determinants in
this process. In the process of environmental policy development Winsemius (1987)
distinguishes four phases:

Recognizing an environmental problem
In this phase, signals from different sources (research, the public, interest groups,

government organizations) lead to the recognition and identification of a problem.

Formulating policy
Here, data is collected and analysed; a pre-set of preliminary solutions is generated;

and policy measures are tested in the search for the most effective solutions. The
exploration of scenarios can give an idea of the available space for economic
development, by comparing the estimated environmental pressure with the ecological
reference values (like buffer capacities). As it is not always possible to quantify such
reference values, often rule-of-thumb values will be employed. At the end of this phase
it is clear who is responsible for solving the problem, in what time frame, with which
objectives, underlying principles and global measures. The principle of ‘sustainable
development’ plays a central role in the formulation of policy. This concept will be
addressed in the next section.

Solving the problem
In this third phase, policy measures are identified in more detail and implemented.

Governments have at their disposal several instrumental options to realize the objectives
of environmental policy (Opschoor, 1991). They are also indicated in Figure 2.1.
Besides a set of options aiming at activities of collection, treatment or storage of
discharges and waste (i.e. intervention via the ecological system – also referred to as
effect-oriented policy), another set of options aims at altering the environmental
behaviour of polluters (intervention via the economic and social-cultural systems – also
referred to as source-oriented policy):
- Direct regulation of the environmental aspects of polluters’ behaviour through

standards, permits and bans as well as area regulations (zoning, groundwater
protection areas), and policy plans (containing binding regulations) (see also Van Ast
and Geerlings, 1993). With respect to the decision context for local management this
implies a restriction or expansion in the number of alternatives imposed from above.

- Economic and financial incentives inducing environmentally desirable behaviour,
which implies a modification of the decision context involving both central
government and local management, by changing the cost-benefit ratios of the various
alternatives.
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- Social regulation, consisting of instruments like training and education, which aims
at a more voluntary ‘internalization’ of environmental considerations in the
evaluation of alternatives.

The list above shows a decrease in government effort to maintain regulation and an
increase in private responsibility for the public, companies and institutes to internalize
environmental values in decision making. Until now, government has mainly
approached environmental problems through the first option (Opschoor and Vos, 1989).
The disadvantage of this direct regulation is the large maintenance effort government
has to take, which decreases the theoretically large efficiency of the instrument (WRR,
1992). There are, however, situations where there is no other option than direct
regulation, i.e. environmental problems leading to severe effects for the environment
and public health (e.g. involving substances like carcinogens which cause high risks for
human health), short-term problems and problems featuring high risks and uncertainties.
The second and third type of instruments are receiving more attention nowadays
(Winsemius, 1987; VROM, 1992a; the Dutch Committee for Long-Term Environmental
Policy, 1994; Verhoef, 1996). Both are characterized by an ‘internalization’ of
environmental effects in decision making. Economic instruments, ‘internalize’ adverse
environmental effects by means of valuing these effects in monetary terms (Baumol and
Oates, 1988). Social regulation is based on a more voluntary ‘internalization’, which is
related to the principle of shared responsibility. Shared responsibility focusses on
making producers and consumers more aware of the possible adverse effects of their
activities. The aim is to voluntarily ‘internalize’ these adverse effects in the decision-
making processes and thus arrive at more environmentally-safe production and
consumption methods. A prerequisite is that actors are informed about the
environmental effects of their behaviour, and are willing to change their behaviour.

Control of the problem
As soon as the problem is reduced to acceptable proportions, the aim of policy

becomes to ensure the environmental quality through management with enforcement
and maintenance. This phase, in particular, reflects the cyclic process of policy
development. Several feedback mechanisms can take place: monitoring information
may demonstrate that objectives are not met; a pollutant may have a wider scope than
previously assumed, or technical measures may turn out to be insufficient due to
unforeseen developments in society. In such cases policy objectives (in the second
phase) or the set of policy measures (in the third phase) will have to be adjusted.

   Problems can have different locations on the policy development curve. For instance,
the depletion of the ozone layer can be found in the first part of the cycle, while an
environmental problem, like the purification of drinking-water, has already been
recognized, studied and ‘solved’ for years and can thus be found in the fourth phase.
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2.4 Intermezzo: the social-cultural system

The values and norms evolving in the social-cultural system are the basis for the
economic structure, but they also determine society’s vision of the environment (Figure
2.1). The willingness of local management or management at the various administrative
scales to act in the case of environmental effects is dependent on the perception of the
ecological system and the desire to preserve it and prevent degradation. Ecological
values and norms change over time and between cultures, giving them a dynamic
character. This is illustrated by the increasing environmental awareness of the public in
recent decades and by the fact that policy plans nowadays pay more attention to
environmental issues. 

In the Dutch situation this change in environmental attitude can be shown with
reference to three periods of environmental policy making (Bouwer and Klaver, 1987;
Van Ast and Geerlings, 1993). The first period at the beginning of the century was
characterized by an approach directed towards problems and sources of pollution aimed
at decreasing industrial damage and risks. In the second period, which started in the
1960s, an approach towards sectors and compartments (such as water, soil, air, waste,
noise and radiation) was adopted. Later, a further distinction was made between sources
of pollution and environmental quality, as well as a further differentiation between
substances. In the third period, starting from the end of the 1970s onwards, a more
preventive environmental policy has been developed. Studies by the Club of Rome (e.g.
Meadows et al., 1972) contributed to this change. They showed that the existing state of
the environment and particularly estimated future states demanded a more active role by
governments. Besides, policy started to focus less on sectors and more on an integral
approach towards environmental problems: integration of environmental sectors and the
integration of environmental and economic aspects. Examples of this are the use of
Environmental Impact Assessment in policy evaluations, and the initiation of integrated
regionally differentiated policy. The Netherlands has always played a prominent role in
environmental policy. Opschoor (1990) points out that this is due to the specific
(geographic) characteristics of the country: high environmental pressure per square
kilometre and related environmental degradation, a relatively vulnerable environment in
combination with a large amount of spatial external effects from abroad, a high
population density and the relatively high standard of living.

Similar changes in attitude as in the Dutch situation have also taken place at the
European level. The Treaty of Rome (1957) was still in the business of promoting ‘a
continuous and balanced expansion and an accelerated rise in the standard of living’
without expressing any concern for possible environmental effects. However, in 1988,
the European Commission stated that ‘sustainable development must be one of the
overriding objectives of all Community policies’ (Verhoeve et al., 1992).

The concept of sustainable development  
As environmental effects can be regarded as imbalances between the economic,

ecological and social-cultural systems (Figure 2.1), sustainable development aims to
balance these three systems. It is one of the main principles of present-day
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environmental policy. The broad international discussion of the term ‘sustainable
development’ was launched by the World Commission on Environment and
Development (WCED) in 1987. Given the environmental change and degradation
stemming from economic developments in past decades and also given the wish to
safeguard the environment and society’s future needs, a rethinking and re-evaluation of
current economic developments was found necessary. The WCED defined sustainable
development as ‘a development that meets the needs of the present without
compromising the ability of future generations to meet their own needs’ (WCED, 1987).
The notion has a normative character, which explains why the term is open to a wide
range of interpretations (see e.g. Opschoor, 1994 and Van den Bergh, 1996). In all
definitions there appears to be a general agreement on the following elements of the
sustainability concept: a) it emphasizes a long-term perspective, particularly a concern
for future generations, b) it involves a two-way interrelationship between social-
economic and environmental variables, which leads to the view that c) limits should be
imposed on the use of natural resources in production and consumption processes (Van
Pelt, 1993). 

Two ethical concerns underlie the notion of sustainable development (Van den
Bergh, 1991). The first is related to the time dimension, which is explicitly mentioned in
the WCED definition. To what extent is the present generation willing to change its
behaviour in order to safeguard possibilities for future generations? The second concern
has to do with the perspective of Man in relation to Nature. To what extent are we
willing to safeguard or preserve environmental diversity, ranging from species to
ecosystems? In this connection, WCN/IUCN (1980) adopted an approach more
ecologically-oriented than that of the WCED (1987). It stresses the need for ‘improving
the quality of human life while living within the carrying capacity of supporting
ecosystems’ (see also Pearce and Turner, 1990). Important in the further
operationalization of the notion of sustainability is the identification of this carrying
capacity, also referred to as the threshold level of the concept (Van Pelt, 1993). What are
the upper limits of pressure on the ecological system in the light of sustainable
development? In the context of resource use, Opschoor (1992) introduced the term
‘Environmental Utilization Space (EUS)’. Such a Utilization Space shows the relative
distance between the actual and the threshold resource use and thus the scope for
resource use to service new economic activities. As ‘sustainable development’, EUS is a
dynamic concept, since it is determined by acceptable levels of using environmental
functions, the patterns and levels of the economic activities and their impacts, and the
prevailing state of science and technology.

2.5 Environmental management and decision making

Environmental management involves a wide variety of decisions. Taking a process-
oriented view of decision making, Mintzberg et al. (1976) distinguish the identification,
development and selection phases. Identification deals with the search for information in
the decision context. Through collection of data and information the decision maker
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tries to identify the problem domain and its structure (Guariso and Werthner, 1989). As
soon as the problem is structured, courses of action will be identified in the development
phase to solve the problem. These courses of action are generally referred to as
alternatives. The selection of a plan from the set of alternatives is performed in the
selection phase. Within these phases Mintzberg et al. identified a number of different
routines:
- the identification phase, which consists of a recognition and diagnosis routine

(What?)
- the development phase, which consists of a search and design routine (What

alternatives are available?); and
- the selection phase, which consists of an assessment routine (What-if alternative?),

evaluation routines (What alternative is the best?) and an authorization routine.

Environmental decision-making characteristics
The cycle of decision process phases is far more complex than the sequence

‘identification’, ‘development’ and ‘selection’ suggests (Simon, 1960; Mintzberg et al.
1976). This is particularly the case with respect to environmental problems (Janssen,
1992). What are the specific characteristics of environmental decision processes? One of
the main features is the complexity and uncertainty of the problem, as such problems
occur in systems that are insufficiently understood (Guariso and Werthner, 1989;
Opschoor, 1989). Vellinga et al. (1994), among others, stress that it is not (yet) possible
to define exact quantitative ecological limits that can function as one of the conditions
of sustainable development. This is due to many complex and interlinked feedback
mechanisms in the ecological system and to the fact that environmental quality and
quality of life are subjective issues. Other characteristics of environmental problems
have been mentioned in the introductory chapter: environmental costs are not adequately
priced; problems can arise at a distance both in time and space; and they often involve a
conflict between individual and collective interests (Opschoor, 1989). Janssen (1992)
further analyses these characteristics and identifies the following set of environmental
problem characteristics:
- all environmental problems are multi-objective (e.g. economic, ecological, social-

cultural objectives) and most problems require the use of extensive information;
- almost all environmental problems include one or more feedback cycles from the

selection phase of the decision process to the development phase;
- mechanisms and processes underlying environmental problems used to simulate

these processes are often complex and difficult to understand;
- information is often incomplete and uncertain;
- environmental problems involve a variety of information, models and methods in

support of the decision problem.

Management phases and scales and decision making
The four policy phases identified in Section 2.3 (recognizing, formulating, solving

and control) will be further referred to as management phases (cf. Figure 2.3). The
progress through these phases can be regarded as a single decision process. But also
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within each of these management phases, identification, development and selection
steps can be distinguished: for example, the development and selection of alternative
targets and objectives in the formulation phase, the development and selection of
alternative policy measures in the solving phase, and in the control phase the
development and selection of alternative courses of action if the monitoring information
shows that objectives have not been met (cf. Figure 2.3). Choices made in each phase
will in general determine the decision space in subsequent phases. For example,
objectives selected in the formulation phase (e.g. to diminish emissions into the
environment) will determine the development and selection of alternatives in the
solution phase.

Figure 2.3: Relation between environmental management phases, decision processes
(I = identification, D = development and S = selection) and planning levels, and
management scales.

Multiple actors are involved in environmental management, each having their own
decision-making perspective (norms, values, interests and objectives). Besides managers
at the local scale (households, companies), management at various governmental scales
can be distinguished, such as the European, national and regional scales (cf. Figure 2.3).
The roles of both the European scale and the local and regional scales are increasing: the
European scale largely because of the transboundary character of many environmental
problems; the local and regional scales due to the regional differentiation of sources and
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effects, and the increased interest in social regulation (Section 2.3). In general it can be
said that choices made at the larger scale (Europe, national) will determine the decision
space at smaller scales.

Awareness (the first management phase) will generally be raised at all management
scales, particularly the national and regional scales. But not every management phase
will be equally relevant for the different management scales. Formulation of objectives
and global measures is mainly concentrated at the national scale (objectives of
agricultural and environmental policy) and the local scale. With respect to the solution
phase there is quite some diversity in the relevance of the various management scales.
Levies, for instance, can be best implemented at national, preferably the European scale
(WRR, 1992), training and education and voluntary agreements at the regional and local
scales. Control activities will generally take place at those scales where objectives have
been set, to enable the evaluation of these objectives.

Degree of structure in environmental decision-making
In planning, different levels of decision making can be distinguished, each with its

own activities and decision support requirements: decision making at the strategic level,
decision making at the tactical level and decision making at the operational level
(Anthony, 1965). Strategic decision making deals with decisions about the objectives or
changes in the objectives (‘whether to do it’). Strategic decision making involves long-
term policies. At the tactical level policy measures are assessed and issues targeted
(‘what to do’). Operational decision making has to guarantee effectiveness and
efficiency in performing operations, within constraints set by higher levels (‘how to do
it’ and ‘doing it’). It will have a shorter time range than the other planning levels. 

This distinction between these planning levels is relevant as their decision context is
different, and this has implications for the degree of decision support required for
management. In general, it can be stated that at the operational planning level problems
will be more structured, easier to quantify and more amenable to a rational decision
process. If a problem is structured, the decision process can be designed more rationally
and the underlying analysis better based upon quantitative variables (Guariso and
Werthner, 1989). At the tactical and strategic planning levels problems will in general
be semi-structured or ill-structured. Ill-structured problems may be caused, for example,
by lack of data or knowledge or variables that are not quantified, or by too great
complexity. The less structured a problem, the more support will be required to assist
decision making in the development of alternatives in the development phase, while for
more structured problems the selection phase will be emphasized (Janssen, 1992). 

The management phases of Figure 2.3 are similar to the planning levels mentioned.
Strategic decision processes will be most dominant in the second management phase
(Guariso and Werthner, 1989). In later management phases the decision context will
become more structured. Strategic decision processes will then be replaced by more
tactical and operational processes. 

The environmental problem context is not very structured, as seen before in this
section. The degree of structure of general decision problems varies with the
management phases. This problem context sets demands for the support of



24

environmental decision making (Densham, 1991, Fedra, 1993). This topic will be
addressed in Section 2.7.

2.6 The spatial information demand

2.6.1 The role of spatial information

As seen in Section 2.3 the spatial dimension plays an important role in both the
economic and the ecological system. To balance the systems, appropriate action at the
right scale and at the right place is required. Spatial information in this respect has an
important function in supporting environmental management at governmental as well as
local scales. From a spatial perspective, three main spatial questions are relevant to
support environmental decision making (Rejeski, 1993):
- What is the spatial pattern of relevant variables?
- What is the spatial coexistence of relevant variables?
- What is the pathway between source and receptor?

The answer to these questions will mainly support the identification and selection
phases of the decision process, as the in-between phase (the development phase) is a
more intuitive, creative phase. The set of three questions listed above particularly relate
to the identification phase of the decision process (What?). In the selection phase ‘What-
if ?’ type of questions become relevant to assess the estimated effects of alternatives
(e.g. ‘What is the spatial coexistence of relevant variables if alternative A is selected?).
Some examples will be given below of the role that spatial information can play in
supporting the different management phases. 

Example: creating awareness 
Explorative studies are relevant in the awareness phase to identify problem situations.

As an example, Openshaw (1990b) describes methods and techniques to search for
cancer clusters, and to investigate the relation between these clusters and the location of
sources of pollution (like waste incinerators). Also ad hoc measurements can lead to the
recognition of a problem, like the depletion of the ozone layer. Spatial data gives
information on the area of the depleted ozone layer, and the area and characteristics of
the earth’s surface under exposure.

Example: the choice of the scale of intervention
This is an example of the use of spatial information in the second management phase.

Due to spatial processes, environmental effects are often transferred to regions at a
distance from those where the emissions take place. As a result a spatial conflict
between economic, ecosystems and effect regions occurs (cf. Figure 2.4). This leads to
the question: ‘What is the ideal scale of intervention?’ (Siebert, 1985; Verbruggen,
1992). In general, the solution of environmental problems should take place at levels
equal to the scale of the environmental problem concerned. This implies that local
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problems can best be tackled at local scales, and global problems at global scales.
Spatial information about the different regions will give insight into the problem context
(identification) and support the development and selection of the level of intervention.

Figure 2.4: Conflicting regions in environmental management.

Example: regionally differentiated policy
This example deals with regionally differentiated policy, relevant in the third

management phase (the solution phase). This policy focusses on the local, regional and
fluvial scales and in particular on those processes where both sources and effects are
taking place at these scales. Currently, regionally differentiated policy is the third track
of Dutch environmental policy (besides effect- and source-oriented policy). The
advantages of this policy are: policy can better match local and regional differences in
the economic-environmental context; one may expect a larger involvement of citizens as
environmental policy can be more in tune with their desires; and it would imply a better
linkage between source and effects in line with the ‘polluter pays’ principle (Bouwer
and Klaver, 1987). Besides a sectoral approach dealing with one particular
environmental theme (like soil protection areas), the integrated regionally-differentiated
approach focuses on the total environmental quality in relation to spatial functions. The
aim is to link up environmental quality with the spatial functions of the region. The
elaboration of regionally differentiated policy is characterized by the integration of
policy plans and the cooperation with target groups, such as the agricultural sector
(Actieplan Gebiedsgericht Milieubeleid, 1990). Spatial information on local and
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regional circumstances is needed to understand the regional problem structure
(identification), in order to develop solutions at the regional, local scales and to select
the best alternatives.

Example: shared responsibility
This concept particularly relates to the local management scale. The raising of

awareness through appropriate information is crucial to achieve a more voluntary
‘internalization’ of human health and environmental effects. Spatial information at
various scales can make decision makers aware of the specific regional problem context
and indicate ways to diminish environmental effects. Related to this issue is the
increased tendency to stimulate target groups, such as the agricultural sector, to change
their behaviour on the basis of targets set in policy plans (e.g. the Multi-Year Crop
Protection Plan (LNV, 1991) sets targets for the reduction of pesticide use). Also more
regional targets are being set, which take into account regional differences in economic
and ecological circumstances. Spatial information is needed to elaborate the concept of
shared responsibility.

2.6.2 Qualitative aspects of the spatial information demand

The characteristics of the spatial information demand will change during the different
management phases (cf. Table 2.1; Adriaanse et al. 1989). Spatial information to
support the recognizing phase will have a highly explorative and ad hoc character. In the
formulating phase more rough, aggregated information (strategic information) will
suffice. Then, in the solving and control phases information will need to be more
detailed as well as accurate, and collected more systematically.



Management phase

Recognizing Formulating Solving Control

Type of decision making Ad-hoc Strategic Tactical Operational

Required results Long-term explorations Scenario studies Evaluation of proposed Checks on exceeding
Risk assessment EIA measures quality standards

 Feasibilities (financial/
technical/organizational)

Required detail ‘Global’ exploration Covering problem Focusing on specific Specific locations 
area areas (monitoring points)

Data sources Qualitative ad hoc Semi-quantitative Quantitative integration of Quantitative minimal
measurements systematic monitoring measurements and calibrated (routine) monitoring

models complemented with
Explorative predictive Problem-oriented sophisticated 
models predictive models calibrated models

Table 2.1: Qualitative aspects of the information demand (Adriaanse et al., 1989) (EIA = Environmental Impact Assessment).
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The spatial resolution of information demand
In general, the level of the spatial detail required will depend on the management

phase as shown in Table 2.1. Strategic information at, for example, the national scale
will be more compact and aggregated than operational information at that scale. Too
much detail in information is unnecessary at the strategic level, while a summary or
classification of these data displayed as a trend or overall pattern will be much more
informative (Muller, 1991). Also, different resolutions of information will be more
appropriate for a certain management phase at different scales. Operational information,
for instance, at the European scale will be more aggregated than this information at the
local scale. Thus, decision makers acting at the different combinations of management
phases and scales will require different resolutions of spatial data in order to make good
judgements, resulting in the pyramidal ‘Egyptian’ view of spatial information (cf. Figure
2.5).

In the light of these different spatial information resolutions, Robinette (1991) refers
to ‘telescoping’ between levels of decision and geography. Figure 2.6 shows this
zooming-in process: at the national or European scales, global information can serve to
monitor and assess problem areas. This information can, for instance, be used to set
objectives and global measures. At local scales more detail in spatial information can
assist managers in the further elaboration of regional-specific solutions.

Figure 2.5: The ‘Egyptian’ view of spatial information demand (after Braat,1991).
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The attribute of spatial information demand
The information attribute depends very much on the environmental problem

concerned. A hierarchy of  information and analysis complexity can be distinguished:
- environmental information about single aspects (e.g. ‘Where are the areas of high

environmental pressure and vulnerable ecosystems?’);
- environmental information related to reference values, in order to be able to

distinguish sustainable from less sustainable situations (‘Where are the areas located
where one or more reference values of a certain substance are exceeded?’); and 

- environmental information integrated with or linked to economic and social-cultural
information.

Figure 2.6: Schematic overview of spatial zooming-in process from the European to
local management scales (0 = no environmental effect, 1 = environmental effect).

Environmental information should reflect environmental conditions or pressure on
the environment. At the first information level, it should cover areas of resources
(renewable, non-renewable), pollution, and the biological diversity or integrity of
ecosystems  (Opschoor and Reynders, 1991). At the second information level, this
information is evaluated by means of reference values. These reference values can be
envisaged as values to assess effects on single organisms and ecosystems or values in
the light of sustainable development (like the EUS – see Section 2.4). Both levels of
information can be further supplemented with information about economic sources and
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activity profiles. This can particularly increase insight in those cases where the distance
between sources and effects is small, as in regionally-differentiated policy. The third
level of information integrates information about the environmental system with
information about the economic and social-cultural systems. The purpose is to be able to
reflect the processes going on in the three systems and to assess developments and
impacts of measures in a more integrated manner.

2.7 Environmental research

Environmental research components
Research is an important supplier of information for environmental management. As

shown in Figure 2.1, research gathers data from the economic and environmental
systems and transforms this data into information that should serve both the different
administrative scales and local management. Zoeteman and Langeweg (1988)
distinguish three types of environmental research areas: basic research, applied
research and research-management interface activities (see Figure 2.7).

Figure 2.7: The main environmental research themes (Zoeteman and Langeweg, 1988). 



31

Basic research covers a spectrum of five themes, such as the setting of global
ecological reference values (or targets), toxicological process analysis to establish dose-
response relationships, environmental process analysis often taking place in a laboratory
environment using small-scale ecological models such as soil columns, the development
of monitoring strategies and advanced analytical techniques. Applied research focusses
on the further quantification of single environmental processes, the integration of these
processes (e.g. integrated environmental modelling) and to an increasing extent also the
regionalization of models. The aim is to make research components more suitable for
management support. Besides the themes shown in Figure 2.7, policy studies are carried
out to support decision making. These studies focus more on the feasibility and effects
of objectives and policy measures.

Both basic and applied environmental research activities result in the development of
two functionality groups: data handling and environmental modelling functionality.
Data handling functionality comprises storage, analysis and presentation functions to
handle the data collected. This data can be reference values, but also data derived from
monitoring networks. Due to the clear spatial dimension of the different elements in the
causality chain (cf. Section 2.2), spatial data handling functionality has become more
relevant nowadays. Measurements from monitoring stations, for instance, are
increasingly being stored in combination with data about their location on the surface.
The spatial data handling research component implies spatial data in combination with
the functions to store, analyse and present this data.

A model can be regarded as a simplified representation of an object of investigation
for purposes of description, explanation, forecasting or planning. Environmental
modelling has a considerable history and development. Applications in the field of
biology, ecology and hydrology date back to the beginning of this century (Fedra, 1993).
With the introduction of computers, simulation models emerged, such as atmospheric
models, hydrological models, land surface and subsurface models, biological and
ecological models, and integrated models (which include combinations of one or more
of the former model groups) (Steyaert, 1993). In addition to environmental models, risk
and hazard models and models in policy making (like environmental quality
management and integrated models for environment-economic assessment) can be
distinguished (Braat and Van Lierop, 1987; Hordijk, 1991; Fedra, 1993). The
development of these latter model types belongs particularly to the second research
activity indicated in Figure 2.7. The environmental modelling research component
implies the combination of data (e.g. model parameters) and environmental modelling
functionality.

The third research area shown in Figure 2.7 is the culmination of all previous
research work done. This research-management interface (for instance, in the form of a
management information system) can provide: 
- problem-specific descriptions of past and present situations;
- instruments to develop alternatives;
- ‘what-if’ modelling instruments to assess their environmental (and economic) effects;

and 
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- the evaluation of these effects.
Decision-support techniques play an important role in this interface. Zachary (1986)

identifies the following six groups of decision-support techniques:
- process models support the prediction of complex processes (in this study

particularly environmental simulation models);
- choice models support the integration of individual criteria across aspects or

alternative choices (for instance, multi-attribute utility models, e.g. Nijkamp et al.
(1990), Janssen (1992));

- information control techniques support the storage, retrieval and organization of data,
information, and knowledge needed for a decision (such as database management
instruments, including selection and aggregation techniques);

- representational aids support the expression and manipulation of a specific
representation of a decision problem (such as graphical displays, user-interfaces); 

- analysis and reasoning aids support the performance of problem-specific reasoning
processes based on a certain (expert) representation of a decision problem (such as
mathematical programming, information processing algorithms, sensitivity analysis);

- judgment refinement/amplification techniques support the quantification of heuristic
judgment processes which may be prone to bias.

Obviously there is overlap with the spatial data handling and modelling functionality
already mentioned. Zachary’s process model group is similar to the environmental
simulation models discussed before. To some extent the representation aids and
particularly the information control techniques show overlap with the spatial data
handling functionality. The decision-support functionality group in this study consists of
choice models, representation aids and analysis and reasoning aids. An example will be
given of the choice models. As shown in Figure 2.7 the identification of reference
values is an important research activity. Reference values can range from eco-
toxicological thresholds to assess effects on single organisms in a particular
environmental compartment to ecological reference values and ultimately thresholds for
the identification of (un)sustainable situations. A simple choice model can be used to
compare pollution levels in the different environmental compartments with these
reference values identified. The decision-support research component in this example
consists of choice functionality, spatial data about pollution levels and data about
reference values.

Research components and the management phases 
In the remainder of this study we will distinguish the following three research

components: spatial data handling functionality, environmental modelling functionality
and decision-support functionality in combination with data. To what extent are the
different components needed to support the four management phases? Table 2.2 shows
for each management phase the main research components required. Further, the main
research activities required to generate these research components are identified. The
table will be described briefly below.



Management phase

Recognizing Formulating Solving Control

Environmental management

Problem Unstructured Towards more structure ....................................>
characteristic Qualitative ...........................................> Quantitative 

Research Spatial data handling Spatial data handling Spatial data handling Spatial data handling
components Decision support Modelling Modelling Decision support
required Decision  support Decision  support

Research (development and use of components)

Decision-support Choice Analysis Analysis Choice
functionality Representation Choice Choice Representation

Representation Representation

Environmental Rough analysis Towards development of more detailed 
modelling functionality and reliable (spatial) models .................................>

Spatial data handling From rough spatial description towards more detail, reliability 
functionality and more systematic monitoring ............................................................>

Table 2.2: The main problem characteristics and research components, together with the underlying research activities needed to support
the different management phases with regional information.
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The recognizing phase is characterized by ad hoc activities. The problem context is
unstructured. Data from various sources can raise awareness about an environmental
problem. At the management level, the modelling and decision-support research
components will play only a minor role. From this phase onwards the identification of
reference values becomes increasingly necessary to assess effects. In the formulating
phase the problem needs to become more structured in order to identify objectives and
global measures. Spatial data to support this phase needs more structure, although the
information can still be rough and global. Rough models can further assist this phase in
assessing the effects of various objectives. Also scenario studies become highly relevant
to scan possible future developments. Decision-support techniques are particularly
relevant for structuring the problem context (representation), and also for offering
instruments to cope with qualitative aspects. In the solution phase, the development of
spatial databases becomes relevant to regionalize assessment models in the selection
procedure. Decision support remains very important, although the emphasis will be
more on the selection of alternatives, as the structure of the problem context becomes
more clear. In this phase, the evaluation of alternatives takes place on the basis of
multiple criteria, such as environmental, economic and social effects (choice
techniques). In the control phase, spatial data is collected and analysed to evaluate
policy measures in order to judge whether additional measures are necessary. Spatial
data handling functionality in combination with decision-support techniques
(representation and choice) will be most relevant.

Environmental research is making increased use of the spatial data handling
functionality of GIS to develop spatial databases and to regionally parameterize models.
GIS can also play an important role in decision support: for instance, the cartographic
display of spatial phenomena. The following chapter will elaborate on the role of GIS in
supporting the development of the three research components identified.

2.8 Conclusions

The incorporation of the spatial dimension of environmental phenomena in research
can help to reveal part of the complexity of environmental problems. More insight is
gained into the regional differentiation of sources of pollution and regional
differentiation of environmental load and effects. Environmental management is making
more use of this information, as it supports the identification, development and selection
of actions at the right place and at the right scale. Concepts like ‘shared responsibility’,
that give more responsibility to actors at the regional and local management scales,
make such a spatial approach even more relevant. In addition, integration with other
fields is becoming important to tackle environmental problems in a wider context (cf.
Figure 2.1): for instance, the integration of environmental economic relationships in the
context of sustainability, but also the integration of environmental and spatial planning
fields (as in regionally-differentiated policy). Related to this is the increased attention
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being paid to the development of reference values supporting the safeguarding of
ecological quality and sustainable conditions. These developments create enormous
demands for a constant supply of high quality information to support management, from
local to European scales.

This chapter has explored the environmental management characteristics: the
management phases, the decision processes within these phases, and the different
management scales. As explained, the decision process characteristics of the
management phases differ, resulting in different information demands and thus research
activity demands, which are reflected in the varying importance of the spatial data
handling, modelling and decision support functionality components in the different
management phases. Research develops these components. In this chapter a distinction
has been made between three research fields reflecting the process from basic research
to integrated information serving environmental management. 

In environmental research GIS is becoming a central instrument to handle spatial
data. The next chapter will examine the role GIS plays in offering particularly spatial
data handling functionality to research and management, and also modelling and
decision-support functionality. Chapter 4 will further address the accessibility of
research components for management.
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CHAPTER 3

From Geographic Information Systems
to Geographic Information Technology

3.1 Definitions of and perspectives on GIS

The representation of geographical phenomena, structures and processes in the
computer has led to the development and use of GIS. There are a large number of
definitions of GIS. This diversity in points of view can be demonstrated by a brief
selection. An often-quoted definition of GIS is from Burrough (1986), who states: “GIS
is a powerful set of tools for collecting, storing, retrieving at will, transforming and
displaying spatial data from the real world”. Here, GIS is seen as a toolbox consisting of
a wide variety of functionality to handle spatial data. The decision-supporting character
of GIS is emphasized by Cowen (1988): “a Decision Support System involving the
integration of spatially referenced data in a problem-solving environment”. Another
group of definitions can be identified, which regard GIS not only from a technical
perspective, but position it in a much broader institutional context. Dueker and Kjerne
(1989, in: Nyerges, 1993), for instance, describe GIS as “a system of hardware,
software, data, people, organizations, and institutional arrangements for collecting,
storing, analysing and disseminating information about areas of the Earth”. In the same
perspective, Scholten (1991) stresses even more that GIS is about ‘the whole of
activities and means to provide users with the geographic information needed to carry
out tasks and to take decisions in the context of spatial problems’. A chronological order
can be envisaged in these definitions. As observed in Chapter 1, GIS is currently
maturing from inventory and analysis applications towards management applications.
Cowen’s definition particularly focuses on these latter type of applications. Due to the
fact that GIS activities are increasing rapidly in a variety of research and decision-
making user communities, and because of the need for communication within and
between these communities, the embedding of GIS in wider IT environments is a central
issue nowadays. This especially relates to the last, more institutional-oriented group of
GIS definitions given above.

It is not the intention to give a complete overview of GIS, but to address the main
elements relevant in the context of environmental management. GIS will be described
not only in its strictest sense (as a software package), but also in a broader institutional
context as described above. To produce this overview, four perspectives will be
discussed:
- a functional perspective, concerning the general functionality of GIS to support

spatial data handling (Section 3.2);
- an integrative perspective, concerning the integration of the spatial data handling



38

functionality of GIS with the modelling and decision-support functionality (Section
3.3);

- an institutional perspective, concerning the organizational aspects of implementing
GIS in an organization, with the emphasis on the provision of spatial data and
information (Section 3.4); and

- a future perspective, concerning the further development of GIS towards a Geo-
graphic Information Technology (GIT) (Section 3.5).

In Section 3.6 the value of GIS in environmental management will be addressed in
relation to the spatial information needs and the required research components, as
described in Chapter 2. Finally, in Section 3.7 some conclusions will be drawn.

3.2 A functional perspective on GIS

It is not easy to give a comprehensive overview of GIS functionality, due to its
heterogeneous nature. In all definitions it is, however, recognized that GIS may be
considered to perform four basic functions with respect to spatial data (Burrough, 1986;
Anselin and Getis, 1992): data input, data storage, data analysis and output. Anselin and
Getis (1992) position these functions in a conceptual scheme (Figure 3.1). The
functions, which will be described in turn below, follow the process from the
representation of geographical reality in (raw) spatial data to the transformation of this
data into information for the end-user. In the scheme of Anselin and Getis the evaluation
component is added as it is a relevant component to further transform data into
(strategic) information for management.

Data input
The representation of space in a data model is a complex issue. First of all this is due

to the many spatial, thematic and temporal dimensions of elements and interactions
between these elements. Environmental space in particular is characterized by two and
three dimensional dynamic processes (like air and water systems). Further, the process
of representation is context specific and highly dependent on the user of the information.
These are also the reasons why there is virtually no theory or methodology for a uniform
representation of space (Peuquet, 1988; 1990). The input function can be divided into
three phases: the conceptualization of space, the development of the spatial data model
and the measurement of spatial objects (Figure 3.1).

In the first input phase concepts of space are used by humans to organize and
structure their perception of reality. Space can, for instance, be perceived as a set of an
infinite number of dimensionless points which form a continuum, where each point is
characterized by a coordinate value and a vector of attributes. Goodchild (1990) refers to
this as ‘geographic reality’. Other ways of perceiving space are as thematic layers, as
Euclidean geometry, as a specific set of areas, or as graphs like those often used in
transportation problems (Frank, 1990).

The concepts used are often based on notions which cannot be directly implemented
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in a computer system. In order to analyse the real world’s features it is necessary to
reduce its infinite complexity and continuous variation to discrete, observable, and
measurable units. Spatial data modelling, the second input phase, is the process of
discretization, that converts complex geographic reality into a finite number of database
records or ‘objects’ (Goodchild, 1993). Here, objects (points, lines or areas) provide two
types of information: information on the specific locational position in space, referred to
as positional or topological data, and data describing non-spatial attributes of the objects
recorded, known as attribute or thematic data. 

Figure 3.1: Functions of GIS (after Anselin and Getis, 1992).
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With respect to the moment of discretization of spatial data, Goodchild (1993)
distinguishes between the situation where discretization will be part of the modelling
process, usually the case with data representing continuous functions in space (e.g.
climatological circumstances), and a priori discretization (e.g. municipal boundaries and
forests which already are discretized). Data models representing the first type of
discretization are referred to as field models. Field models represent the spatial variation
of a single variable using a collection of discrete objects. Six field models can be distin-
guished: irregular point sampling, regular point sampling (Digital Elevation Model;
DEM), contours, polygons (where the area is partitioned, e.g. the soil map), grid cells
(resulting from sources like remote sensing) and the triangular net (e.g. the Triangular
Irregular Network (TIN) used to represent surfaces). Data models representing the
second type of discretization are referred to as object models. Object models consist of
points, lines or areas. They are commonly used to represent man-made facilities (e.g.
roads) or divisions (administrative boundaries). In relation to attribute data the object
model has a more distinct relation with its attributes (for instance, a city with the
attribute ‘population’) in contrast to the field model.

The measurement of spatial objects and their attributes, according to the data model
developed is the third step in the data inputting phase (cf. Figure 3.1). One of the main
activities is data capture. With respect to geographical data capture, one can distinguish
between primary data collection, referring to data directly obtained from the real world
through remote sensing, Global Positioning Systems (GPS) and field surveying
(Burrough, 1986), and secondary data collection, which is obtained from map sources.
Primary data collection is employed in areas which have yet to be mapped. Remote
sensing in this respect is an increasingly important source of spatial data for
environmental research, particularly for projects on larger scales. In contrast to the use
of existing maps, they record the Earth’s surface without any interpretive bias. Digital
spatial data obtained from map sources (secondary data collection) are already shaped
by the data model and thus carry with them characteristics related to the scale and
projection of the source map.

Data storage
A second important function of GIS is the structuring of spatial data. This task to

some extent overlaps with non-spatial information systems. The essential difference is
the integration of spatial information with non-spatial information in a database
(Sheperd, 1991). Spatial data structures are used to implement spatial models through
the recording of spatial phenomena. They are, among others things, concerned with
computer performance and storage utilization (Frank, 1990). The major subdivision of
geographical structures is into tessellation, vector and hybrid (an integration of
tessellation and vector) types (Maguire and Dangermond, 1991). The tessellation type
can be further divided into regular (grids or bitmaps) and irregular structures (TIN).
Vector structures can be divided into unstructured (for drawing simple maps) and
topological (more suited for analysis like network analysis or neighbourhood analysis).
For some of the data models mentioned above there is a direct relation with the data
structure. The data models of regular point sampling and grid cells will usually have a
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tessellation data structure, while irregular point sampling, contours and polygons will be
of the vector type. 

Continuous environmental features are often represented as grids, since every
location in a given study area can be represented by a value in the grid cell. The
advantages of such a structure are its simplicity, ease of image display and processing,
ease of data aggregation and data overlay, and its uniform cell size and shape for
multidimensional spatial analysis and spatial simulation modelling (Burrough, 1986).
Limitations of the grid structure are mainly due to errors resulting from the conversion
of data from points, lines and areas to grids. The gridding of points or lines will lead to a
loss of information; gridding of uniform polygons will lead to some misclassification or
the loss of topological information (like the shape of natural features).

Spatial data analysis 
Spatial analysis is another key-element of GIS. Anselin and Getis (1992) identify four

analytical function groups in their conceptual GIS model: selection, manipulation,
exploration and confirmation (cf. Figure 3.1).

Selection involves the query or extraction of data from the database. Selection can be
applied to the locational data (What is the value of an attribute at a certain location?) or
to the attribute data (Where is a particular attribute value located?). Selection also
involves the choice of a proper scale of analysis. Manipulation entails transformation
(by restructuring, e.g. from the raster to vector data structure, or by changing
projections), partitioning, generalization, overlay and interpolation procedures. As
original data tends to be too detailed and complex, data generalization (aggregation,
classification) is often needed for display and communication purposes. Besides,
generalization can serve economic, data robustness and multi-purpose requirements
(Muller, 1991). Multi-purpose requirements relate to the demand for information at
different scales to serve different users for different types of analysis. This is especially
relevant in environmental research as many natural systems show a hierarchical
organization, with nested patterns and processes occurring over a wide range of
characteristic spatial and temporal scales (Michener et al., 1994). Selection and
manipulation procedures combined can be powerful analysis tools. For instance, the
integration of spatial features in two or more maps by means of the overlay technique
can then be followed by a query or spatial search, such as buffering where attribute
values at a certain location or within a certain area can be traced. Several structures and
classifications of selection and manipulation operations have been made (Burrough,
1992; Laurini and Thompson, 1992). 

Data exploration encompasses those methods which try to obtain insight into trends,
spatial outliers, patterns and associations in data without having a pre-conceived
theoretical notion about which relations are to be expected (Tukey, 1977; Anselin and
Getis, 1992). This ‘data-driven’ approach is considered as very promising, due to the
fact that theory is in general poor, while spatial data availability is increasing rapidly
(Openshaw, 1991; Anselin and Getis, 1992; Workshop on Exploratory Spatial Data
Analysis, Vrije Universiteit Amsterdam, 9-11 September 1992). In confirmative
analysis, a priori hypotheses of spatial relations to be expected are formulated in
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theories, models or statistical relations. Confirmative spatial methods and techniques
originate from different disciplines, like operational research (optimization techniques,
such as linear programming, network analysis, location-allocation models), social
geography (interaction models), economics (micro-economic models, regional input-
output models, spatial econometrics) and the environmental sciences. An extensive
overview of spatial data analysis with GIS is given by Fischer et al. (forthcoming),
which offers insight into the use of spatial data analysis within many disciplines. An
overview of the potency of spatial data analysis in the public health field is given by
Douven and Scholten (1995).

The four analytical functions described can be seen as a logical sequence of analysing
spatial data. The further integration and interpretation of maps derived from spatial
analysis is an important next step to support decision making; here it is referred to as
evaluation. Techniques to support this step are gaining attention nowadays (e.g. Janssen
and Rietveld, 1990; Eastman et al. 1993; Jankowski, 1995, Geertman, 1996). Several
studies demonstrate the value of integrating multi-objective decision-making techniques
with GIS. Examples are the weighing and integration of maps by applying, for instance,
weighed summation techniques (Eastman et al. 1993) or, by means of value functions
(Beinat, 1995). Another group of techniques focusses on the interpretation of map
patterns, which is often considered as real spatial evaluation. It is an area of research
which is hardly explored in the context of decision support. Van Herwijnen and Janssen
(1996) describe the application of a set of spatial evaluation techniques to compare risk
patterns in two maps.

Output
The final stage in any GIS project is the presentation of the results, which has close

linkages with cartographical techniques (Ormelink and Kraak, 1990). As an end-product
it should support decision making by means of a clear and easily interpretable
presentation (Monmonier, 1991; Rejeski, 1993; Kraak et al., 1995). In this respect
Kraak et al. (1995) refer to visual decision support. One of the elements to assist such
decision support is, for instance, the display of general patterns and trends, instead of
representing the real world accurately (Muller, 1991). Two types of visualization can be
envisaged: visualization as a product and visualization as a query. The first type presents
rather static results as a map, eventually combined with tables. The second type is more
dynamic and allows the user to have access to the data and results in a more interactive
process. This type of presentation is particularly relevant to support environmental
management, as will be shown in Section 3.3.2. The latter type of visualization is also
an important component in explorative spatial analysis, for instance, by the use of
interactive graphics (Haslett et al., 1990). Besides being an information medium,
visualization is also an optimal way to support communication between researchers and
decision makers, and between decision makers and the public (Rejeski, 1993).

Map display is often the end-result of the process of transforming spatial data from
(raw) data to information, as shown in Figure 3.1 and described in the previous sub-
sections. The process of abstraction, generalization and approximation inevitably
introduces uncertainty (Goodchild and Bopal, 1989). These uncertainties might be



43

accumulated or propagated (Burrough, 1986). Therefore, a considerable amount of care
should be given to the cartographic presentations of these uncertainties (Monmonier,
1991; Kraak et al., 1995; Pebesma, 1996) to provide decision makers with correct maps
and to avoid the misuse of information.

3.3 An integrative perspective on GIS

GIS can also be described in the light of its systems architecture. It can be viewed as
consisting of four subsystems: input/capture, management, manipulation/analysis and
output/display (Clarke, 1986 in: Nyerges, 1993). There is a strong relation to the
division and description of the functional perspective in the previous section. The
input/capture subsystem serves to measure and capture spatial data, the management
subsystem to structure and retrieve data, the manipulation/analysis subsystem to
transform and analyse data and the output/display subsystem to visualize and convey the
data in various media. Due to the quite well-developed functionality in its input/capture
and management subsystems, GIS is often seen simply as a spatial data management
system. GIS packages in general, however, offer quite a range of functionality to handle
spatial data, with respect not only to data management but also to the other function
groups (see GIS World inquiry; GIS World, 1995). 

The scientific user community has always been aware of the shortcomings of GIS to
fill specific needs. In particular the lack of functionality in the analytical group (e.g.
explorative and confirmative spatial analytical functions) has been the topic of much
debate (amongst others, Openshaw, 1990a; Goodchild et al., 1992; Fischer and
Nijkamp, 1993; Fischer et al. fortcoming). These academic discussions are important for
the development of analytical GIS (Ottens, 1993). The introduction of spatial
autocorrelation measures in Arc/Info (ESRI, Redlands USA), and the relatively far-
reaching analytical (including evaluation) techniques included in the IDRISI software
(Clark University, Worcester USA), are examples of interactions between the research
community and GIS developers. Similar discussions also take place regarding other
function groups. There is a strong call in environmental research for the development of
functionality to construct multi-scale spatial data models, defined as spatial data
handling systems that can provide views of data at multiple scales (Michener et al.,
1994; Jelinski et al., 1994). Shortcomings are also noticed in the provision of techniques
to estimate errors (Burrough, 1992), in the provision of different types of evaluation
techniques (e.g. Eastman et al., 1993), and in the provision of generalization techniques
(Muller, 1991). There are several reasons for this missing functionality. With respect to
confirmatory analysis, particularly in the economic field, Anselin and Getis (1992) point
out that implementation is constrained by the unsatisfactory state-of-the-art of current
methods and techniques. This is also the case for a number of other methods and
techniques which are still in the research development phase. For several reasons GIS
software developers, in general, are somewhat reluctant to implement these types of
techniques. A number of these techniques are not easy to apply or can easily lead to
misuse, e.g. techniques in the context of spatial analysis, evaluation and spatial data and
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model uncertainty. The implementation of such techniques would require a considerable
degree of user-support. Besides, the number of users requiring these techniques will in
general be rather small.

The research community especially has sought ways to enhance the spatial data
handling functionality of GIS or use this functionality (in particular its spatial database
management and visualization functionality) to link it to its own specific functionality
groups. Hence, a coupling of various functionality groups has been emerging in various
forms. The perspective on GIS given in the introduction of this section is thus rather
narrow. GIS can also be depicted in a more broad sense taking into account these
scientific developments that partly overcome the shortcomings noticed above. Many
examples can be given, such as, in the field of spatial analysis, the development of
spatial analysis tools and efforts to link these to GIS (Openshaw et al., 1987; Anselin
and Getis, 1992), the linking of dynamic economic models to GIS (Despotakis, 1991),
the linking of spatial evaluation methods to GIS (Jankowski, 1995; Van Herwijnen and
Janssen, 1996). Also the environmental field is taking more advantage of GIS
functionality (Goodchild et al., 1993). The remainder of this section (3.3) will focus on
different examples of integration of functionality serving, respectively, the research and
management level. The integration of environmental modelling and GIS will be the
subject of the following section. The integration of (spatial) data handling, modelling
and decision-support functionality to support management will be dealt with in Section
3.3.2.

3.3.1 Environmental modelling and GIS

In the past, most environmental models were characterized by a classic, lumped,
approach, hardly taking into account the spatial distribution of parameters. The
introduction of GIS made it possible to move towards a spatially-distributed parameter
approach, which is now increasingly used (see Goodchild et al., 1993; Fedra, 1993; and
Steyaert and Goodchild, 1994). Jelinski et al. (1994), for instance, see GIS in this
perspective “as an effective vehicle for collecting, manipulating and pre-processing data
for models, for integrating data from disparate sources with potentially different data
models, spatial and temporal resolutions and definitions, for monitoring environmental
characteristics and change at a range of scales, and for visual presentation of modelling
results in a policy-supportive, decision making environment”. Parks (1993) and Fedra
(1993) discuss the benefits of such a merging of the environmental modelling field and
the GIS field. Parks (1993) stresses the current lack of predictive and related analytical
capabilities in GIS which are necessary to examine complex problems. On the other
hand, environmental modelling tools lack sufficiently flexible GIS-like spatial analytical
components and are often inaccessible to potential users. Environmental modelling will
benefit from the data management and integration capabilities of GIS. In addition, the
visual analysis capabilities offered by GIS could make models more accessible to
various groups of users. The enormous increase in environmental databases covering a
wide range of features has given further impetus to the linkage of spatial databases to
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environmental models. Such linkage offers possibilities not only for spatial distribution,
but also for various dimensionalities and resolutions. With respect to this, a new
challenge is multi-scale data modelling to capture the hierarchical scales of
environmental processes (see Stafford et al., 1994). Here, GIS tools may serve for
flexible scaling, creating variable grid cell resolutions, and aggregating and integrating
spatial data. At the same time, it is necessary to preserve information across a range of
scales and quantify the loss of information with diminishing scales (Jelinski et al.,
1994).

Fotheringham (1993) gives several advantages of an integrated approach in model
development and GIS. First, such an integrated approach gives broader public access to
complex models (see also Parks above). Second, an integration can lead to new insights,
due to the interactive access to models which opens up possibilities for explorative
analysis, etc. Third, it can lead to re-exploration of the fundamental problems of spatial
data analysis. The first advantage is an important motive for the development of Spatial
Decision Support Systems (SDSS), which will be further elaborated in the following
section.

3.3.2 Spatial Decision Support Systems

Decision problems can be classified according to the extent of their transparency and
structure. These characteristics are indicators of the complexity of the problem. Gorry
and Morton (1971) distinguish between well-structured, semi-structured and ill-
structured problems. Decision Support Systems (DSS) were developed as a response to
the perceived shortcomings of Management Information Systems (MIS) in the early
1970s. They particularly aim at the structuring and supporting of less-structured decision
problems. Gorry and Scott Morton (1971) were the first to introduce the term DSS,
leading to a multitude of perspectives on and definitions of DSS (Clarke and Finlay,
1989; Bidgoli, 1989; Turban, 1995). Geoffrion (1983 in: Densham, 1991) identifies a
DSS as a system having six characteristics:
- they are explicitly designed to solve ill-structured problems where the objectives of

the decision maker and the problem cannot be fully or precisely defined;
- they have a user-interface which is both powerful and easy to use;
- such systems enable the user to combine analytical models and data in a flexible

manner;
- they help the user explore the solution space by using the models in the system to

generate a series of feasible alternatives;
- they support a variety of decision-making styles and are easily adapted to provide

new capabilities as the needs of the user evolve; and
- such systems allow problem solving to be both interactive and recursive – a process

in which decision making proceeds by multiple paths, perhaps involving different
routes, rather than a single linear path.

These DSS characteristics intend to support the specific characteristics of the
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(environmental) decision process identified in Section 2.5. They emphasize two aspects:
the need for decision-support techniques and the integration of these techniques with
other research components, such as spatial data handling and environmental modelling
functionality (cf. Section 3.3.1), in easily accessible information systems.

If problems are less-structured, decision makers will need to be provided with a
decision-making environment more directed towards decision research than a narrowly
defined decision-making process (Densham, 1991). This approach enables the decision
maker to explore the problem in order to increase the level of understanding, and to
generate and evaluate alternative solutions in order to gain insight into the trade-offs
between conflicting objectives. The search may result in an acceptable solution, or the
revealed characteristics of the problem structure may lead to a refined new search.
Decision-support techniques support decision makers in solving less-structured
problems. Techniques in this context are choice models, representation aids, and
analysis and reasoning aids (cf. Sections 2.7; Zachary, 1986). 

The second aspect the integration of research components concerns the integration of
this decision-support functionality with other research components, like spatial data
handling and modelling functionality. The solution of environmental problems requires
the expertise of many disciplines, including risk analysis, policy analysis, eco-
toxicology, simulation modelling, spatial data analysis, decision analysis. With respect
to decisions in the field of sustainable development, for instance, various information
sources on population growth, natural resources, infrastructure, poverty, pollution and
so forth need to be considered, and alternative solutions developed and evaluated
through assessment models. The integration of these different research components in
structured computer environments makes them accessible to less-experienced
environmental decision makers. An important aspect, which is actually part of the
decision support techniques (cf. Section 2.7) but also plays an important role in the
integration of components, is the user-interface. The access to a variety of research
components for environmental management requires the development of, from the
user’s point of view, ‘simple’ computer environments (‘small and beautiful’) that make
research components directly available through logically structured user-interfaces. The
user interacts with the underlying components of the system through this user-interface
in a simple straightforward way. It should represent the problem, as well as the decision-
making processes these research components are designed to support (Fedra, 1993).

The fact that many complex problems have a spatial dimension has led in the past
decade to the merging of GIS functionality and DSS, a powerful combination also
referred to as Spatial Decision Support Systems (SDSS) (see Armstrong et al., 1986;
Densham, 1991; Cowen and Ehler, 1994). SDSS “provide the user with a decision-
making environment that enables the analysis of geographical information to be carried
out in a flexible manner” (Densham, 1991). Such SDSS would require additional
characteristics compared with Geoffrion’s definition of DSS (Densham, 1991):
- they provide mechanisms for the input of spatial data;
- they allow representation of the complex spatial relations and structures that are

common in spatial data;
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- they include analytical techniques that are unique to both spatial and geographical
analysis (including statistics); and

- they provide output in a variety of spatial forms including maps and other, more
specialized types of graphical information. 

The characteristics of DSS and SDSS described above make demands on the
conceptual design and implementation of these systems. A system’s architecture
describes the different system components in relation to each other. A type of DSS
architecture often mentioned in the literature is that proposed by Sprague (1980).
Armstrong et al. (1986) further redefined this architecture for application to spatial
decision making (see Figure 3.2). The system consists of five integrated software
modules: a database management system, a model base management system, graphical
and tabular reports generators and a user-interface. The decision maker interacts with
these modules, and in this manner gets support in the development and selection of
alternatives.

DSS are often used in a similar context as expert systems or knowledge systems
(Bidgoli, 1989). Expert systems incorporate guidelines or experience from experts to
offer solutions or advice at a level similar to that of the experts (Lucas and Van der
Gaag, 1988). According to Densham and Goodchild (1989), an SDSS “should
incorporate knowledge used by expert analysts to guide the formulation of the problem,
the articulation of the desired characteristics of the solution and the design and
execution of a solution process”. The research components used in this study (spatial
data, modelling and decision-support functionality) consist of different degrees of
expertise. It is particularly the integration of these components in information systems,
and their access by means of the user-interface which is relevant in the transfer of
expertise to the end-user. See further Smith and Yiang (1991) and Cowen and Ehler
(1994) for more information on expert systems in relation to spatial problems and GIS.

In spite of ample discussions in the literature on the integration of DSS and GIS, not
very many SDSS environments have actually been developed. See for some examples:
Reitsma (1990), Fedra (1993), Douven et al. (1993a), Engel et al. (1993), Grothe et al.
(1996).
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Figure 3.2: A proposed architecture for an SDSS (after Armstrong et al., 1986).

3.4 The organizational perspective

3.4.1 The GIS-house concept

To implement and use GIS in an organization, the software and its functionality
cannot be considered without involving other aspects related to the use of GIS: for
instance, the existence of different users’ demands and organizational and financial
aspects. This places GIS in a third perspective, the institutional perspective, which
relates to Scholten’s (1991) definition of GIS (Section 3.1). Kok and Scholten (1993)
describe the concept of the ‘GIS-house’ to further elaborate this institutional perspective
(Figure 3.3). The GIS-house consists of four components: the foundation represented by
the geometrical data (fundamental data sets that play a part in a very large number of
applications, for instance the GBKN, the large-scale base map of the Netherlands); the
building blocks which consist of different attribute data sets (often more user-specific
thematic data sets dealing with themes, such as the environment, water management,
utilities, transport); and the roof consisting of spatial information for different end-users.
The data transformation processes such as the modelling of environmental processes are
the cement needed to support the process of transforming spatial data to the spatial
information required by the different end-users. The GIS-house is a concept for
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information supply. To facilitate this supply a number of arrangements need to be made
concerning different organizational issues, technical issues (like hardware and software,
network infrastructure) and financial issues. In addition, agreements on spatial data
standards (GIS software standards, official standards, translators) and spatial data
documentation and search mechanisms need to be discussed. As seen in Section 3.3.2, a
management application such as SDSS will require other agreements (for instance, with
respect to which hardware and software to use) than those associated with applications
used at the research level which work with GIS and environmental models (Section
3.3.1). The focus in the following section will be on one specific aspect of the GIS-
house; the access to the (fundamental) spatial data sets for different users that will
enable them to generate the information they require. 

Figure 3.3: The GIS-house (Kok and Scholten, 1993).

3.4.2 Making data accessible: spatial data sharing

As seen in Chapter 1, creating a spatial data inventory is the main activity during the
first stage in the GIS lifecycle, and such activities remain indispensable to support the
analytical and decision-making phases. The number of spatial databases is increasing
rapidly. Spatial databases contain data sources resulting from surveys and remote
sensing programmes, as well as spatial data sets derived from spatial analysis and
modelling activities. At many spatial levels, agencies are being created which are
entrusted with the responsibility to collect and maintain spatial databases. With respect
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to remote sensing, for instance, a number of space agencies are active in the field of
capturing spatial data. Well-known remote sensing sources include Landsat TM
(Thematic Mapper), Landsat MSS (Multi-Spectral Scanner), NOAA AVHRR
(Advanced Very High Resolution Radiometer) and SPOT HRV (High Resolution
Visible Range Instruments) (Kemp, 1993). Data from surveys and remote sensing
sources often contain single themes, like soil maps, land use maps or climatological
maps. In the last decade many attempts have been made to integrate a number of single
theme environmental databases into more comprehensive databases to support research
and decision-making activities. An example is the CORINE project. This project aimed
at the development of a multi-source European environmental database. In addition to
the integration of different sources, the integration of different national environmental
data has been a main objective (Mounsey, 1991). Similar activities are also going on at
the global scale. Clark et al. (1991) address the relevance of such multi-source multi-
national databases to support the Global Change programmes (see also Goodchild et al.,
1993; Michener et al., 1994).

Organizations often have heterogeneous databases, differing in capabilities and data
structure. The integration of data formats from these different systems can be a time-
consuming process. The CORINE programme demonstrated the need for appropriate
spatial data exchange formats and translators to improve data integration. Further, the
project demonstrated the need for meta-data to obtain insight into the differences of the
spatial data sets, with respect to measurement and classification methods. These have
been a major obstacle in the integration process, and as a result a great deal of effort had
to be put into the harmonization of spatial data formats and classification schemes (VI
Matrix, 1994; Mounsey, 1991). Meta-data informs about data – the way it can be
discovered, transferred, managed and used (Medyckyj-Scott et al., 1996). Documenting
spatial data with meta-data is becoming increasingly important to keep spatial data sets
accessible and usable as the number of both data sets and users increases. A central
meta-data theme is information about the quality of spatial data and information (Kraak
et al., 1995). It should be possible for the users of any spatial data set to avoid misuse of
spatial data in analysis and decision-making applications.

IT developments towards more distributed computer environments, in the last
decade, makes agreements on spatial data sharing even more important. In the 1980s it
became possible to distinguish between user-specific spatial data layers stored locally
and more fundamental spatial data sets stored at a central location. Such an organization
of spatial data can avoid inconsistencies and inefficient multiple storage of the same
fundamental spatial data sets. This is very welcome, as the costs, in time and effort, of
collecting, managing and maintaining these data sets are considerable. Spatial data
handling will take further advantage of the dramatic growth in communication
technology, particularly worldwide computer networks like the Internet. This will put
specific requirements on spatial data sharing. With respect to meta-data not only are
issues regarding source, classification or quality of data crucial, but also information
concerning ‘where to find data’ and ‘what data is available’ are becoming essential to
make full use of technological developments like the Internet, as well as to keep the
large volume of distributed spatial data sets accessible, and to support the exchange of
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these spatial data layers within and between organizations.

Data sharing initiatives
Not only poor exchange standards and lack of  information on, say, data quality, but

also cultural differences between countries and the unwillingness of organizations to
exchange data (Medyckyi-Scott et al., 1996) are reasons why spatial data sharing is still
often hampered. In recent years at the organizational, national and international scales
the need has emerged for a more integral approach to spatial data sharing. Such an
approach would facilitate the accessibility of spatial data and information developed and
maintained by different actors in different computer environments, different
organizations and different countries. This need has resulted in quite a number of
initiatives, for instance the implementation of Spatial Data Infrastructures (SDI). The
RAVI (1995) defines such an SDI as a: a collection of policy, data sets, agreements,
standards, technology (hardware, software and electronic communication) and
knowledge providing the different users with the geographic information needed to
carry out a specific task.  A SDI very much relates to the GIS-house concept, as shown
in Figure 3.3. Communication within organizations is important, and to an increasing
extent also communication between organizations to support research and decision-
making activities at a variety of scales (‘the GIS-house is connected to a street’). Related
to the GIS-house, two components are added in this definition: policy and knowledge.
Policy deals with the objectives and means (financial, technical) to arrive at a good
infrastructure, but also embraces national mapping policies which regulate spatial data
supply (Rhind, 1992). Knowledge can be looked at from a narrow perspective only
focussing on the contribution of the academic community in further developing ideas
and concepts with respect to the more technical aspects of the spatial data infrastructure.
It can, however, be viewed in a much wider perspective involving all aspects in the
provision of spatial information to meet the demands of a diverse user group.

Within organizations there are a growing number of activities designed to improve
the discovery and sharing of spatial data sets. In the Netherlands, for instance, the
National Institute for Public Health and Environmental Protection is already in an
advanced stage of implementing an SDI (Thewessen and Van der Velde, 1995), and a
similar project is underway at the Ministry of Transport, Public Works and Water
Management in the Netherlands (Kuggeleijn and Padding, 1995). Several more large-
scale initiatives are unfolding to support the development of infrastructures to improve
communication between users in different organizations. As mentioned, the National
Spatial Data Infrastructure (NSDI; Tosta, 1995) has been established in the United
States. Such activities are also in progress in Europe (EUROGI; GI2000) and in the
different European Union Member States (Kok, 1995). These initiatives are further
supported by the development of Clearing Houses (Tosta, 1995), which can be regarded
as a meta-information system designed to enable access to all types of spatial data sets
through the Internet, whether generated by government, private companies or academic
institutes. IDEFIX (Computable, 1996) is a pilot project of such an Internet spatial
database in the Netherlands.

The developments described in this section actually position GIS in a much wider
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perspective than that described in Sections 3.2 and 3.3. GIS is moving towards
Geographic Information Technology. It can no longer be regarded as a stand-alone
information system, as GIS will need to seek further integration with other IT
components, such as different hard- and software components and to an increasing
extent networks, to fully support the wide variety of user needs.

3.5 Future perspective: towards the interoperability of th e
spatial

data handling functionality

With respect to the future perspective, this section is confined to one particular future
development, though this does not imply that it is the only one. This development is
significant in the context of the further enhancement of the communication between
different computer environments and will further push the move from GIS towards GIT.

Section 3.3 discussed the shortcomings of GIS software, as well as efforts in the
academic world to tackle them and make use of GIS through different types of
integration. Various logical ways of coupling GIS and environmental models are
discussed in the literature (Burrough, 1986; Nyerges, 1993; Fedra, 1993). A division can
be made between: loose coupling, close coupling and full integration. In loose coupling
an interdependent spatial data analysis module relies on GIS for its input data, and for
such functions as graphic display, via import and export data in a common format. It is
still the most common of the three ways of coupling as it requires only minor
adjustments in input and output data formats to enable data transfer. It is, however, a
time-consuming process, prone to errors. Close coupling provides a common user-
interface for both systems, which also takes care of the data sharing between them. Fully
integrated systems (Fedra, 1993; Nijkamp and Scholten, 1993), also referred to as
embedded systems, are driven by a single data manager. In this way of coupling, the
model becomes one with the analytical functions of GIS, or GIS is another option in the
modelling environment to generate additional outputs.

With respect to the coupling of GIS and spatial analysis functionality, Goodchild
(1993) states quite rightly that “the needs are best handled not by integrating all forms of
geographic analysis in one package, but by providing appropriate linkages and hooks to
allow software components to act in a federation”. The advantage of such an approach is
that different integrations of functionality groups can take place serving different user
needs. Moreover, this integration can be guided more by functional than technological
considerations, as it takes place irrespective of the hard- and software used. To achieve
this, a greater degree of openness of spatial data formats is required than can be offered
by transfer standards and translators, as described in the previous section.
Discussions and developments of such more free exchange (interoperability) of
geographical data and geo-processing resources have been taking place for several years
(the Open GIS Consortium (OGC) – http://ogc.ogis.org; Geo Info Systems, 1995;
Steinfort, 1996). It is one of the objectives of OGC to develop one universal model for
geographic data and geographic processes to support all existing and new GIS
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applications (Open Geodata Interoperability Specification OGIS; Steinfort, 1996). With
respect to the interoperability of geo-processes, one of the tasks is the identification of
generic GIS functionality. To give an example: Mularz et al. (1995) identify five major
service areas, where the ‘access’ service strongly relates to the idea of the meta-
information system (Section 3.4.2):
- ‘access’, to allow the access, the query and the retrieval of spatial data and

information;
- ‘collect’, to handle the collection of raw data and provide for the incorporation of

value-added data;
- ‘store’, to provide mechanisms to retain, archive, and distribute the collected data as

well as to create of meta-data;
- ‘produce’, to provide for the generation of well-defined, fixed products as well as the

ability to generate customized, one-of-a-kind products;
- ‘exploit’, to provide the ability to integrate, manipulate, augment and generalize

spatial data based on domain-specific needs.

Through the open structures these generic GIS ‘services’ can be more easily linked to
the various subsystems, such as environmental models. In a similar manner the
development of SDSS (cf. Section 3.3.2) will become more efficient. In the
development of these customized applications use can be made of available generic GIS
functionality which avoids the re-writing of these routines. This approach comes close
to the concepts for DSS development proposed by Sprague (1980 in: Densham, 1991)
(cf. Figure 3.4). Sprague identifies three technological levels for DSS development:
specific DSS, the DSS generator and DSS tools. The specific DSS is a customized DSS
for the specific end-user, the decision maker. The DSS generator is the environment for
the DSS user, intermediary or developer to adjust the specific DSS in a relatively simple
and fast manner. Finally, the DSS tools are facilities specifically for the DSS developer
to develop the DSS generator or parts of the specific DSS (Densham, 1991).
Developments in the context of OGIS will complement the DSS toolbox with generic
spatial data handling functionality and thus facilitate the development of specific SDSS.
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Figure 3.4: A three-level framework for developing an SDSS (Sprague, 1980, in:
Densham, 1991).

3.6 Environmental management and Geographic Information
Technology

Chapter 2 described the use of spatial information in environmental management.
During the various management phases (recognizing, formulating, solving, control) at
the different management scales (global, national, regional, local) spatial information
plays a key role in gaining insight into the regional problem context and the
development and selection of alternative solutions. 

Development of research components
Table 2.2 in Chapter 2 showed the research activities required to support decision

making in each management phase, resulting in different combinations of spatial data
handling, modelling and decision-support functionality groups. To what extent is GIS
able to offer these functions to the user?

As described in this chapter, GIS plays an important role in spatial data handling due
to its well-developed spatial data handling functionality (cf. Section 3.2). Although GIS
functionality is quite extensive, various shortcomings are revealed when applying it to
actual problems. Some questions are still unresolved in relation to the interpretation of
remote sensing images, the integration of data of different resolutions (e.g.
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environmental data in grid structure and administrative boundaries at the regional scale),
the development of consistent multi-scale data models (multiple representations) and
how to deal with uncertainty. Issues of spatial data sharing, including those arising from
new developments, were addressed in Section 3.4. In environmental research spatial
data sharing is becoming a central issue as the subject often requires the integration of
many data sets from different sources: for instance the development of multi-source
environmental databases and the integration of environmental information with social-
economic information in the light of sustainable development. Flexible spatial data
sharing will further support interdisciplinary research to support environmental
management. GIT as discussed in the latter sections plays an important role in this
respect.

The model component was the subject of Section 3.3.1. A large number of activities
are going on in this field. When integrating GIS and environmental modelling numerous
research questions remain, for instance with respect to the development of scientific
databases, the handling of scale effects in spatial data and models, and the modelling of
hierarchical environmental systems (Michener et al., 1994). These fields still pose the
main challenge for scientific research. Table 2.2 showed that the issue of certainty and
detail plays a more important role in the later management phases. The field of certainty
of information in general does not get much attention at the management level. Maps are
still often presented and used irrespective of the certainty of the results. Quality of data
and information in general and the certainty of modelling outcomes in relation to model
and data characteristics are issues which deserve more attention (Burrough, 1992, Kraak
et al., 1995), in particular at the research level.

One of the challenges of GIS is to translate the contents of spatial databases and the
results of environmental modelling into policy. Goodchild (1993) provides a list of
possible activities:
- models must be spatially disaggregated, to allow policy to be evaluated at a detailed

spatial scale using accurate spatial data;
- results must be displayed in a form that is understandable by the policy maker (often

aggregated by administrative unit);
- results need to be considered together with economic and social data for comparison

and correlation; and
- the development of spatial decision support (scenarios, multi-criteria analysis, spatial

evaluation). 

GIS has a considerable potential to support decision making. In this respect, Nyerges
(1993) distinguishes between three modes of GIS use: map mode, query mode and
model mode. The three modes combined provide an interactive environment for
environmental decision making. The mapping of the spatial distribution of data (map
mode) is one of the first fields where GIS can show its benefits. It offers the user
referential and browse information, when he wishes to see an overview of a spatial
feature (an environmental effect) and needs to get an idea of what is there. Specific
requests for information (query mode) are posed in two ways in the realm of ‘What is?’
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and ‘Where is?’ questions. In addition, through the combination of several related data
layers it is possible to elucidate the relations between different variables (e.g.
environmental degradation and land use). Analysis techniques like map analysis, as well
as visual analysis techniques (e.g. in the context of explorative data analysis) can
support the search for patterns and relations in the spatial distributions. Both the map
mode as well as the query mode can be useful to identify the problem context and also
to support the development of alternatives. The assessment and prediction of
environmental effects of a certain alternative is an essential activity in the selection
phase of environmental management. It requires the use of environmental models
(model mode), and the integration of these models and spatial databases (cf. Section
3.3.1). To support the modes described above not only spatial data and modelling
functions are required, but also a decision-support component. In each management
phase decision processes take place: strategic decision making in the design phase,
tactical decision making in the solution phase and more operational decision making in
the monitoring phase. Environmental problems in general are characterized by a less
structured problem context, but between management phases a differentiation can be
observed in structure. This implies that the decision support needed for the different
management phases varies (Table 2.2). In the previous sections it was seen that some of
the decision-support functionality (3.3.2) is quite well developed in GIS (such as
representation aids). Less well developed is particularly the group of choice models (cf.
Section 3.2).

Integration and transfer of research components
As seen in Section 3.3.2 decision support comprises of not only the development of

decision-support techniques, but also the integration of various research components,
with access to these components given by means of easily accessible user-interfaces.
Calkins (1991) observes that the decision process can benefit most from the use of GIS
if it is characterized by rationality and if policy attributes can be quantified, conditions
which are in general not true for environmental decision problems. DSS and SDSS are
more equipped to handle these types of problems, as seen in Section 3.3.2. To cope with
the integration of research components and transfer to such management applications,
GIT developments are becoming increasingly important. Section 3.4.2 addresssed the
initiatives to improve the sharing of spatial data sets between different information
systems within and between organizations. Also more recent developments in the
context of Open GIS (Section 3.5) are promsing in facilitating the exchange of not only
spatial data sets between different research and management environments, but also
functionality groups, particularly the spatial data handling functions.
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3.7 Conclusions

This chapter has discussed GIS from four perspectives: a functional, integrative,
organizational and future perspective. With respect to the functional perspective, GIS
has long been regarded as an instrument which should offer all the functionality required
to support all kind of users, in research as well as decision-making fields. It is, however,
obvious that a single GIS will never fully meet the needs of all user groups
simultaneously. The section on the integrative perspective showed the ongoing
developments in integrating models and the decision-support functionality to the spatial
data handling functionality of GIS to make use of its powerful database management
and visualization functionality, and in this way to provide the required tools for different
users. Still, it is obvious that the different functionality groups of GIS (Figure 3.1) offer
many challenges for further scientific research. A number of scientific (cooperation)
programmes, such as the NCGIA and ESF GISDATA initiatives, have been set in
motion to work on these challenges.

To support the move of GIS from the phase of spatial data inventory and spatial
analysis applications to the phase of management applications, the development of
decision-support techniques and the integration of spatial data handling, modelling and
decision-support techniques in easily accessible management information systems is
very relevant. Section 3.3.2 gave as an example the use of SDSS environments to
support these latter applications. The increase in GIS use and maturity in applications
implies that the user group is becoming more diverse, with a wide range of demands
with respect to spatial information and IT-environments. This stresses the need for
communication. In this respect, this chapter addressed the changing role of GIS as it
moves towards GIT. Through the 1970s and early 1980s GIS could be considered solely
as islands of information. GIS was regarded as a self-contained independent system in
which geographic data were digitally captured, stored, analysed and displayed. Due to
the closed file formats, it was a time-consuming process to acquire spatial data from
external sources. Later the exchange of data became easier by using standards and
translators. This also greatly stimulated the use of GIS in environmental research. GIS is
gradually changing from a single independent system to a more open system,
communicating with other systems or system components. It is growing slowly towards
becoming an instrument embedded in an IT infrastructure, able to communicate with
these systems. If these developments can continue to grow towards maturity, discussions
on the functionalities within a certain GIS-package are no longer so important. It will
then be much easier to add and integrate all the functionality needs for a specific tailor-
made application. This provides many advantages for the development of user-specific
applications. These specialities are particularly crucial in environmental research and
decision making as there is a large number of diverse environmental databases, user
groups and applications. Such developments in the IT field will give a further impetus to
international, inter-organizational and interdisciplinary activities. If these are guided by
geographic data infrastructures facilitating spatial data sharing, from local up to global
networks (like the Internet), then the potential of the technology is enormous. Issues of
meta-data, embedded in meta-information systems, will become increasingly important
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to keep data accessible and to assess the use of data for analysis and decision-making
activities.

The challenge remains to support decision makers in the environmental field with the
information they require (Section 3.6). Various activities like the post-processing of
modelling results needs more attention. Densham and Goodchild (1989) state: “If GIS
are to provide effective decision making support in solving complex spatial problems,
they must integrate analytical techniques and enable decision makers to use their chosen
decision making processes.” This requires the integration of research components in
easily accessible information systems. This implies that a single GIS environment
cannot be used to cover all research and management user needs, but rather different
GIT computer environments featuring different combinations of functionality. It is this
type of information systems and their interrelation which will be the focus of the
following chapter. The Spatial Data Infrastructure (SDI) described in the present
chapter, plays a crucial role in the communication between these different computer
environments.
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CHAPTER 4

An infrastructure framework to improve
the accessibility of spatial information
for environmental management

4.1 Introduction

To support decision making, research components, such as spatial data handling,
environmental modelling and decision-support functionality are required. Experts are
often still needed to apply these components in the decision-making context.
Accessibility of information for managers will improve if decision makers are able to
use research components by themselves to analyse decision problems. In the light of
this, the present chapter focusses on the concept of integrated information systems.
These systems aim at the optimal integration of spatial data handling, modelling and
decision-support functionality. The SDSS environments described in the previous
chapter are an example of integrated information systems designed to support the
specific demands of managers. In this chapter, it is argued that integrated information
systems are not stand-alone environments, and that communication between research
activities and research and management is indispensable to support the process of the
development of research components and their integration in management applications,
to arrive at a good accessibility, both from a physical and cognitive perspective. An
infrastructure framework is designed to improve this communication. The move from
GIS towards GIT (as described in the previous chapter) plays an important role in this
respect.

The structure of this chapter is as follows. First, in Section 4.2 the concept of
optimized integrated information systems will be discussed. Then, in Section 4.3 the
infrastructure framework will be described with the purpose of improving the
accessibility of geographic research components and thus spatial information for
management applications. In Section 4.4 the functional infrastructure will be outlined,
and in Section 4.5 likewise the technical infrastructure, focussing on the discovery and
exchange of spatial data. Finally, Section 4.6 will conclude this chapter.

4.2 Toward optimized integrated information systems

As explained in Chapter 2, in the process of transforming (raw) spatial data to
(strategic) information three main research activities can be distinguished: the
development of the spatial data handling functionality, the environmental modelling
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functionality, and the decision-support functionality (Table 2.2, Table 4.1). All actors
responsible for these activities make some contribution to this transformation of spatial
data. They generate spatial data sets, and all the while each step in the process further
adds value to the data. In other words, spatial data becomes more mature during the
transformation process. Once developed, these research components will also be used by
other actors (particularly at the research level), as reflected by the functionality demand
of Table 4.1 (e.g. the decision-support analyst using environmental modelling
functionality developed by the environmental modeller). Instead of only using the
results of environmental modelling (which can be considered as data for the manager),
or the results of the decision-support activities (which can be considered as information
for the manager) in map form, the management of environmental problems needs a
more interactive use of research components (cf. Chapter 3). This implies that besides
research, management too should have access to the developed research components.
The process of transforming spatial data to information then also needs to take place in
management applications, but often in a more simplified and structured manner. To
develop and/or use research components and thus to obtain the required information, the
actors at the research and management levels will have different GIT environment
demands, and different functionality and data demands (Scholten and Padding, 1990;
Table 4.1). These issues will be further addressed below.

Optimized functionality components
To serve different GIT user demands it is not desirable to link complete systems, i.e.

the integration of a complete GIS with a complete modelling environment. Applications
focussing on a specific problem will need only a subset of spatial data handling,
modelling and decision-support functionalities. In this manner different users could be
offered optimized subsets of functions. Thus, in the process of transforming (raw)
spatial data to (strategic) information, different levels of integration of functionality
components can be envisaged at various time levels, resulting in different GIT
applications (cf. Figure 4.1; Fedra, 1993).



Actor Type of GIT Functionality Related data 
---------------------------------------------------------- -----------------------------------------------------
Demand Development Demand Development

Environmental management

Manager (tactical/ Simplified, structured Decision support - Prepared reference value -
strategic level) and interactive Environmental modelling Prepared model input 

‘Small and beautiful’ Spatial data handling Prepared spatial data

Manager “ Decision support - Prepared reference value -
(operational level) Spatial data handling Prepared spatial data

Research (development and use of components)

Decision-support Small toolbox, Decision support Decision support Prepared spatial data Prepared reference values
analyst accessible  Environmental modelling Reference values

Spatial data handling

Environmental Large toolbox Environmental modelling Environmental modelling Prepared spatial data  Prepared spatial data
modeller Spatial data handling Model input Prepared model input

Spatial data Large toolbox Spatial data handling Spatial data handling (raw) spatial data Prepared spatial data
manager

Table 4.1: For different actors in environmental research and management, the main GIT environment demands (type, functionality (most
dominant in bold print) and related data), together with the research components (functionality, data) developed.



Spatial data
handling

Environmental
modelling

Decision
support

62

Figure 4.1: Optimization of the integration of spatial data handling, modelling and
decision-support functionalities (after Fedra, 1993).

To construct spatial databases and spatial data models the spatial data manager will
need a wide variety of spatial data handling functionality. To perform the necessary
spatial data handling operations, the GIT computer environment needs to be powerful,
with a broad set of functionalities and characterized by an open structure that will
facilitate the integration of disparate spatial data sets, as well as being a structure open
to the ‘world’, thus enabling spatial data exchange through networks. To describe
environmental processes in terms of models, the environmental modeller will need a
large set of modelling functionalities or tools to calibrate, validate and run models. In
order to be able to spatially parameterize models he will also require some spatial data
handling functionality to integrate spatial data of different scales with the model
component. Part of the spatial data sets will be the result of the work of the spatial data
manager, and part of the input consists of non-spatial model parameters. Like the data
manager, the modeller too will need a large and open GIT computer environment. If it is
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required to add specific software components, this openness becomes even more
important. The development of the decision-support component will require another
subset of functionalities. Less spatial data management, as well as less modelling
functionality will be needed. Calibrated models or the results of spatial data and
modelling activities can be taken as the starting-point of the analysis. To further
transform data, more accessible computer environments are required that ideally offer a
wide variety of decision-support functionality to integrate, evaluate and present
information. As with the previous group, these environments should be open to facilitate
the addition of specific routines and to integrate spatial data sets generated by the spatial
data manager and environmental modeller. In addition, the environments should be
sufficiently flexible to enable the incorporation of reference values developed by
different disciplines.

As explained in Chapter 2, environmental management needs decision support to
cope with semi- or ill-structured classified problems. Various types of integrated
systems can be envisaged to support environmental management. Table 4.1 shows as an
example two types: for instance at the operational level, monitoring systems, integrating
some spatial data handling and decision-support functionalities; at the strategic and
tactical levels SDSS, integrating some spatial data handling functionality with a wide
variety of modelling and decision-support functionalities (Densham, 1991; Janssen,
1992; Fedra, 1993; Hallett et al., 1996). A management application will suffice with a
limited spatial data handling functionality as it can get specially prepared spatial data
sets from research. The modelling functionality will also be optimized. Simulation
models will often be large and model-runs time-consuming, which makes model
implementation and processing in these management environments likely to become
problematic. An option is to process models at the research level, and restrict processing
in the SDSS to the interpretation of (intermediate) modelling outcomes. To support
management ‘small and beautiful’ information systems are required, as explained in
Chapter 3.  

Optimized spatial data components
Not only the functionality but also spatial data sets can be optimized to suit specific

user needs. The spatial data manager will obtain raw spatial data (Table 4.1) from a
variety of sources, such as primary and secondary spatial data collection and through
spatial data sharing. To carry out their activities decision-support analysts will often
only need transformations of these raw data sets, i.e. subsets (such as a particular
region), spatial data already integrated with other data sets or the outcomes of
environmental modelling. As explained earlier, management applications will reflect the
whole process of data transformation in a simplified manner. Optimization can, for
instance, imply the use of aggregated spatial data sets to enable faster analysis and
visualization.

Optimization of integrated information systems can consist of providing subsets of
functionalities to users, as well as subsets of (spatial) data. Besides, particularly in
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management applications, both these components sometimes need adjustments to make
implementation more feasible for reasons of interactivity and transparency. Table 4.1
shows various relations between the different users at the research and management
levels with respect to information processing. The observations made above indicate
that the different actors need research components developed in earlier research stages
to develop and/or use their own research components. The information output of
decision-support research is (strategic) information. To generate this information
decision support needs spatial data sets and reference values prepared by other research
activities. This means that a transfer of (spatial) data needs to take place from one
environment to another. Management can make use of the results from environmental
modelling or decision-support research activities through the use of maps, but as seen
above interactive computer environments, like SDSS environments, are better suited to
the management of environmental problems. As a consequence, environmental
managers need to have access to the functionality components developed at the research
level and which can be implemented in a user-friendly environment. Moreover, spatial
data sets linked to the modelling functionality and reference values linked to the
decision-support functionality are required to feed such a system. Thus, transfer of
research components (functionality, including data) is required to smooth the supply of
information for different users.

4.3 An infrastructure framework to improve the accessibility 
of spatial information

In the previous section, it was seen that different integrated computer environments
at the research and management levels are related to and dependent on each other. A
dynamic link with the research level is relevant not only during the development of
management applications but also during the use of these environments, in order to
update components in the system or add components to the system (e.g. data on new
compounds, or a set of spatial data covering a new region for which monitor
information is required or a risk assessment needs to be carried out). Taking into
account the fact that different users will use different GIT environments, attention to
communication is a prerequisite to support:
- the process of transforming (raw) data into information in general, and 
- more specifically, the transfer of optimized research components (functionality and

data) to make them accessible for various users in the environmental research and
management field.

Communication should focus on 1) the conceptual level to support the development
of research components (cognitive accessibility); and 2) the technical level to support
the discovery and physical exchange of these components (physical accessibility).
Figure 4.2 shows an infrastructure framework designed to improve the accessibility of
research components. It links integrated information systems at the research level
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(developing/using different research components for transforming spatial data into
information at various spatial scales) with integrated information systems for
management purposes (using components to develop information at a variety of
management scales). Two infrastructures are designed to smooth this communication
process: a functional and technical infrastructure. It is the general aim of a technical
infrastructure to facilitate the discovery and exchange of the three research components
distinguished: spatial data handling, modelling and decision-support functionality in
combination with (spatial) data sets. Here, the emphasis will be on the sharing of the
spatial data component, relevant to feed all three functionality groups. This relates to the
discussion in Section 3.4.2 about developments in the context of SDI. The knowledge
component of the SDI definition given in that section, actually reflects the functional
infrastructure of the framework elaborated in this chapter.

Figure 4.2: Communication between integrated information systems at the research and
management levels.
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4.4 Cognitive accessibility: a functional infrastructure

A functional infrastructure should facilitate and stimulate discussion between
research activities (the exchange, integration and checking of consistency of research
methods and techniques) and between research and management. In addition
communication between management phases is valuable (e.g. to ascertain whether
policy objectives and measures are consistent) and so is communication between
management scales (e.g. to see whether European and national policy measures drawn
up in the solution phase are consistent). 

With respect to the communication between research and management DeGloria
(1993) states: “To develop institutional and scientific linkages between the current
needs in environmental regulation and advances in ecosystem science, improved
communication is required between regulators, scientists and the public. One
mechanism to improve this communication is to conduct interdisciplinary workshops
and seminars which bring together expertise in environmental protection, ecosystem
science and public advocacy. Such sessions serve to share knowledge, define issues and
establish protocols for integrating information systems and technology into the
environmental regulatory process”. Besides workshops and seminars, such a functional
infrastructure can consist of research and development programmes, multidisciplinary
research projects and Internet user groups. Concerning integrated information systems
for environmental management, discussions and exchange of ideas and concepts in the
context of this infrastructure should mainly concentrate on three areas of consideration
(cf. Figure 4.3): 
- the development of research components; 
- the optimization/integration of research components; and
- the user-interface design.

Considerations in the development of research components
Scientific research of spatial phenomena traditionally comprises two rather distinct

fields of interest (Burrough, 1995): that of data gatherers and that of process modellers.
Scientific considerations will guide the selection of the spatial data and models and their
scales, constrained by their availability. Modelling with the data should result in
information useful to and needed by the decision maker. The decision-making context
should be taken into account to various degrees in the development of spatial databases
and environmental modelling. Decision makers at the European scale will, for instance,
require more global data and models than decision makers at the local and regional
scales (Section 2.6.2). The decision-making context should also be considered in the
choice of the spatial data attribute. For instance, if ‘worst case evaluations’ need to be
made, the spatial data should reflect this, which means that average values in a spatial
data model will be less appropriate.

Another aspect is the issue of the uncertainty of information. Researchers will know
the data they collect and process thoroughly, and in general they will document both the
operations and the uncertainties in reports. To support decision makers often only the



Management

Spatial data
handling

Environm. 
modelling

Decision support

National
Regional/local

European

functional infrastructure
Considerations in:

- the development of research components 
- optimization/integration of components 

- user-interface design

Research

Spatial data
handling

Environm.
modelling

Decision support

Small-scale

Large-scale

67

end-result (a map) is transferred and not the underlying assumptions and uncertainties.
Still, it is relevant to know the nature and quality of the information, in order to be able
to assess whether information is correct and appropriate to the task in hand (Monmonier,
1991; Kraak, et al., 1995). One option is to include uncertainty indicators in maps by
using specific cartographic techniques (Pebesma, 1996). However, as explained in
Chapter 2, uncertainty and accuracy of information are not equally important in the four
management phases. In the design phase, for instance these issues are of less importance
than in the solution and monitoring phases, as at this early stage objectives and measures
designed are still rather global (Table 2.2).

As explained in Chapter 2, there is a wide variety of decision-support techniques (cf.
Section 2.7). Some of them overlap with the spatial data handling and modelling
functionality. Here, two of them will be further elaborated as examples: the application
of multi-criteria techniques (choice models) and the presentation of information
(representational aids).

 
Figure 4.3: Functional infrastructure linking integrated information systems at the
research and management levels.
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In order to arrive at a decision, alternatives need to be evaluated. To assist decision
makers in this process a considerable choice of techniques can be used. Some of these
techniques are based on a monetary evaluation of alternatives, by identifying all possible
effects and assessing the impact of these effects on the basis of market values.
Environmental decision making is, however, often characterized by a multi-objective
problem context (Janssen, 1992) consisting of multiple criteria (e.g. various economic
and environmental effects) and having various dimensions (e.g. monetary units or
environmental pollution levels). Multi-criteria analysis techniques, amongst others,
support decision makers in the evaluation of these situations (see e.g. Janssen, 1992;
Eastman et al., 1993; Beinat, 1995; Jankowski, 1995; Geertman, 1996).

Presentation of spatial information is a powerful instrument to support decision
making, as it plays a role in any phase of the decision process. The presentation aspect
has been addressed in several contexts: explorative data analysis, the integration of
information, the visualization of the certainty of information, the aggregation level of
information, and combined graphical and statistical visualization. In the human-
computer interfacing of integrated information systems the role of visualization is to
present the (intermediate) results of the data transformation by means of spatial data
handling, modelling and decision-support functionalities in a manner that is
understandable by the general decision-making community. The GIS market offers a
wide range of instruments for the visualization of spatial information. Multi-media
techniques are becoming more popular for the visualization and exploration of
information of different types (ESF workshop ‘GIS and Multi-media’, Rostock 1994;
1st Conference on Spatial Multi-media and Virtual Reality, Lisbon 1995).

Considerations in the optimization/integration of research components
In cooperation between research and management it should be analysed what

research components need to be integrated in the management application. This is
highly dependent on the user demand: To what extent is spatial data handling
functionality required?, Is modelling functionality required to conduct ‘What-if’ type of
decision analysis? What kind of decision support will be needed? In a similar way the
need to optimize components should be analysed, something which is related to the
required level of detail, the availability of components, the size of the components and
the number of components that need to be integrated. The testing of the consequences of
these differences for the information output of both the management and research
applications is an aspect which needs attention at this stage of spatial database
development and environmental modelling.

Considerations in the design of the user-interface
The design of management applications should be guided by the decision context and

user demand. Chapter 3 gave the example of SDSS environments. In the communication
between research and management levels the user-interface can play an important role
as it offers access to the underlying research components in a structured logical way. In
a spatial context such an interactive, menu-driven user-interface will often consist of
dynamic colour graphics representing the spatial data sets. These graphics give the user
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insight into how data is transformed into information; Van Voris et al. (1996) refer to
this as decision-support interoperability. 

Researchers will always be somewhat cautious about transferring these research
components, as managers in general will be less-experienced in the different fields. To
assure the correct use of research components, Artificial-Intelligence (AI) components
can be embedded in the management application. Such components can be used to:
- check and constrain user-specifications in allowable ranges (Cowen and Ehler,

1994);
- ensure the consistency of interactively defined scenarios; and
- give feedback on the quality of results and give suggestions for further action

(Burrough (1992) refers in this respect to ‘intelligent GIS’).

4.5 Physical accessibility: a spatial data infrastructure

Research components are developed in different organizations and often maintained
in different integrated GIT environments, each with their specific characteristics (Table
4.1). To support spatial data maturing there is a need for openness and possibilities for
exchange (Section 4.2). There are several reasons for enhancing the accessibility of
spatial data (by providing discovery and exchange procedures) to support research and
management activities:
- As seen in Section 4.2 and Table 4.1, different actors are involved in the process of

transforming (raw) data into (strategic) information. Actors may operate in single
organizations, but often also in different organizations. Activities in this process are
dependent on the results of other activities (e.g. the decision-support analyst needs
spatial data sets handled by the spatial data manager). A structure enabling the
discovery, exchange and integration of disparate data sets would serve the spatial
data communication between these analysis and management activities.

- The various actors at the research and management levels produce different spatial
information output as shown in Table 4.1, but often will have in common the use of
the same spatial data sets. In particular fundamental data sets, like boundary files, or
cadastral maps are of this type (cf. Section 3.4). Duplication of collection, storage
and management of these data sets should be avoided.

- A third point concerns the quality of data and information, which is related to
cognitive accessibility. Meta-information systems, as discussed in Chapter 3, can
play an important role to assess whether data is suitable for analysis and decision-
making applications. This can be illustrated by the demand for spatial data sets at
different scales to support environmental management. The development of
hierarchical databases, constituting a set of multi-scale spatial data layers consistent
with each other in terms of storage, classification and data quality, is one of the many
challenges for environmental research. Meanwhile, the provision of meta-data on
these data sets can support users in the discovery of inconsistencies between single-
scale spatial data layers, until these hierarchical databases become widely available.
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The concept shown in Figure 4.4 offers a powerful structure for enhancing the
accessibility of spatial data and information. In this structure the data processing level,
data access and the database level are functionally separated from each other. Meta-
information systems play an important role at the data access level.  

Figure 4.4: Spatial data infrastructure providing access to spatial data for different
integrated information systems at the research and management levels.

The data processing level of Figure 4.4 is a user-specific level. It constitutes the
different integrated information systems used by the different actors involved in the
process of transforming spatial data into information (Table 4.1). At this level modellers
will develop and test their models and managers will consult monitoring systems and
decision-support systems. This level also contains the specific data layers needed to feed
the integrated information systems. The database level is the fundamental
communication infrastructure for the information system (Tom, 1995; Mularz et al.
1995). This infrastructure consists of central databases and networks. The central
databases contain fundamental spatial data sets (e.g. CORINE data sets, remote sensing
images, cadastral maps) while, in addition, this level can also contain the spatial data
layers manipulated and re-stored by the various research actors in the process of data
maturing. The data access level is a crucial level as it should facilitates the
communication between the different integrated environments at the data processing
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level and the different databases. It is one of the generic ‘services’ identified in Section
3.5, focussing on discovery and exchange of spatial data. One of the main functions of
the data access level is that it should be ‘open’ to many users, and provide them with a
number of services: data discovery services, services to assure data quality, data
publication services, user education and support services and services to acquire data
(Strebel et al., 1994).

4.6 Conclusions

Research is making more use of spatial data, and is beginning to make use of GIS as
an instrument that supports spatial data handling. The integration capabilities of GIS are
appealing, as DeGloria (1996) states: “The integration of data is critical for
understanding complex environmental processes, improving field observations and
measurements in support of database development and model validation, and enhancing
the set of spatial information tools accessible to scientists, managers and decision-
makers.” Chapter 3, however, highlighted the lack of modelling and decision-support
functionality in most GIS software. Examples were given in the field of environmental
modelling and management applications, where, to overcome these shortcomings,
different functionality groups are integrated in various ways with GIS spatial data
handling functionality. The environmental management group is not easy to support
with information as managers need information from the multitude of disciplines
involved in environmental issues but are not, in general, experts in the specific
disciplines and, moreover, nor are they commonly experts in the field of GIT. This
implies that they are still highly dependent on the research community for their
information. This chapter has focussed on the transformation of this one-way
information flow from research to management into a more dynamic and interactive
flow, by proposing the use of integrated information systems in an infrastructure
framework.

In this chapter it was explained that the different actors in the research and
management fields each require specific combinations of spatial data handling,
modelling and decision-support functionalities and demand specific GIT computer
environments. It is clear that one GIS can never fill the needs of all these users
simultaneously. Instead of using one computer environment for all users, the concept of
integrated information systems provides actors with optimized computer environments
best suited to their needs. Communication between research and management is,
however, relevant to enable the exchange of ideas, concepts, models and spatial data. As
shown in this chapter, it is a prerequisite to support the process of transforming (raw)
data into information at the research and management levels. A framework is therefore
proposed to position and link integrated environments by means of two infrastructures: a
functional infrastructure, and a spatial data infrastructure. The use of such a functional
infrastructure, that is related to the cognitive accessibility, will encourage the
interoperability of methods, techniques and cultures specific for the scientific disciplines



72

and for decision making. The need for good physical data accessibility by means of a
spatial data infrastructure is essential now that there is a considerable increase in the
development and use of environmental spatial data to support modelling and decision-
support activities. The exchange of data sets between different users is crucial in the
development of (strategic) information.

The improvement of the accessibility of spatial information is achieved through:
- the positioning of integrated information systems in an infrastructure framework to

facilitate communication between research and management; 
- with respect to the functional infrastructure, the development of research

components, the optimization/integration of components and user-interface design;
and

- with respect to the spatial data infrastructure, a free exchange of spatial data sets
between different information systems.

The framework proposed positions GIT, namely, the specific data inventory and spatial
analysis and management applications, in the context of the institutional perspective, as
reflected by Scholten’s definition (Section 3.1). In a similar way, the framework
supports the development of research components from basic research more towards
management applications, as explained in Chapter 2. In the next four chapters, the
framework will be applied to the field of pesticide management.
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CHAPTER 5

Spatial information 
for pesticide risk management

5.1 Introduction

During this century, and particularly since the Second World War, the use of
agricultural land in developed countries has undergone a process of drastic development
and change. This development has led to a highly specialized and mechanized procedure
of animal breeding and plant protection resulting in an enormous increase in
productivity. This has been attributable to the availability of greater knowledge
concerning the development and production of crops and animals, radical changes in
production conditions (e.g. mechanization, land development projects, intensive
fertilization and improvements in soil fertility) and the introduction of improved strains
from plant breeding (WRR, 1992). In particular, the Common Agricultural Policy
(CAP) of the European Community has stimulated these developments, as one of its
objectives was “to increase agricultural productivity by developing technical progress
and by ensuring the rational development of agricultural production ....” (Article 39(1)
of the EEC Treaty). The more traditional agricultural structure was characterized by its
local orientation. Agricultural activities and their relations to and effects on the
ecological system mainly took place at this local scale. Due to the developments
especially in the last half-century, the scale of agricultural activities expanded (Bouwer
and Klaver, 1987). This arose from an increase in the scale of agriculture’s relations
within the economic system (e.g. through international trade), and from an increase in
the scale of its relations with the political system (for instance, the influence of CAP).

Also on account of the developments described above the relations of agriculture
with the ecological system have multiplied, reflected in increased environmental
pressure, leading to various degrees of environmental degradation. These environmental
effects arising from agricultural activity can be subdivided into those problems that stem
from (Ryding, 1992):
- the use of chemicals in agriculture. These relate to pollution of the environment in

general and of groundwater and surface water in particular. The result of this is
damage to flora and fauna, and hazards to health;

- intensive livestock farming, adversely affecting the conditions under which the
animals are kept and treated, producing stench and the emission of ammonia into the
atmosphere, which contributes to air pollution. A major problem in certain regions is
also the overproduction of animal waste and the subsequent dumping of too large
quantities in too small areas; and

- large-scale farming activities such as drainage, the filling up or realignment of



      Crop protection is defined here as ‘all measures aimed at keeping diseases, pests and other harmful1

factors during crop growing within acceptable limits’ (LNV, 1991). In this study the focus will not be on
all crop protection measures, but only on the use of pesticides.
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ditches, the building and metalling of rural roads and land improvement. The result is
a drastic change to historical landscapes, a loss of diversity and again damage to flora
and fauna.

In this and the subsequent chapters the focus will be on one particular environmental
and human health threat, which relates to the first type of problem described above: the
use of crop protection agents , more specifically the use of agricultural pesticides. The1

role of regional pesticide information as a means to support and evaluate pesticide
management, aiming at the reduction of the adverse effects, will be examined. Further
discussion concerns the development of this information by research activities and the
enhancement of the accessibility of this information for environmental managers
involved in the authorization and use of pesticides.

Sections 5.2 and 5.3 serve as introductory sections on the pesticide problem. Section
5.2 is devoted to the description of pesticide use in a regional perspective. An analysis
of the economic processes underlying the use of pesticides will not, however, be dealt
with. Then, in Section 5.3 a brief overview will be given of the human and
environmental health effects of the use of pesticides, as well as their spatial aspects.
Next, in Section 5.4 the main elements in environmental pesticide risk management are
outlined, and here the focus will be on the activities of pesticide policy at different
scales. In Section 5.5 the role and type of spatial information to support pesticide risk
management is addressed. Section 5.6 deals with the development of this information by
research activities, with the emphasis on environmental research and its use of GIS.
Section 5.7 will introduce the European Pesticide Project which focuses on the
development of research components and the integration of these components in an
integrated computer environment so that pesticide management can be supported with
information on adverse environmental and human health effects of pesticide use. Some
conclusions will be drawn in Section 5.8.

5.2 Regional patterns of pesticide use

Regional differentiation of agricultural activity is largely determined by the regional
variation in availability, quality and price of input factors, such as economic and natural
resources. Agricultural activity can thus be characterized by regional patterns of these
input factors, which reflect the intensity of the use of land. One of the input factors
which plays a central role in this part of the study is pesticides. In this section, the use of
pesticides in Europe and the Netherlands will be further examined. 

Data on pesticide use are difficult to obtain. Most data available are merely
estimations of pesticide use. The main sources of information are data on the sales of
pesticides, which is available at the national levels and obtained from bodies such as the



      Pesticides can be split up into four groups: fungicides, herbicides, insecticides and nematicides. See2

for a further explanation the Multi-Year Crop Protection Plan (LNV, 1991).
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national associations of producers and importers of agrochemicals and the Ministries of
Agriculture. Further, pesticide use data can be derived from the FADN (Farm
Accountancy Data Network) data set of the Commission of the European Communities.
The use of this data set enables an analysis at the regional level. It is based on the annual
accounting results of a sample of commercial farms in the European Union Member
States. Similar data sets are available at a more detailed level for a number of Member
States including the Netherlands (Brouwer et al., 1994).

Pesticide use in Europe
The annual sales of pesticides in the European Union are estimated at 340-350

million kilograms of active ingredients (Brouwer et al., 1994). Differences among
countries are large, both in terms of the total sales of pesticides as well as the sales per
pesticide subgroup that can be distinguished . This is due to differences in the intensity2

of agricultural production, differences in crops, varying climatological conditions and
other local circumstances. Table 5.1 shows the regional figures on pesticide sales (total
and related to the agricultural land under production) for 12 European Union countries,
as well as the related output per hectare. It is shown that sales of pesticides are relatively
high in Italy and France (50% of total pesticide sales in the European Union). These
comparisons change dramatically when related to the total area of arable land and land
under permanent crops. The total sales of pesticides per hectare appears to be less then 3
kg in Denmark, Spain, Ireland and Portugal. At the other extreme, Belgium (10.7 kg)
and the Netherlands (17.5 kg) lead the list. 
To elucidate the regional differences within the different countries shown in Table 5.1,
use is made of the FADN data set of the Commission of the European Communities.
Figure I.1 in Appendix I shows as an example the spatial distribution of pesticide costs
per hectare of utilized agricultural area for an average field cropping FADN farm.
Pesticide costs appear to be highest in regions with intensive field cropping, like north-
west Europe and the south-east coast of Spain.

Pesticide use in the Netherlands
There are several reasons why the Netherlands has a high pesticide use density

(Brouwer et al., 1994; LNV, 1991). First of all, it is related to the Dutch position as an
exporting country, given the fact that strict international phytosanitary regulations are
applied. In many cases these regulations demand that no harmful organisms are present
on the crop. Another explanation of the high usage is the agricultural structure in the
Netherlands. This structure – consisting of many small-scale, highly intensive and
specialized farms – is rather sensitive to the manifestation of diseases and pests.
Another relevant fact in this context concerns the Dutch weather conditions which
encourage the growth and development of diseases and pests. 
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Country Year Sales of pesticides Output

------------------------------------------------
(in thousands of kg) (kg/ha) (ECU/ha)

Netherlands 1992 15,921 17.5 8,423
Belgium 1992 7,866 10.7 3,069
Italy 1989 91,100 7.6 2,400
Greece 1989 23,477 6.0 1,842
Germany 1990 33,146 4.4 1,623
France 1992 84,709 4.4 1,709
United Kingdom 1992 23,800 3.6 1,441
Luxembourg 1991 253 3.1 1,371
Spain 1990-92 52,250 2.6 844
Denmark 1991 5,619 2.2 1,234
Ireland 1992 2,072 2.2 1,174
Portugal 1992 6,117 1.9 1,036

EUR 12 364,330 4.5 1,666

Table 5.1: Annual sales of pesticides for use in agriculture in totals (in thousands of kg
of active ingredients), per hectare of arable land and land under permanent crops (in kg
of active ingredients) and the output from crop production by EU Member States
(Source:  Brouwer et al., 1994).

Differences in pesticide use per sector and per region in the Netherlands are large.
Table 5.2 shows the differences in pesticide usage between the main agricultural sectors.
It clearly demonstrates these differences, with flower bulb and greenhouse vegetable
growing applying the greatest amount of pesticides. Differences between regions are
large, mainly due to regional differences in agricultural activities (see LEI, 1989). It is
difficult to obtain further disaggregated information on pesticide use for a single
pesticide. The ISBEST program (Merkelbach et al., forthcoming) is an example of how
this information can be estimated using various data sets. This program generates
pesticide use information (on single pesticides) per municipality based on national sales
figures, national agricultural statistics on the area per crop per municipality and expert
judgement on the application of pesticides per crop. Figure I.2 in Appendix I shows an
example of this information regarding the use of the pesticide Atrazine, which is mainly
used in fodder maize.
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Area Pesticides use
(ha) (kg/ha)

Flower bulbs 2,100 120
Vegetable growing (greenhouse) 470 106
Floriculture 630 96
Forestry 500 76
Vegetable growing (open air) 1,300 28
Tree cultivation 470 20
Arable farming 14,200 19
Cattle-breeding 720 0.7

Table 5.2: Overview of pesticide use in some agricultural sectors in the Netherlands, as
estimated in the policy plan for crop protection (LNV, 1991).

Developments in pesticide use
   Pesticide use in the EU has been decreasing in recent years. The total reduction since
the mid-1980s in the countries for which pesticide sales data was available (Belgium,
Denmark, Germany, Greece, France and the Netherlands) was up to 17% (Blom, 1994).
Factors contributing to this decrease include the introduction of pesticides with smaller
amounts of chemicals and the decrease of the utilized agricultural area. It is expected
that the use of pesticides will further decrease because of:
- the CAP reforms (e.g. through the mandatory set-aside scheme and environmental

policies);
- environmental policies in the EU and its Member States; and
- Directive 91/414/EEC (1991) concerning the control of the admission of pesticides

on the market.

The latter two factors mentioned above will be further elaborated in Section 5.4.

5.3 Threats related to pesticide use

More intensive use of land will in general result in an increase in production. Such an
increase in production is, however, often accompanied by an increased threat to human
and environmental health. For instance, in the case of pesticides, monitoring
programmes have shown that pesticides may reach beyond their targets and show up in,
for example, groundwater and surface water. Some studies mention that as much as 90%
of the pesticides applied will reach the (non-target) environment (Umweltbundesambt
Germany, 1990,  in Faasen, 1994). The use of certain pesticides therefore poses a threat
to the sustainable use of groundwater and surface water as a source of drinking-water, to
ecosystems and to public health. Environmental reports, such as the Dutch ‘Concern forr
Tomorrow’ (RIVM, 1991) and the European Dobrís Report (Stanners and Bourdeau,



      In risk assessment the terms ‘hazard’ and ‘risk’ are used to describe human health and environmental3

effects. Hazard, is a function of toxicity and exposure; it demonstrates a potential. Risk is the assessment
of the actual risk, which is the probability for the hazard to actually occur. In this study both the terms
‘effect’ and ‘risk’ refer to hazard.
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1995), mention these threats. The latter report identified the threat to groundwater (as a
source of drinking-water) and to terrestrial and aquatic ecosystems through pollutants
like pesticides as one of the most acute environmental problems in present-day Europe.

The adverse effects of pesticide use can be split up into three main categories:
agricultural side-effects; natural and environmental effects; and health and labour-
related effects. Agricultural side-effects occur within the field of application. They
include phytotoxicity which manifests as damaged crops, resistance to pesticides,
adaptation to pesticides and quality aspects (LNV, 1991). This section will concentrate
on the latter two effect categories (cf. Figure 5.1). 
   The extent to which pesticide use as described in the previous section will lead to
human health and environmental effects  is determined by, among other things, the3

toxicity of the compound used. The underlying source-receptor route makes the
assessment of effects complex, however. Such an assessment procedure consists of
various elements: the determination of pesticide use (source) and the determination of
exposure routes (pathways) resulting in human and environmental exposure. Exposure
routes can be very diverse, such as interception, air transport (drift, volatilization), soil
deposition, run-off, leaching, drainage and base-flow (cf. Figure 5.1), each happening on
different spatial and temporal scales. Finally, in the assessment procedure receptors need
to be identified, as well as dose-response relationships, which determine the human and
environmental health effects. In general there is, however, a lack of knowledge about the
effects of single pesticides on organisms, ecosystems and humans, and particularly a
lack of knowledge about the effects of the combined exposure of these receptor groups
to more than one pesticide. 

Data on natural and environmental effects is mainly derived from monitoring
programmes; in some cases estimations are made based on exposure models.
Groundwater quality is threatened in all European Union Member States. It has been
calculated that in 65% of all agricultural land in the European Union, the total
concentration of pesticides in groundwater is over 0.5 microgram/litre. Soils sensitive to
leaching are found all over Europe, especially in the United Kingdom, France, Belgium,
Germany, Italy and the Netherlands (Kohsiek et al., 1991). The main problem of
groundwater contamination is its effect on the drinking-water function. Also surface
water is seriously threatened. In the Netherlands, for instance, in approximately two-
thirds of the inland waters the proposed European criteria were exceeded (Faasen,
1994).
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Figure 5.1: The main pesticide exposure routes and related receptor groups (in circles).

Another major problem of pesticide use concerns the effects on ecosystems. These
effects were extensively reported for the first time by Carson (1962). Through the
transport of pesticides in the environmental compartments, as discussed above, both
terrestrial and aquatic ecosystems are threatened. The following effects have been
reported (Oskam et al., 1992):
- insect life on or near plots where pesticides are used is strongly affected;
- diminishing butterfly and partridge populations can, in part, be directly attributed to

pesticides;
- occasionally, pesticide use causes the death of fish, bees and birds by poisoning;
- surface water in areas of greenhouse cultivation often contains such high

concentrations of pesticides that aquatic communities are seriously threatened; and
- locally polluted surface water in farming areas occasionally damages aquatic

organisms.

Health effects on the general population can occur when pesticides residues show up
in food, drinking-water and air. Farmers and agricultural workers can be threatened
through more acute toxicity hazards caused during the preparation or application of
pesticides. There is, in general, a lack of monitoring data on food residues, as well as a
lack of information about chronic pesticide poisoning. For overviews of pesticide effects
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on the general population and agricultural workers, see Hayes and Laws (1991) and
Maroni and Fait (1993).

A regional distribution of effects is determined by the spatial distribution of pesticide
use (cf. Section 5.2), the spatial distribution of receptors and the underlying exposure
routes. The spatial distribution of receptors is determined by the presence and
characteristics (e.g. sensitivity to certain pesticide) of receptors, such as groundwater,
aquatic and terrestrial ecosystems. As discussed in this section, pesticides transfer
through various exposure routes from the location of application to the different
receptors. The spatial scale of these routes will in general be mainly local, regional and
national. This is the case for soil, groundwater and surface water processes resulting in
effects on terrestrial and aquatic ecosystems. However, even international scale effects
are also reported. In particular, via air transport, rainwater and human exposure routes
(e.g. via food export), pesticides can be transferred over long distances. Baumol and
Oates (1988), for instance, describe the example of pesticides found in the organs of
Arctic animals.

5.4 Environmental pesticide risk management

Pesticide policy development
Policy plays an important role in tackling the pesticide problem. Recalling the policy

development phases described in Chapter 2 (Winsemius, 1987, Section 2.3), it can be
said that the pesticide problem has passed through all these phases. 

Awareness (first phase) was raised already in 1962 (Carson, 1962), and in later years
by many other studies. It became clear that environmental and public health was
threatened by pesticide use. In this respect, monitoring programmes played an important
role. 

The European Community and its Member States have, particularly in the last
decade, played a more active role in developing policies to prevent soil and groundwater
from (further) contamination with pesticides and to diminish adverse impacts on the
environment and public health as much as possible (second phase). Reforms in the CAP
started in the mid-1980s; objectives moved towards “the integration of the requirements
of environmental protection into the Common Agricultural Policy” (Scheele, 1994).
Environmental policy at the European level received an important stimulus through the
Fifth Environmental Action Plan (Commission of the European Communities, 1992).
Also policy plans have been drawn up which particularly focus on pesticides, e.g. the
Netherlands’ Multi-Year Crop Protection Plan (LNV, 1991). In many policy plans
sustainable development has become a central principle. Sustainability in the
agricultural context can be viewed from two perspectives: an economic production
perspective and an economic-ecological perspective. With respect to the first
perspective, agricultural systems can be characterized by the following four components
(Barrow, 1991): productivity (measured by yield or net income), stability of yield or net
income, sustainability of yield or net income and equitability of yield or income
distribution. The substitution between the components is a normative matter. It is
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possible to have a very productive, but vulnerable, unstable, possibly unsustainable
agricultural strategy. On the other hand, it is possible to have a less productive, but more
stable and sustainable strategy. The second perspective also goes on to consider the
effects of agricultural practice on ecosystems which are not of direct use for agriculture.
As an example, the OECD (1993) defines sustainable agricultural development as a
development aiming at:
- an ongoing economically viable agricultural production system;
- the maintenance or enhancement of the farm’s natural resource base;
- maintenance or enhancement of other ecosystems affected by agricultural activities;

and
- the provision of natural amenity and aesthetic qualities.

The plans developed in the second phase also give indications of how to achieve the
objectives set: through regulatory instruments, economic instruments or social
regulation. 

A further elaboration and application of these policy measures takes place in the third
phase of policy development. Different policy makers at various levels are involved in
this process: national governments, regional governments, groundwater abstraction
companies and farmers. The different policy measures will be further elaborated below. 

In the fourth phase the effectiveness of the policy measures is evaluated. An example
from the Netherlands concerns the ‘Multi-Year Crop Protection Plan: Evaluation 1995’
(IKC, 1996), which evaluates the extent to which the 1995 targets set in 1991 have been
achieved. The results from such studies can provide grounds for re-considering
objectives or policy measures set in earlier phases.

Pesticide policy approaches
Two main policy approaches can be applied to achieve pesticide policy objectives:

quality policy and quantity policy. Quality policy can be considered as the most
important approach; it aims at the reduction of those pesticides posing particular threats
to environmental and human health. One of the main instruments supporting quality
policy is a regulatory instrument: the admission procedure. This procedure provides
guidelines for the admission of pesticides on the market. These guidelines are drawn up
with the intention to protect humans and organisms in the environment from adverse
effects. Both at the national levels, and recently also at the European level (Directive
91/414/EEC), control of the admission of pesticides is required. Quantity policy directly
aims at pesticide use and pesticide emission reductions. Current Dutch pesticide policy
in the light of this policy has three targets (Multi-year Crop Protection Plan; LNV,
1991):
- the reduction of the dependence of agriculture on chemical pesticides; 
- the reduction of the total use of chemical pesticides;
- the reduction of pesticide emissions to the environment.

Table 5.3 gives, as an example, the targets set for the reduction of the total use of
pesticides in the Dutch plans (LNV, 1991).
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Reduction (in %) to be reached in:

1995 2000

Vegetable growing (greenhouse) 50 65
Floriculture 47 64
Flower bulbs 42 61
Arable farming 39 60
Vegetable growing (open air) 40 56
Tree cultivation 23 44
Forestry 29 42
Cattle-breeding 23 25

Table 5.3: Reduction percentages of pesticide use in some agricultural sectors to be
reached in respectively 1995 and 2000, as indicated in the policy plan for crop
protection (LNV, 1991). The reference year is 1991. Most 1995 targets have been
achieved (RIVM 1996; IKC, 1996).

   There are several new developments and discussions going on with respect to
pesticide policy at national and European levels, which are of general interest, but are
also particularly of relevance in the context of spatial information. They will be outlined
here briefly.

EU harmonization and cooperation concerning environmental policy
   The differences between the EU countries with respect to government intervention in
the case of pesticides are quite large. See Reus et al. (1994) for an overview of policies
and measures in the different Member States. These differences are revealed as
differences in the rigidity of policy (e.g. objectives and targets set in policy plans). Also
differences in policy instruments can be observed: e.g. the application of different
admission procedures for pesticides or the use of economic instruments in Denmark and
Sweden (see Oskam et al., 1992). In various international frameworks the European
Union intends to harmonize environmental policy. Examples of this harmonization are
various directives on the residues of pesticides, the labelling and packaging of pesticides
and crop protection (such as phytosanitary measures). Directive (91/414/EEC), already
mentioned, aims at the harmonization of the control of the admission of pesticides on
the market. Another reason for European cooperation is the fact that some instruments,
like levies, need implementation at the European level to avoid unfair competition.

Mix of policy approaches and instruments
In addition to the quality approach described above, which is mainly enforced by the

admission procedures, consideration is now being drawn towards a more comprehensive
mix of policy instruments, also taking into account instruments in the context of



      With respect to the use of economic instruments in relation to pesticides, see e.g. WRR (1992) for a4

more general overview of the use of economic instruments in environmental policy, Reus et al. (1994) for
an overview of the applicability of different economic instruments in the context of pesticides and
Brouwer et al. (1993) and Oskam et al. (1992) for studies on the effects of levies on pesticides. Nijkamp
and Pepping (1996) describe a meta-analysis of the outcomes of different pesticide levy studies carried
out recently.
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quantity policy. One of the reasons for this is the fact that not all effects of pesticides
can be considered in the quality approach, due to, amongst other things, lack of
knowledge about exposure routes and source-receptor effect relations (as described in
Section 5.3). Another reason is that quantity policy enables the setting of targets that can
be used to stimulate the role of target groups, like the agricultural sector. Therefore,
such a quantity approach has now gained favour at national levels, e.g. the Netherlands.
In a similar way, this approach is advocated for the European level (Reus et al., 1994).
Others argue, however, that while quantity policy might help in achieving the objectives
listed above, it will not result in the most effective way to lessen environmental and
human health effects, as generally the toxicity of the pesticide is not taken into account
(Isermeyer, 1994). Instruments supporting a quantity approach, like economic
instruments  are gaining attention nowadays. In addition, more attention is being given4

to instruments in the context of social regulation. This relates to the principle of shared
responsibility. 

Shared responsibility
Its obvious that farmers are important actors in pesticide management. They actually

decide on what production methods to apply, including the type of crop protection. At
the farm scale there are a number of different solutions to diminish human and
environmental health effects, such as using less harmful pesticides, changing application
techniques (e.g. leaving field strips untreated along ditches), applying preventive and
non-chemical pest control or methods of Integrated Pest Management (IPM) (see Reus
et al., 1994). From the National Environmental Policy Plan (VROM; 1989) and the Fifth
Environmental Action Plan (Commission of the European Communities, 1992)
onwards, environmental policy has emphasized the importance of shared responsibility
in solving environmental problems (cf. Section 2.3). Quantity targets can play an
important role in this respect. They can provide the different agricultural sectors with
targets on pesticide use reductions to be made (e.g. Table 5.3). Policy instruments in the
context of social regulation, like voluntary agreements and training and education, can
further stimulate the process towards shared responsibility (Slangen, 1994). To support
this process appropriate information is crucial. An example of the provision of such
information is the ‘environmental yardstick’, an easy-to-use instrument to assess the
environmental effects of pesticides (CLM, 1996). Many activities in the context of
shared responsibility will take place at regional and local scales, which relates to the
next item.

Towards more regionally-differentiated targets and instruments
Opposite to the international harmonization trend, as described above, more
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attention is also being paid to the regional and local scale. Pesticide use and effects
show a regionally-differentiated character. Conflict areas can be detected, featuring high
pesticide use in combination with a high vulnerability to these pesticides (cf. Kohsiek et
al., 1991). In order to protect vulnerable areas, a better match between pesticide
problems and solutions is required. At both the European as well as national levels there
is the intention to apply more regionally-differentiated objectives and targets, as well as
a more regional application of policy instruments (e.g. a regionally-differentiated control
of admission of pesticides or regionally-differentiated levies) (Scheele, 1994). Major
problems of the regional differentiation of policy instruments are the maintenance of the
enforcement (monitoring of pesticide sales and use in regions) and the aspect of unfair
competition (for instance, due to different pesticide prices in different regions). It would
be more feasible to relate a regionalization of objectives and targets to the issue of
shared responsibility discussed before. To reach the targets, solutions at the regional and
farm scale need to be found. This requires a regional approach as economic and
environmental circumstances will differ between regions. Examples are various
initiatives undertaken in ‘soil protection regions’ (bodembeschermingsgebieden) in the
Netherlands (VROM, 1992b). 

5.5 The role and type of spatial information in pesticide risk
management

Figure 5.2 summarizes the discussion in previous sections of environmental pesticide
risk management. One important group of actors are the farmers, who take decisions on
crop protection methods, which result in regional patterns of pesticide use as seen in
Section 5.2. Pesticide use can have different effects on human health and environment,
as described in Section 5.3.

Due to the regional differences in pesticide use, spatial pathways and the regionally
differentiated sensitivity of receptors, the extent of the problem varies in intensity from
region to region. As seen in the previous section, government plays a correcting role
through the setting of objectives and the identification and implementation of policy
measures. There is increased interest in a mix of policy measures and more focus on the
role of target groups, like farmers’ or farmers organizations. This section will examine
the role and type of spatial information to support management at the different
administrative scales and the farm scale.
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Figure 5.2: Pesticide risk management and research in a systems perspective.

In Chapter 2 it was seen that environmental management can be divided into four
phases: recognizing, formulating, solving and control. These phases are passed through
at the different administrative scales as well as at the farm scale. Table 5.4 further
elaborates the different management phases with respect to pesticides and indicates their
relevance at the various management scales. Awareness will generally be raised at all
management scales, particularly the national and regional scales. The design of
objectives and global measures is mainly concentrated at the national scale (objectives
of agricultural policy, environmental policy and pesticide policy) and the farm scale.
With respect to the solving phase, there is quite some diversity in the relevance of the
management scales. Admission policy and levies can best be implemented at the
national, ideally the European, scale, and training and education and voluntary
agreements at the regional and local scales. Monitoring activities will generally take
place at those scales where objectives have been set, to enable the evaluation of these
objectives.
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Management phase Management scale

EU National Regional Local (farmer)

Recognizing + ++ ++ +

Formulating + ++ + ++

Solving 
levies ++ +
admission policy ++ + +
green labelling + + +
agreements + + ++
training and education + ++
crop protection ++

Control + ++ ++ ++

Table 5.4: Relevance of management phases for the different pesticide management
scales (++ = highly relevant, + = relevant) (partly after Van der Weijden, 1994).

In Chapter 2 it was also seen that within each of the management phases decision
processes take place: identification, development and selection (I, D, S). Information
support is particularly crucial in the identification phases (to get insight into the problem
context: What?) and the selection phases (to assess the impacts of different alternatives:
What-if?). Information needed to support the different decision processes in pesticide
management can be categorized into two groups, where the first group relates more to
quantity policy, and the second to quality policy:

(I) Spatial information on sources and pathways, such as:
- the average amount of active ingredients used per hectare of cultivated land;
- the amount of pesticide used;
- the average number of standard pesticide treatments per hectare of cultivated

land; and
- the emission of the pesticide into the environment.

(II) Spatial information on the human and environmental exposure to pesticides and
the extent to which exposure levels exceed the reference values set.

If targets have been set at the policy level, information of type (I) becomes relevant to
support farm management to assess the present situation and stimulate the application of
other production methods in order to achieve targets set. It also gives insight into the
extent to which these targets have been met. If targets have not been met information
can give a stimulus for further action. In this instance, information of type (II) can
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support the development of farm scale solutions which are more environmentally safe
(through training and education, for instance). Spatial information gives insight into the
specific regional problem context. In the light of social regulation ideally this should
result in the incorporation of more environmental objectives in decision making (design
management phase), and ultimately the selection of production methods causing less
harm to the environment (solution management phase).

Information on effects (type II) is particularly relevant in the awareness and
monitoring phases of pesticide management at the different administrative scales, and
also in the solution phase to assess the human health and environmental effects of policy
measures. Information of type (I) will be useful to monitor agricultural activity and its
related crop protection methods. In the case of quantity policy this kind of information is
required to set targets (eventually in combination with regionally-differentiated
information on effects) and evaluate targets.

As pesticide management takes place at different spatial scales (cf. Table 5.4) various
spatial resolutions of information will be demanded. At the European scale more global
information will suffice, while at the regional and local scales more spatial detail in
information will be required. Thus, spatial information needs to be available in a range
of resolutions serving all scales. As explained in Chapter 2, the character of the
information needed (from global towards detailed and more reliable) to support the
identification and selection phases of the decision process is dependent on the
management phase.

5.6 Spatial research activities in the context of pesticide risk

Research plays an important role in the support of information described in the
previous section. Figure 5.2 describes the development and use of research components
as a main environmental research activity (cf. Chapter 4). GIS is being used to an
increasing extent in agricultural applications (e.g. GIS Europe, 1994). Pesticide research
is making more use of spatial data handling functionality to capture the spatial variation
in pesticide use. One of the main features of GIS is the storage of spatial data and the
integration of data layers from disparate sources. Section 5.2 showed how, by employing
various regional information sources, pesticide use per municipality in the Netherlands
is estimated (ISBEST; Merkelbach et al., forthcoming). In this example, GIS shows its
potential for integrating and visualizing information. In a similar way, GIS is used to
store data from monitoring stations, and to analyse this data further to reveal regional
patterns of pesticide concentrations in the different environmental compartments.

With respect to the spatial modelling of environmental effects of pesticides, GIS is
becoming an indispensable instrument, particularly in the development of the spatial
data models underlying the regionalization of exposure models. Several examples
illustrate these developments. A number of methodologies have been developed to
evaluate groundwater vulnerability to pesticide pollution on a regional scale (using
models like SPISP (Soil Pesticide Interaction Screening Procedure), DRASTIC and
SEEPAGE (http://pasture.ecn.purdue.edu; Robinette, 1991), PESTLA (Padding and Van
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Veldhuizen, 1991) and PESTRAS (Freijer et al., 1996). Another example is the
application of the ANSWERS model (simulating run-off) in a Dutch and United
Kingdom region by using GIS (de Roo, 1993). An extensive overview of the integration
of GIS with, for example, surface water quality models, groundwater flow models and
ecological models is given by Steyaert and Goodchild (1994). 

The potential of GIS in pesticide research is not fully exploited. With respect to
spatial modelling, interesting fields are the parameterization of scenarios to assess future
regional developments, the parameterization of regional economic models to assess the
economic effects of the chosen alternatives and the further spatial parameterization of
pesticide exposure models to assess effects on aquatic and terrestrial ecosystems. Also
some potential research areas in the context of decision support are still unexplored: for
instance, the integration of different pesticide effect categories by applying multi-criteria
techniques. The integration and visualization of spatial information on pesticide use and
effects can also be used in a more data-driven (explorative) analysis. 

The second research activity shown in Figure 5.2 relates to the accessibility of
research components in the light of integrated information systems as discussed in
Chapter 4. As shown in Table 4.1, integrated information systems can be operational,
e.g. monitoring systems (combining spatial data and some decision support), and also
more tactical or strategical SDSS (combining data, models, procedures, decision
support, to support ‘What-if’ type of questions). Reus et al. (1994) give some examples
of SDSS used in pesticide control. Hallett et al. (1996) describes examples of spatial
environmental information systems in the context of pesticide use and exposure
assessment in the United Kingdom. However, these systems either do not take into
account the spatial component of the problem context or pay less attention to the
decision-support aspects needed to enhance the information support to the pesticide
manager. 

The next section will introduce the empirical part of this study, the subject of the
following chapters, which contributes to the development of the three research
components described above.

5.7 Developing and making accessible research component s
for

pesticide risk management: the European Pesticide Project

Pesticide management nowadays requires the integration of many different aspects.
In the context of shared responsibility farmers are stimulated to incorporate human
health and environmental effects, as well as the economic effects of pesticides, in the
selection of the crop protection method. Different types of information are required to
support this process – information which is often available from disparate sources and
various disciplines, and in diverse formats. The amount of spatial data is increasing (e.g.
from monitoring and assessment programmes), and so is the number and type of models.
For managers, particularly at the tactical and strategic management levels, it is not easy
to get hold of all information, and then to integrate this information to arrive at a



      The European Pesticides Project is an EU DGXII research project (contract EV5V-CT92-0217). The5

participating institutes are the Department of Regional Economics and the Institute of Environmental
Studies (IVM) of the Vrije Universiteit Amsterdam (VU), the National Institute of Public Health and the
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decision. Information on effects of pesticides and on methods for reducing their risks
should be distributed more effectively by strengthening the information exchange
between research and management. Besides the development of research components,
they should also be made more accessible (cf. Figure 5.2). The reasons to undertake the
European Pesticide Project were:
- to develop the research components required in pesticide exposure assessment and

evaluation paying particular attention to the regionalization of information and
decision support; and 

- to explore how these different pesticide research components (spatial data handling,
environmental and human health pesticide exposure modelling, and various decision-
support techniques, such as pesticide risk integration, evaluation and visualization)
could be integrated and thus made more accessible for pesticide managers. 

Figure 5.3 shows in a schematic way the concept of the project. The main research
components were developed by five European research institutes involved in the
project . The information system integrating these components for management5

purposes is called EUPHIDS (EUropean Pesticide Hazard Information and Decision-
support System) EUPHIDS is designed to support managers in the solution management
phase to develop and select pesticide alternatives, particularly in the context of the
pesticide admission procedures. Different management scales are taken into account.

The following two chapters will describe the development of EUPHIDS. Chapter 6
describes the rationale for the integrated information system EUPHIDS. Modelling
functionality, to enable the manager to perform ‘What-if’ type of questions, and a large
decision-support functionality are needed. Chapter 7 gives a detailed account of the
development of the exposure modelling component, resulting in regional information on
pesticide exposure. That chapter describes the process of regionalization and the
different approaches in modelling pesticide exposure at the research and management
levels.
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Figure 5.3: The European Pesticides Project (see footnote 5 for project partners).

The relation between both the research and management levels is crucial in the
development and integration of research components. The infrastructure framework
proposed in Chapter 4 therefore positions EUPHIDS in an explicit relation with the
research environment. Two infrastructures underly this relation: a functional
infrastructure and spatial data infrastructure.

(I) Cognitive accessibility: a functional infrastructure

The functional infrastructure focusses on the communication between research
organizations active in the field of pesticides, but particularly the communication
between pesticide research and management. Three considerations have been mentioned
in Chapter 4 in the context of the development of integrated information systems: the
development of research components (functionality in combination with data),
optimization/integration of research components and user-interface design.

(II) Physical accessibility: a spatial data infrastructure

The technical infrastructure addressed in Chapter 4 mainly focussed on the exchange of
spatial data, due to its importance as input into the three reserach components
developed: spatial data handling, environmental and human health pesticide exposure
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modelling, and various decision-support techniques. Spatial data collection and use by
pesticide research is increasing: e.g. pesticide use and effect monitoring information,
spatial data layers to parameterize environmental exposure models. Spatial data is often
stored in different information systems in different research institutes (cf. Figure 5.3). In
order to improve the accessibility of these spatial data sets, communication is essential:
to exchange data between research information systems and between information
systems at the research and management levels (Douven and Scholten, 1996).

Chapter 8 will describe the role of this infrastructure framework in the EUPHIDS
development process.

5.8 Conclusions

As explained in this chapter, the pesticide problem context has a clear spatial
dimension: pesticide use shows a regional pattern, different spatial scales of exposure
can be identified and the presence or absence of receptor groups vulnerable to pesticides
will differ regionally. To get insight into the problem structure, to develop and select
alternatives (e.g. objectives, crop protection methods), spatial information is required to
take these regional differences into account. Pesticide management takes place at
different scales. The European scale is now playing a more important role.
Environmental policy at this scale is to an increasing extent taking into account
environmental objectives in both environmental and agricultural policy; also its role in
implementing environmental measures, such as admission procedures and levies, is
being strengthened. At the local scale, the farmer has to take more responsibility for the
environmental consequences of crop protection methods applied. In this respect,
quantity targets can play an important role. Policy instruments, in the realm of social
regulation, which focus on training and education and voluntary agreements, further
stimulate such behavioural changes. 

Research is to an increasing extent incorporating the spatial dimension in its
activities, such as pesticide monitoring programmes and assessment studies. To support
pesticide managers at different management scales (European, national, regional, local)
with spatial information, the access to this increasing amount of spatial research
components should be improved. Integrated information systems, like SDSS, are
designed to provide interactive access to a variety of research components, in a
simplified and structured manner.

The development of research components takes place in different organizations,
having different cultures and IT environments. Also the use of these components in
management applications has specific requirements with respect to the integration of
components, decision support and system design. The exchange of concepts and
technical components between these different users and their information systems would
greatly strengthen both pesticide research and management. The framework depicted in
Chapter 4 provides a functional and spatial data infrastructure for this purpose. In this
perspective the position of GIS is moving towards GIT. A single GIS cannot be used for
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all purposes, but this can be achieved by a network of interlinked specifically tailored
integrated information systems (each having different combinations of functionality).

The next three chapters describe the European Pesticides Project and its task of
developing research components in the context of pesticide exposure assessment and
evaluation and integrating these components in the SDSS EUPHIDS. Chapter 6 focusses
on the functional requirements of EUPHIDS and Chapter 7 on the development of the
research components for exposure assessment. Chapter 8 will discuss the role of the
functional and spatial data infrastructures in this process and their role in the
improvement of the accessibility of spatial information for pesticide risk management.



      This chapter is partly based on Douven, Beinat, Van Beurden, Van der Linden and Scholten (1995).1
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CHAPTER 6

EUPHIDS: An SDSS to support
pesticide risk management1

6.1 Introduction

Spatial data handling, environmental modelling and decision-support functionality
related to the required (spatial) data sets are the main research components developed at
the research level. As explained in Chapter 4 integrated information systems focus on
the integration of these research components in a single information system, taking into
account optimization matters and user-interface. This integration takes place so as to
improve the accessibility of spatial information for environmental managers. This
chapter describes the requirements of a specific integrated information system: the
SDSS EUPHIDS. The objective of EUPHIDS is to provide pesticide managers with
regional information on human and environmental pesticide risk in a transparent
manner. EUPHIDS particularly focusses on the support of pesticide admission
procedures. The integration of both modelling functionality and decision-support
functionality in an optimized format will enable the pesticide manager to have
interactive access to these research components. Such an integrated environment can be
consulted for ‘What-if’ type of questions, such as ‘What are the effects on humans and
the environment if pesticide A is placed on the market or applied in the field?’ and
‘What are the effects of substitute pesticide B?’.

The structure of this chapter is as follows. Section 6.2 gives some background
information on pesticide evaluation in the European perspective. Section 6.3 outlines the
rationale for the development of EUPHIDS. Section 6.4 describes the functional
structure of EUPHIDS, and its functional and spatial data requirements. In Sections 6.5
and 6.6 these different requirements (research components) will be further elaborated.
Section 6.7 will complete this chapter with some conclusions.

6.2 Pesticide admission procedures

The use of pesticides forms an integral part of modern agriculture. It is supposed to
assure farmers of high yields and good quality of crops. Nevertheless, the use of certain
pesticides poses a threat to environmental and public health (cf. Chapter 5). In the
farmer’s decision-making process these external effects are in general not taken into
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account. Governments and public authorities can play a correcting role through a variety
of instruments. Chapter 5 addressed some examples, like admission procedures and
economic incentives or disincentives to use a certain substance. The pesticide admission
procedure is, however, still the most important instrument to achieve objectives set by
pesticide policy. This procedure provides guidelines for the assessment and evaluation
of pesticides to be placed on the market. A number of aspects are taken into account,
such as economic effects, environmental and human health effects, social effects and
established policies (cf. Figure 6.1). The admission of a pesticide can therefore be
considered as a multidisciplinary process, involving knowledge from disciplines such as
agronomy, economics, soil science, toxicology and eco-toxicology. Registration will in
general be granted if the expected negative effects remain within set limits. Negative
effects are mostly associated with risks or threats posed to man and the environment.
This will also be the focus here (highlighted by bold print in Figure 6.1).

The pesticide admission procedure is applied by all European Union Member States.
Large differences in the procedures can be noticed, however. In general, there is a lack
of transparency and decision rules are unclear. Different models are applied to calculate
the environmental and human health exposure and different reference values are often
used to evaluate these exposure levels. In addition, it is not clear exactly how the
integration of the various effect categories (such as effects on groundwater and aquatic
ecosystems) leads to the final decision on the authorization of the pesticide. Are effects
on terrestrial ecosystems, for instance, as important as those on groundwater? These
observations lead to situations where, for instance, a certain pesticide is banned in one
country and admitted in another. Admission procedures also tend to be characterized by
the fact that regional differences are taken into account only to a limited extent. Effects
in one area can thus be overestimated and in another area underestimated. With respect
to the leaching of pesticides into groundwater, for instance, the organic matter content of
the soil is an important spatial factor. Spatial variation in this variable leads to spatial
variation in soil sensitivity to the leaching of pesticides. In relation to pesticide use, it
has been found that very high pesticide loads (10 kg/ha or higher) are often used on
highly sensitive soils (Kohsiek et al., 1991).

The Uniform Principles (Directive 91/414/EEC, 1991) partly accommodate the
shortcomings mentioned here. They aim at standardizing admission procedures in
Europe by providing a general outline and guidance on the evaluation of effects.
According to the Uniform Principles, all aspects of human health and the environment,
including biota, have to be considered in the evaluation of the fate, distribution and
probable effects of pesticides. The major objects of protection dealt with are: the general
population, agricultural workers and organisms living in aquatic and terrestrial
ecosystems, groundwater and air, as well as those living in/on the agricultural area itself,
all of which may be exposed to pesticides by different exposure routes. A regional
dimension begins to come into play by Article 10 of the Directive. According to the
guidelines a first evaluation of pesticides will take place at the European scale. A ban on
a particular pesticide at this level will overrule decisions taken at smaller management
scales. On the other hand, the Article states that a country can ignore a particular
European authorization, if national or regional environmental conditions appear to be
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more vulnerable to the pesticide under consideration than the average European
situation.

Figure 6.1: General outline of the decision-making procedures relating to the admission
of pesticides (the elements printed in bold indicate the scope of EUPHIDS).

6.3 The rationale for EUPHIDS

The observations made above demonstrate the need for an instrument offering
pesticide risk assessment and evaluation functionality in a structured, transparent
manner. This tool should integrate the required knowledge and guide the user through
this functionality along uniform decision procedures and rules, like those set out in the
Uniform Principles. The incorporation of local and regional parameters in the
instrument would offer decision makers more realistic information on the effects of
pesticides in their particular area (local, regional, national, continental). This
information will support them in the development of alternative solutions that better
match these specific situations (cf. Figure 6.2). 
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Figure 6.2: The multi-scale structure to support pesticide management at different
scales. 

In Chapter 2, four management phases were identified (recognizing, formulating,
solving and control), all requiring decision support to various degrees. The decision-
support system EUPHIDS has been developed to support pesticide admission officers in
the authorization process involved in putting agricultural pesticides on the market.
EUPHIDS is, therefore, an instrument which focusses particularly on the third phase
(solving); it supports the execution of a policy measure already designed and
implemented: this is the admission procedure. The admission of a pesticide largely takes
place in a series of fixed procedures. These procedures consist of quantified decision
schemes and rules, such as the Uniform Principles. This part of the decision process is
highly structured. However, the part of EUPHIDS that focusses on the integration of
effect categories is less structured, mainly due to the fact that eco-toxicological
information on such an integration process is lacking. This implies that the decision
maker has to take qualitative (subjective) considerations into account.

To support admission procedures, the European Pesticide Project focussed on the
development of the research components spatial data handling, modelling and decision-
support functionality. The product of the integration of these components, the SDSS
EUPHIDS, consists of a number of features which aim to meet the demands of decision
makers who are trying to minimize pesticide risks at all scales:
- EUPHIDS offers decision makers a structured decision model supporting the
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development of alternative pesticide scenarios and the selection of these scenarios,
which is the stage when pesticide exposure is assessed and evaluated. The
development phase is mainly supported by means of the design of the user-interface.
The selection phase is supported by means of exposure assessment models and
decision-support techniques, such as exposure evaluation techniques for single
species (e.g. the Uniform Principles), and ecosystem and integrated environmental
evaluation.

- Accessibility of information to the decision maker is further enhanced through the
emphasis on the post-processing of information, such as different decision support-
techniques to present and analyse information.

- EUPHIDS calculates and presents regional effects, which enables decision makers
not only to identify sensitive areas but also to localize these areas. The generation of
information at different spatial scales (Europe, national, regional) serves users at
different management scales.

- The decision model is reflected in an easily accessible interactive user-interface
giving access to underlying research components. These components consist of the
spatial data handling, exposure modelling and decision-support functionalities
(Figure 6.3). Several data sets are linked to these functionality groups (such as
reference values and spatial data). The components are developed by various
researchers in the field of pesticide exposure assessment and evaluation.

Although EUPHIDS is specifically designed for use by admission officers working
at different scales, the underlying procedures and research components can also support
the solution management phase at the local and regional scales. These components will
supply information on the adverse effects of pesticides, according to different scenarios
with respect to regional use and regional environmental conditions. Farmers and farmer
service organizations, for instance, are active at these scales. By using the research
components developed farm level solutions can be developed and evaluated, such as the
application of a certain pesticide giving a certain dose of application with a certain
pesticide-free zone along water courses. Table 6.1 shows some potential users of the
system at a variety of management scales. To serve these users, regional information
will have to be available at these different management scales. In the remainder of this
chapter the functional structure and requirements of EUPHIDS will be discussed.
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Figure 6.3: The integrated SDSS environment EUPHIDS, integrating spatial data
handling, modelling and decision-support functionalities to support pesticide
management at different scales.

Management scale Example of management scale Example of decision maker

European European Committee de Phytopharmacie

National Germany, Italy, the Netherlands National admission agencies  

Regional Landkreis, Province Managers environmental agencies

Municipality City, drinking water Mayor, director
pumping station

Local Field Farmer, farmer advisory service

Table 6.1: Some potential users of EUPHIDS at a number of management scales.
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6.4 Functional structure and functional and spatial data
requirements of EUPHIDS

Figure 6.4 is a schematic representation of the functional structure of EUPHIDS, and
its relation to the decision maker. The functionality of the system can be regarded as a
logical sequence of steps in pesticide exposure assessment and pesticide exposure
evaluation. In addition, a presentation module is available in EUPHIDS (cf. Figure 6.4).
The first step in EUPHIDS is the assessment of pesticide exposure. Various models and
algorithms are implemented simulating different human health and environmental
processes. The main input is data on pesticide properties and spatial data parameters
(such as soil and climate characteristics). The results are pesticide exposure maps which
indicate the human and environmental exposure levels (cf. Chapter 7). Exposure levels
are calculated for three environmental compartments: topsoil, groundwater and aquatic
ecosystems. With respect to human health a distinction is made between the exposure of
the general population and that of the agricultural worker. The exposure of the
agricultural worker is not regionalized and is presented in EUPHIDS in the form of
tables. 

The exposure maps are input to the pesticide exposure evaluation, which compares
actual exposure levels with (eco-)toxicological reference values for various receptor
groups, such as fish and daphnia for the aquatic ecosystem and earthworms for the
topsoil compartment. The default evaluation in EUPHIDS takes place according to the
Uniform Principles. Besides this single species evaluation, functionality is implemented
to assess the effects at the ecosystem level and at the integrated ecosystems level. At any
point in the exposure assessment and evaluation step, results can be viewed by using the
presentation module. In addition to this cartographic visualization of the spatial
distribution of pesticide exposure and the effects of various receptor groups, results can
be further analysed by means of statistical techniques, filtering techniques and
aggregation techniques.

In different ways the decision maker can interact with the integrated research
components. The user-interface guides the user through the process of exposure
assessment and evaluation, while at several points in this process it is possible to
interact with the system through a limited set of decision variables. These decision
variables offer the possibility to alter default options or parameters. The extent to which
the user will make use of these possibilities depends on his level of experience with the
different underlying knowledge fields. The average user can interact with the research
components:
- to develop alternatives: for instance, by selecting a pesticide in combination with an

application dose, a type of application, and with a certain distance of pesticide-free
zone adjacent to water courses;

- to further correct these alternatives for specific regional circumstances not taken into
account in the spatial parameters that serve as input for the exposure models: through
the selection of land use types and the selection of effect categories (if no
groundwater is present in the region under consideration, the calculation of that effect
category can be disabled in the user-interface); and
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- to present information: through different methods and techniques available, such as
statistics, filtering and aggregation.

Users with more experience in the field of exposure assessment have the possibility:
- to select a pesticide exposure assessment model, such as the choice between the

leaching model PESTRAS or PELMO (cf. Chapter 7) or the choice of a drift table;
and

- to refine the parameterization of the exposure assessment models, for instance by
entering pesticide properties, half-life times and exposure times, other than the
default values given.

Users with more experience in the field of exposure evaluation have the possibility:
- to alter the exposure evaluation procedure, through the adjustment of reference

values, the selection of evaluation methods for single species, and for ecosystem and
integrated ecosystems.

Sessions, comprising of a set of decision variables as indicated above, can be saved
in EUPHIDS and later recalled, in order to compare the map results of all the different
sessions in one screen. This is a functionality that supports the development of
alternatives and the comparison of the human health and environmental effects of each
alternative. Besides entering decision variables via the user-interface, an experienced
user can alter exposure assessment settings through the editing of text files consisting of
the non-spatial input parameters for the different models. To get a more comprehensive
idea of the functionality of EUPHIDS, Appendix II provides a demo-route through the
system.

The main research components implemented in EUPHIDS, as shown in Figure 6.4,
relate to the modelling and decision-support functionalities. Related to this are spatial
data sets and eco-toxicological reference values. These components are developed and
prepared at the research level. The following sections, 6.5 and 6.6, will examine these
components, with the decision-support functionality divided into pesticide exposure
evaluation and presentation.

6.5 EUPHIDS modelling research component

In the European Pesticide Project only those environmental compartments situated in
the immediate vicinity of a treated area are considered. The exposure routes
incorporated are:
- direct application of a pesticide on the field in form of spray, granules or treated

seeds;
- spray drift to adjacent ecosystems in the course of spray application;
- run-off from a treated area during torrential rain; and
- leaching of a pesticide into the groundwater by water percolating through soil. 
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Other pathways like volatilization with subsequent deposition and base-flow are
quantitatively less important for the exposure of non-target areas in the close
neighbourhood of application fields. Drainage might be of relevance for the assessment
of the exposure of surface water, but up to now no satisfactory models to assess
drainage exist. The models used are integrated with spatial data sets (e.g. on soils and
climatological circumstances) and can thus provide a regionalized image of exposure
levels. Human health exposure routes are modelled for two categories: general
population exposure (where food residues and regional data about diets are the main
parameters) and agricultural worker exposure (taking into account direct contact and
inhalation). The latter exposure route is not regionalized. See Beinat and Van den Berg
(1996), for further details on the human health and environmental processes covered by
EUPHIDS and the way they are modelled. 

The modelling of environmental and human health exposure routes in EUPHIDS
results in the following exposure levels:
- the Predicted Environmental Concentration (PEC) of topsoil (short-term and long-

term);
- the PEC of groundwater;
- the PEC of aquatic ecosystems (short-term and long-term);
- the Estimated Daily Intake (EDI) of the general population; and 
- dermal and inhalatory exposure indicators for the agricultural worker.

For several reasons the modelling functionality in EUPHIDS needs to be optimized.
Chapter 7 will describe two approaches to arrive at groundwater concentration levels
using the PESTRAS model. One approach is detailed and takes into account a large set
of spatial variables (spatially-distributed parameter modelling). This approach will
normally give the most accurate predictions, but it is rather time-consuming and is
highly spatial data demanding. This is something which can only be dealt with in a
research environment. The second approach is a more ‘simplified’ way of calculating
exposure levels in a two-step approach, also referred to as spatially-distributed
parameterized meta-modelling. This approach is adopted in EUPHIDS. There are
several advantages for implementing this approach in EUPHIDS:
- It makes the integration of a model like PESTRAS feasible in an integrated computer

environment such as EUPHIDS, while still providing sufficiently valuable
information. Additionally, the approach chosen makes it possible to integrate more
models (EUPHIDS consists of the PESTRAS and PELMO models to assess
groundwater concentrations). This versatility gives the user the option to choose the
most suitable model.

- It makes processing faster – as time-consuming model-runs take place outside
EUPHIDS, EUPHIDS only interprets these model results. 

- It allows interaction with modelling results through decision variables, to enable
‘What-if’ kind of analysis.

- It is less data demanding (for the regions covered by EUPHIDS not all the required
data sets were available).
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This difference in spatial modelling functionality reflects the difference between a
research environment demanding large spatial data handling and modelling
functionalities, and an environment such as EUPHIDS which optimizes these two
functionalities (cf. Section 4.2).

Spatial data input
Most environmental processes incorporated in EUPHIDS are regionalized. This holds

for the dispersion and absorption of the substance in the environment and for the
exposure of the general population. Table 6.2 shows the spatial data required to assess
the PEC of topsoil, the PEC of groundwater, the PEC of aquatic ecosystems and the EDI
for the general population. EUPHIDS requires a grid data structure for the calculation
and further post-processing of environmental exposure. A grid data structure is selected
as it enables easy and fast map computation and analysis. An exception to the use of the
grid cell structure concerns the calculations for the human health exposure assessment.
These are based on diet regions.

Data input Data output

Average temperature of the month of application (grid) PEC of top soil

Percentage of the organic matter content (grid) PEC of groundwater
Soil-climate regions (grid)

Sand/stone (grid) PEC of surface water
Slope (grid)
Maximum rainfall of the month of application (grid)
Percentage of the organic matter content (grid)

Table 6.2: Spatial data requirements of the modelling functionality of EUPHIDS (PEC =
Predicted Environmental Concentration).

As will be further elaborated in Chapter 7, the modelling assumptions chosen in the
project allow various resolutions of the grid cell unit. Availability of spatial data and
DSS requirements (in particular with respect to system performance) together determine
the choice of a spatial resolution. This results in the following resolutions of spatial data
sets: the test regions (Hupselse Beek, Parco Sud di Milano and Kreis Soest) are each
represented by grid cells of 100 by 100 metres; the Netherlands, Italy and Germany are
represented by grid cells of 2.5 by 2.5 kilometres. An exception is the European spatial
data set. This latter data set has been transformed from grid cells of 2.5 by 2.5
kilometres to grid cells of 10 by 10 kilometres, in order to make the processing and
visualization of processing results in EUPHIDS faster. This aggregation is acceptable
from a decision-support perspective as at the European scale, global information is
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generally sufficient for the identification and localization of pesticide risks to support
the admission procedure.

The outcomes of the environmental and human health exposure assessment can be
considered as intermediate results in the process of transforming data to information (cf.
Figure 6.4). They are not of direct use for the decision maker. To answer questions, such
as ‘In what areas are vulnerable ecosystems threatened by pesticide use?’ and ‘Are
pesticide effects acceptable at the administrative level I am responsible for?’, a further
post-processing of pesticide exposure levels is necessary to make them useful in the
decision process. Section 6.6.1 will describe the way the evaluation of pesticide
exposure takes place in EUPHIDS, and Section 6.6.2 describes the main techniques
implemented in EUPHIDS to present and analyse information.

6.6 EUPHIDS decision-support research component

6.6.1 Pesticide exposure evaluation

The evaluation module allows the evaluation of human and environmental exposure
levels with reference to acceptable levels. Exposure evaluation has several facets. The
simplest case is the threshold analysis, in which results of exposure models are
compared with risk thresholds to highlight the existence of adverse effects for single
species or for ecosystems. Integrated risk assessment provides additional methods to
integrate risks of multiple receptors, such as the overall environmental risk of the long-
term exposure of soil and surface water. In this paragraph we will focus only on
exposure evaluation methods to ascertain environmental effects. EUPHIDS
distinguishes three types of evaluation (cf. Figure 6.4): the ‘single-species’ threshold
analysis; the ‘ecosystems threshold’ analysis; and the integrated risk analysis performed
with value functions (Beinat, 1995; Beinat and Van den Berg, 1996). The input data for
all evaluations are the maps resulting from the exposure assessment (as described in the
previous section), which show the PEC of topsoil, surface water and groundwater for
long- and short-term exposure.

The ‘single-species’ threshold analysis is based on the comparison of the PECs for
the different environmental compartments with the respective (No-) Effect Level data,
or (N)EL. The term (N)EL represents the variety of eco-toxicological reference values
for short-term and long-term toxicity based on single species tests, as stated in the
Uniform Principles. The resulting PEC/(N)EL ratios serve as indicators for the
environmental risks due to the use of the assessed pesticide. Table 6.3 shows the
reference values as given by the Uniform Principles.

The analysis is performed for each grid cell of the reference area. This operation
results in a map which shows where the threshold is exceeded and where there is no
cause for concern. This is a very specific analysis, which focusses on a specific part of
the environment (e.g. aquatic ecosystems) and on a single species (e.g. fish). The
determination of the risk for the compartment as a whole requires the analysis and
synthesis of several maps, each referring to one of the relevant species to be considered
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(e.g. fish, algae and daphnia).
The threshold approach can also be used for more aggregated evaluation with the

introduction of ‘ecosystems threshold’ analysis. This requires a different threshold
indicated with the symbol PNEC (Predicted No Effects Concentration). If the PNEC is
exceeded for an environmental compartment, this indicates that all the organisms within
that compartment are exposed to risk. The PNEC is based on the sensitivity levels of
multiple species and embraces concepts such as the protection of the weakest link in the
chain. Multiple techniques for computing the PNEC are available (cf. Van Straalen and
Denneman, 1989).

Environmental compartment PEC/(N)EL Risk-quotient (Q)

Topsoil
earthworms short-term effects PEC /(N)EL < 0.1st

earthworms long-term effects PEC /(N)EL < 0.2lt

Groundwater PEC  groundwater < 0.1 ug/Llt

Aquatic ecosystems
fish and daphnia short-term effects PEC /(N)EL < 0.01st

fish and daphnia long-term effects PEC /(N)EL < 0.1lt

algae PEC /(N)EL < 0.1st

Table 6.3: Risk-quotients not to be exceeded according to the Unifor m
Principles.

Both the single-species and the ecosystems threshold analysis offer two levels of risk
detection. They correspond to two sequential steps in the process of aggregating the
information to provide decision makers with global pictures of environmental risks.
However, these two approaches offer little support for even more aggregated analysis,
such as the integration of risks of multiple environmental compartments. In many
practical cases the decision analysis includes trade-offs among the various effects on
different compartments, showing that typical evaluations are more complex than pure
standard compliance. They often require an integrated analysis of multiple risks. This
approach is implemented in EUPHIDS as follows (Beinat, 1995). Rather than a single
threshold which distinguishes between the acceptable and the non-acceptable pesticide
concentration for each compartment (e.g. soil, surface water) it is convenient to indicate
three distinct levels: a safe level, below which there is no risk; an unacceptable high
limit, above which environmental risks cannot be accepted; and an intermediate range in
which the whole picture of risk for all compartments has to be taken into account before
deciding on risk acceptability. In EUPHIDS multi-criteria value function methods have
been implemented to cope with this intermediate analysis (Beinat and Van den Berg,
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1996). These functions attached to single compartments should be considered as an
approximated substitute for unavailable dose-effect curves at the ecosystem level. Value
function techniques are an easy and clear way to represent formally one of the most
critical steps of the risk evaluation: the aggregation of risks of different sources. The
weighted combination of value functions also makes it possible to give differential
weights to the various spatial scales. For instance, decision makers can give regions with
valuable water resources or water ecosystems higher weights for the water compartment
than the other compartments, and can thus highlight its priority in the admission
procedure.

Data input
The main data input for the pesticide exposure evaluation are the reference values:

toxicological and eco-toxicological data on organisms – (N)ELs (cf. Table 6.2). In
addition, more politically determined reference values are used, like the one set to
protect the groundwater. Value functions used for the integrated analysis of multiple
risks are assessed on the basis of existing knowledge and expert judgement, for which
specific assessment techniques and interview protocols have been developed (see
Beinat, 1995). 

6.6.2 The presentation and analysis of information

To further strengthen the decision-supporting value of the information resulting from
the exposure assessment and evaluation modules, EUPHIDS consists of a number of
information analysis techniques (see also Appendix II). The visualization, statistical and
aggregation techniques implemented, as well as the functionality necessary to perform
the comparison of maps, will be described below.

Visualization  
The cartographic display of spatial modelling results is an indispensable functionality

in order to see at a glance the spatial distribution of the variable under consideration. In
addition, visualization is an important feature in EUPHIDS to give the user insight into
how data is transformed into information and thus incorporated into the decision process
itself. Using EUPHIDS means transforming data into information following the logical
sequence of exposure assessment and evaluation. Each step in this process activates the
related research components and is concluded with a cartographic display of the spatial
images of the (intermediate) results. In this manner the user of EUPHIDS will get more
feel for the map transformation process. Besides giving the user access to this
information in an appealing and understandable manner, it is particularly the
combination of visualization with other information analysis tools that turns it into a
powerful instrument. To activate these information analysis functions, e.g. statistical
functions, the user of EUPHIDS can change to the ‘analysis output’ menu at any time
during a session.
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Statistics
The combined visualization of maps and related statistical and tabular information is

extremely useful to support the decision process (e.g. Haslett et al., 1990; Densham,
1991). The visualization instrument used by EUPHIDS offers the possibility to generate
the statistics of a selected and displayed map. When the user invokes the statistical
function, a window inside the map window gives statistics about the map, such as the
statistical distribution of the various categories of information shown on the map legend
and the frequency distribution of the map values. Both map and statistical graphics are
thus displayed simultaneously in a single window. It is a highly valuable functionality
for further ‘reading’ and interpreting a map.

Spatial aggregation
The spatial aggregation functionality transforms the spatial grid cell units used in the

exposure assessment and evaluation modules into information at administrative levels.
This option can be useful when information for an entire administrative region is
required, without being interested in the spatial distribution of this information within
this region. For instance, the admission of a pesticide at the national level can be
supported by aggregating the detailed grid cell information up to the national level.
Obviously aggregation reduces the map variability and thus will have a dramatic
smoothing effect on the results. EUPHIDS offers the aggregation of grid cells into two
types of spatial units: administrative regions (for instance, municipalities and provinces
for the Netherlands, and the national, NUTS 1 and NUTS 2 levels for Europe) and land
use areas. The latter aggregates information per land use class. Within each selected unit
the original map values are aggregated using one of the following aggregation methods:
- the ‘average aggregation’ method: the aggregated value is the average of all grid cell

values within the spatial units selected;
- the ‘maximum aggregation’ method: the aggregated value takes on the value of the

grid cell with the highest value within the spatial unit selected; and 
- the ‘threshold aggregation’ method: the aggregated value is the number of grid cells

within the selected spatial unit which exceed a threshold specified by the user.

The selection of the aggregation method can be relevant in the decision context. If
pesticide effects are not allowed to exceed the reference value in any location in a
region, the second method should be applied to highlight this ‘worst-case scenario’. The
selection of the ‘average aggregation’ method probably would have neglected a few grid
cell values exceeding the reference value.

Map comparison
To support the process of developing, evaluating and comparing alternative solutions,

EUPHIDS offers the functionality to save and recall sessions, to enable the comparison
of maps of different sessions on one screen. A session can consist of a scenario for one
possible alternative (cf. Section 6.3): for instance, the assessment of the environmental
effects of the pesticide Atrazine, assuming an application dose of 1 kg/ha and
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calculating the groundwater exposure levels on the basis of PELMO calculations. A
second session could be based on the PESTRAS model. The map comparison
functionality allows a visual comparison of the two maps generated in the two sessions.
In addition, the statistical functionality can provide the frequency distribution of grid
cell values of the two maps in a single graph. The combined presentation of maps and
statistics supports a visual and statistical analysis of map differences. It should be
noticed that the focus in EUPHIDS is on non-spatial comparison. The application of
spatial comparison techniques in the context of pesticide risk is addressed by Van
Herwijnen and Janssen (1996).

Spatial data input
In addition to the data sets listed in Table 6.2, there are several other data sets needed

by EUPHIDS in the context of information analysis and presentation (Table 6.4). First, a
land use map can enable the preselection of those land use categories where the
pesticide is expected to be applied. Also a diet region map is used to visualize the EDI
information of the general population (calculated per diet region). Finally, maps
containing administrative regions are used for the spatial aggregation of grid cell
information to administrative units, as described above.

Input data Purpose

Land use (grid) Pre-selection of grid cells for calculation

Diet regions (vector) Visualization of EDI of general population

Administrative units (grid) Spatial aggregation of pesticide exposure and risk 
indicators

Table 6.4: Spatial data requirements of the decision-support functionality EUPHIDS
(EDI = Estimated Daily Intake).

6.7 Conclusions

This chapter has focussed on the provision of spatial information to assess and
evaluate adverse pesticide effects, particularly to support the solution phase of
management. What are the environmental and human health effects in a certain region if
a certain pesticide is used, given a number of (regional) conditions? This question is
relevant at various management scales (cf. Table 6.1): the different administrative scales
and the farm scale. The SDSS EUPHIDS, described in this chapter, is specifically
designed to give answers to this question in order to support pesticide admission
procedures at different administrative scales. In potential the instrument can also support
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farmers and farmer groups in the process of developing and selecting alternative, more
environmentally safe, pesticide scenarios, taking into account specific regional
circumstances.

To support managers in answering the type of question mentioned above, a wide
variety of research components are required. As explained in Chapter 5, the European
Pesticide Project was aimed at the development of those research components required
to assess and evaluate pesticide exposure, paying particular attention to regional
circumstances and decision support. EUPHIDS is the information system integrating
these components. This chapter described the rationale for EUPHIDS and its functional
structure and functional and spatial data requirements. The rationale is to enhance the
accessibility of research components, by integrating them in simplified form in an easy-
to-use information system. The advantage of this approach is that decision makers
change from simply being readers (of reports and maps) to users (of spatial data and
models), which makes decision support more interactive. The system’s fast response
gives the decision research process a highly interactive character, which will not only
support the selection of alternatives in the context of pesticide management, but also the
development of alternatives. 

The functional requirements for EUPHIDS are mainly environmental and human
health exposure modelling and decision-support functionality. As already noticed in
Chapter 2, decision support somewhat overlaps with the spatial data handling
functionality with respect to, for example, spatial aggregation (cf. Section 6.6.2) and
filtering functions. The exposure modelling component is used in EUPHIDS to allow the
user to perform ‘What-if’ type of analysis. Given different conditions, the adverse
effects of different pesticides can be scanned, in an interactive manner. The following
chapter will be particularly devoted to the development of this research component, as
particularly this component makes clear how functionality can differ in research and
management applications. In addition, ample attention will be paid to the optimization
of functionality and spatial data to make implementation in EUPHIDS feasible, based on
the functional requirements of EUPHIDS, addressed in Section 6.5. Further, attention
will be paid to the regionalization of this component in order to arrive at regional
outcomes. 

The decision-support component is divided into an exposure evaluation and
presentation part. The evaluation of environmental effects at various levels is a useful
instrument to further support management in the assessment of pesticide effects at
different levels: the single organism level, the ecosystem level and the environmental
level. The value functions, as discussed in Section 6.6.1, can be seen as an example of
embedded Artificial Intelligence components. They serve as an approximate substitute
for unavailable dose-effect curves at the ecosystem level. These functions determine the
allowable ranges within which user input is checked and constrained. Also a number of
the presentation instruments implemented in EUPHIDS were described in this chapter.
These include the combined display of graphical and statistical information and the map
comparison function, which are useful not only in the selection of alternatives, but also
in the development of alternatives.

Uncertainty indicators about modelling outcomes have not been implemented in
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EUPHIDS. The question is to what extent this issue can be dealt with properly in a
management application. SDSS are simplified computer environments with respect to
their models and spatial data sets, for reasons of interactivity and transparency. This
simplification of reality will always lead to some increase in uncertainty. On the other
hand, it is the only way to support managers at different scales with a wide variety of
knowledge that can be used by themselves to generate information in an interactive
manner. In the European Pesticide Project the main quality checks on (spatial) data and
models were performed at the research level, as will be addressed in the next chapter
with respect to groundwater exposure modelling. This implies that a good relation
between research developing the components and the management application using the
components is vital to arrive at consistent and reliable outcomes, and to avoid misuse of
embedded components. Later on, Chapter 8 will outline the role of the functional and
spatial data infrastructure framework (cf. Chapter 4) in the European Pesticides Project.
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CHAPTER 7

Spatial modelling of environmental exposure
of pesticides in EUPHIDS

7.1 Introduction

In the evaluation of the environmental and human health effects of a pesticide the
assessment of pesticide exposure levels is an important step. A distinction can be made
between human health and environmental exposure. Although human health exposure
assessment is a crucial element in pesticide risk assessment this is beyond the scope of
this chapter. The main focus will be on environmental exposure models, particularly the
regionalization of these models. Such a regionalization makes sense as variables
underlying these processes are often regionally differentiated, and so is the sensitivity of
regions to this exposure. Until recently, variability in environmental circumstances was
included only to a limited extent. Exposure assessment was often based on predefined
scenarios including fixed, uniquely defined large regions. This approach, also referred to
as lumped models (Moore et al. 1993), may underestimate threats at one place and
overestimate threats at another. Through the parameterization of models with spatial
data, modelling outcomes can be made more realistic (Jelinski et al., 1994).

In the modelling of regional pesticide exposure the modelling purpose should be kept
in mind. The modelling purpose in this study is the integration of the modelling
functionality in the SDSS called EUPHIDS, developed in the context of the European
Pesticide Project. The research component developed will enable users of the system to
perform ‘What-if’ type of decision analysis. For the modelling of the leaching into the
groundwater different ways of modelling at the research level and in EUPHIDS have
been applied. This distinction was necessary to make implementation in EUPHIDS
feasible. In this chapter attention will be paid to these different approaches. 

The structure of this chapter is as follows. First, Section 7.2 will deal in general terms
with pesticide exposure and particularly the spatial aspects of this exposure. Section 7.3
discusses the spatial modelling of exposure. Model and spatial data availability and
characteristics and the modelling purpose are the main determinants in this selection
process. Then, Section 7.4 will address the pesticide exposure routes and the spatial
modelling approach selected in the European Pesticide Project. This section will also
explain the adjustments that were necessary to make this exposure assessment
component suitable for use in EUPHIDS. This methodology will be illustrated by means
of one specific exposure route: the leaching process (Section 7.5). In Section 7.5.3 the
methodology selected will be applied to generate pesticide exposure levels for the
Netherlands. In Section 7.5.4 some of the outcomes will be presented, as well as the
outcomes of a sensitivity analysis on the adjustments made for implementation in
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EUPHIDS. In Section 7.5.5 will comment on the development of multi-scale exposure
levels for the European, national and regional scales. Section 7.6 will give some
conclusions.

7.2 Pesticide exposure and spatial aspects 

Two aspects are relevant when analysing pesticide effects in a spatial context: the
spatial distribution of sources of pollution and the spatial distribution of the (non-target)
receptors. With respect to the sources of pollution, pesticide use is regionalized, due to a
regional agricultural pattern and more specifically to a regional crop and disease pattern,
as seen in Chapter 5. These aspects, among others, determine the type of pesticide
applied together with its dose, frequency and mode of application. Non-target receptor
groups can be split up into human and environmental receptor groups. The
environmental receptor group can be considered at different hierarchical levels: from
single species up to ecosystems (e.g. aquatic ecosystems, terrestrial ecosystems and
groundwater). Threats to aquatic ecosystems and groundwater are considered not only as
environmental effects but also as human health effects, as both are an important source
of drinking-water. The presence and characteristics (e.g. the degree of vulnerability to
pesticides) of these ecosystems will vary regionally, which is relevant information in the
assessment of exposure.

The location of the source (the field of application) can be the same as the location of
the non-target receptor (like soil organisms living in/on the field of application), but
more often the location of the receptor will be different from the location of the field,
and thus imply a non-target area. The distance between the area of application and the
non-target receptors indicates the spatial scale of exposure. This scale effect is caused
by environmental dispersion processes, as already shown in Figure 5.1 (e.g. interception
– the uptake of a pesticide by the crop – drift, volatilization, leaching, run-off, drainage,
base-flow and surface water flow). As seen in Chapter 5, a differentiation can be made
between local scale effects (e.g. aquatic and terrestrial ecosystems exposed by drift and
run-off from an adjacent field) and regional up to international scale effects (e.g. the
food and drinking water route to the general population). This spatial scale of the
exposure route will be determined by several factors, such as the method of pesticide
application (granules, spray drift or aeroplane application), and the environmental
conditions underlying pesticide exposure processes (soil characteristics, weather
conditions, presence of surface water).

Although the focus in this study is on spatial aspects, of course temporal aspects also
play a relevant role in the assessment of pesticide exposure, as the response times of the
pathways are not alike. Volatilization, spray drift and run-off are important over a period
from immediately after application until a few days after application. Drainage (via
artificial drains) typically has a response time of several months to a few years, while
base-flow has a response time of several decades.
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7.3 The spatial modelling of pesticide exposure

   The first step in spatial modelling is the investigation and description of real-world
objects and processes, like those discussed in the previous section. In order to assess
pesticide exposure, models are needed to simulate the fate and transport of pesticides in
the various environmental compartments (air, soil and water). The outcomes of the
model indicate the exposure levels in these compartments, also referred to as Predicted
Environmental Concentrations (PECs). Processes can be described in various ways, e.g.
as point models (like most leaching models which are based on a soil column taken
from a representative region), but also as line models (for instance, to model run-off or
drift). In two-dimensional spatial modelling of exposure routes two basic approaches
can be considered (see Figure 7.1):

Figure 7.1: Two approaches in spatial modelling pesticide exposure (s = source, r =
receptor).

- Approach A: spatial modelling taking into account spatial interactions between the
locations of source and receptors (e.g. the watershed model AGNPS; Engel et al.,
1993); and

- Approach B: spatial modelling, assuming the location of source, receptor and
pathway to be located within a single spatial object (thus leaving out spatial
interactions).

Approach A results in a more realistic estimation of pesticide exposure. Approach B
makes more assumptions with respect to the location of source, receptor and pathway. In
Approach A, regional outcomes are obtained by the spatial model as well as the data. In
Approach B, regional outcomes are obtained through the spatial parameterization of the
model for each areal unit. This parameterization can consist of variables determining the
exposure route, such as slope or soil type. Where spatial data on sources (pesticide use)
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or receptors (e.g. presence of groundwater) are available, this latter approach can be
further refined with map analysis and thus be made more realistic. Besides the
characteristics of the process considered, the choice of a particular modelling approach
is dependent on several other factors, of which the most important are: the type of model
available, the spatial data availability and the modelling purpose (cf. Figure 7.2). 

 

Figure 7.2: Three determinants in the selection of a spatial modelling approach.

Concerning the first factor shown in Figure 7.2 model availability, the basic
assumptions and methods of the model determine which approach to use and to what
extent it can be used. This might concern the scale for which the model is designed to
work. It is obvious that an aggregated model cannot be used for Approach A. With
respect to the second factor, spatial data availability, Approach A is also more data
intensive than Approach B. Data on the location of source and receptors is required in
order to be able to model interactions between them. When spatial data at the correct
spatial scale and level of generalization is missing, an option is to choose a more rough,
less data intensive, modelling approach, like Approach B. The purpose of the modelling
activity is the third main factor in the selection of the modelling approach (cf. Figure
7.2). In spatial modelling it is important to keep in mind what type of information is
needed, and in what way the decision maker will have access to the information. If
detailed accurate information is required on the exposure levels, Approach B will
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probably not be an appropriate choice, as it results merely in indicators. Where
information is needed about large regions, Approach B would be more useful. With
reference to these three determinants, it can be said that in general, Approach A is most
suitable for smaller areas for which detailed data is available, while Approach B is better
for larger areas, with more global data. Also it is relevant to consider the information
system in which the model component is used; an SDSS environment will generally
require fast processing to support the interactivity with the system. In such a case, a
more global approach, such as B, would be more favourable.

After the selection of the modelling approach and the model type the development of
the spatial data model can begin. As seen in Section 3.2, spatial data modelling is the
process of discretization that converts complex geographic reality in to a finite number
of database records or ‘objects’ (Goodchild, 1993). We will limit our remarks here to
the resolution of the areal unit. Model characteristics will put constraints on this spatial
representation of the attribute. Spatial modelling of processes like run-off and drift
according to Approach A, where distance is involved, is more complex and the freedom
to select the scale of modelling will be limited. In general it can be said that Approach B
will offer more freedom in the selection of the spatial resolution than Approach A. A
point model, like most leaching models, can in principle be parameterized by any areal
unit as long as homogeneity of the unit is guaranteed. Nevertheless, the degree of
freedom in the case of Approach B can be constrained, as the spatial scales of the
process considered should be the same or smaller than the size of the areal unit. If drift
distances of 0 to 50 metres from the field of application to the receptor are considered,
the resolution of the areal unit should be at least this size. From a data perspective, the
spatial appearance of an object in the real world is relevant in the selection of an
appropriate spatial representation. This issue is related to the heterogeneity or
homogeneity of an object. As with models, spatial data is characterized by scale
dependence. Climatological phenomena, for instance, will show less spatial variation at
the local scale, compared with national and continental scales.

Existing geo-data sets are often aggregations of original data. Thus, spatial data can
already contain some averaged values. This stresses the need for appropriate meta-
information on spatial data layers in order to know their usability in the analysis.
Knowledge of the uncertainty of spatial data and models in this respect is relevant in the
process of generating correct information for the decision maker (Burrough, 1992).
Analysis of the errors in model output related to variation in spatial input data and
variation in model parameters can give further information about the usefulness of the
information. If this information is not correct, such an analysis can give clues about how
to improve spatial modelling: e.g. searching for better, or more detailed input data
(Burrough, 1992; Heuvelink, 1993). However, the focus in this study will not be on
error propagation. 

The remainder of this chapter will focus on the selection of the spatial modelling
approach in the European Pesticide Project, the optimization of modelling functionality,
needed to make integration in EUPHIDS feasible, and the testing of the sensitivity of
modelling outcomes for these optimizations.
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7.4 Spatial modelling of pesticide exposure in the European
Pesticide Project

The exposure routes selected in the European Pesticide Project result in the Predicted
Environmental Concentration (PEC) of topsoil, groundwater and aquatic ecosystems (cf.
Section 6.5). The PEC of topsoil is calculated by using a factor depending on the
pesticides application method. The PEC of groundwater is calculated by two leaching
models: PESTRAS (Freijer et al., 1996) and PELMO (Klein, 1994). The application of
the PESTRAS model will be further addressed in Section 7.5. The PEC for aquatic
ecosystems is estimated by algorithms considering spray drift and run-off (Beinat and
Van den Berg, 1996). The different PECs are calculated for different time intervals to
account for acute and more chronic exposure.

The three determinants shown in Figure 7.2 played the main role in the selection of
the spatial modelling approach. Based on the model availability and characteristics,
spatial data availability and the modelling purpose (implementation in an SDSS),
Approach B (cf. Section 7.3) was selected. For each areal unit PECs are calculated for
the selected exposure routes, on the assumption that the field of application, pathway
and non-target receptor groups are located within this areal unit. The run-off process, for
instance, could have been modelled with spatial interactions, but such an approach
appeared to be too data intensive and the state-of-the-art of data availability made its use
problematic and of little practical relevance, particularly in an SDSS covering different
spatial scales. Exposure is thus regionalized through the incorporation of spatial data in
non-spatial exposure models. According to the modelling approach selected, the
outcomes of the calculations should merely be considered as indications of exposure.

Space is represented as grid cells (or rasters), as it enables easy and fast map
computation and analysis. Within these grid cells, values (of input data and thus
outcomes) are considered homogeneous. Sometimes no data were available on the
location and characteristics of the spatial input parameters required, particularly with
respect to the national and European scales. In those cases rougher estimates were made
(also referred to as scenarios or model regions). This approach is, for instance, used to
calculate the PEC of surface water, as there was lack of data on the location, frequency
of occurrence, type, size and hydrological and chemical parameters of surface water. In
most cases these scenarios are not spatial. One exception concerns the scenarios used for
the modelling of the leaching process. These scenarios are composed of various spatial
data layers, like soil type and climate characteristics. The input data used for the
exposure calculations to assess the PECs of topsoil, groundwater and aquatic
ecosystems are data related to pesticide properties and use, and spatial data (see Table
6.2).
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Distinction between modelling functionality at the research level and in
EUPHIDS

The modelling purpose is to develop an SDSS that provides the answers to the
questions posed, that generates reliable outcomes, and where data and models can be
easily used. This purpose should be kept in mind during the spatial modelling process.
The first two aspects are related to the general scientific requirements of data analysis
and modelling. They will be dealt with in the subsequent sections. The focus here,
however, will be on the third aspect. Given the functional requirements of model use in
EUPHIDS (like interactivity and speed of calculation; cf. Chapter 6), spatial data
processing at the research and management level had to be differentiated to make
implementation in EUPHIDS feasible. Two distinctions are made.
- A distinction is made between modelling functionality at the research level and

modelling functionality implemented in EUPHIDS. In the latter environment the
functionality is simplified. This relates to the concept of integrated environments as
described in Chapter 4. In EUPHIDS it is applied to the calculation of groundwater
concentrations.

- A distinction is made between grid cell resolution used for the calculations at the
research level and in the SDSS. The adaptation of the grid cell resolution in
EUPHIDS appeared to be necessary mainly for reasons of faster processing and map
visualization.

To further illustrate these differences in spatial modelling, the next section will use as
an example the modelling of the leaching process with the PESTRAS model, which
results in the PEC of the groundwater. This example is chosen as it demonstrates the
two distinctions listed above.

7.5 Example: spatial modelling of groundwater pesticide 
concentrations

 Leaching into the groundwater is one of the dangers of the use of pesticides. It is also
one of the criteria used in the pesticide admission procedures. Nowadays, there are a
number of process models that simulate the leaching of pesticides into the groundwater
(e.g. Boesten and Van der Linden, 1991; Pickus and Hewitt, 1992). Some of the input
parameters are actually spatially distributed entities. Therefore, the resulting
vulnerability of the soil to pesticide leaching is a phenomenon that shows spatial
variability. The integration of different types of spatial data makes GIS a valuable
instrument to build a spatial model for the leaching of pesticides. This has been
demonstrated by several studies (Padding and Van Veldhuizen, 1991; Pickus and
Hewitt, 1992; Douven et al., 1993b; Tiktak et al., 1996a).
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7.5.1 Modelling the leaching process: the PESTRAS model

The leaching processes take place in soil and groundwater compartments. Depending
on the characteristics of both the soil and the pesticide itself, the pesticide may be
transported into the groundwater by means of infiltrating (rain)water. During
transportation through the unsaturated layer, sorption and transformation will take place.
Sorption is mostly predominant in the upper part of the soil. It acts to extend the stay of
the pesticide in the unsaturated zone, which will increase the chance of transformation.
Once the pesticide has reached the groundwater, transportation will take place, both
horizontally and vertically, to a certain extraction point.

The PESTRAS model (Freijer et al., 1996) is based on PESTLA (Boesten and Van
der Linden, 1991), the officially adopted model for calculating leaching in the pesticide
admission procedure in the Netherlands. PESTRAS simulates the fate and transport of
pesticides in the upper soil layer. The main parameters of PESTRAS are the sorption
constant of a pesticide on an organic matter basis, the half-life time as a result of
transformation of the pesticide, and the organic matter content of the top metre of the
soil. Also the bulk density of the soil, the hydrological properties of the soil, the
temperature of the soil, precipitation and evapotranspiration are taken into account in
the model. See Figure 7.3 for an overview of the model characteristics. The model
outcome is the concentration of a pesticide in the upper groundwater layer. The model
was developed on a one-dimensional soil profile under specific climatological
conditions and validated on two sandy soils in the Netherlands (Boekhold et al., 1993;
Van den Bosch and Boesten, 1994). For a detailed description of the model, the reader is
referred to Boesten and Van der Linden (1991) and Freijer et al. (1996).

7.5.2 Applying the spatial leaching model research component
at the research level and in EUPHIDS

In the situation of the Netherlands, initially use was made of one standard situation to
calculate the leaching of pesticides into the groundwater. In other words the Netherlands
was represented by one model region (referred to as the lumped approach in Table 7.1).
The availability of spatial data and spatial handling functionality in GIS, however, made
it possible to spatially parameterize the leaching model by identifying more then one
model region. The selection of the number of model regions used is dependent on the
data availability. Tiktak et al. (1996a), for example, identified unique grid cell
combinations of the relevant spatial variables (soil texture, organic matter content,
groundwater depth class, land use, climatology), and thus constructed 897 model
regions (spatially-distributed parameterized modelling; Table 7.1). The PESTRAS
model is applied to these 897 regions and the results are visualized in a GIS
environment. This approach will normally give the most accurate predictions, but it is
rather time-consuming and is highly spatial data demanding. This is something which
can only be dealt with in a research environment. As explained in Chapter 6, EUPHIDS,
is designed to provide fast processing to allow interaction with the modelling
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functionality and to give access to a number of diverse models. For these reasons, an
optimized approach has been chosen for implementation of the groundwater exposure
assessment in EUPHIDS. This more global approach makes use of less model regions.
In EUPHIDS a further spatial refinement of the regions takes place. This refinement is
based on regression functions between model inputs and PESTRAS model outputs. This
method is also referred to as meta-modelling, and will be further explained below.

Figure 7.3: Overview of the PESTRAS v3.1 model (Source: Freijer et al., 1996).
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Approach Identification of  Differentiation Purpose
model regions inside model region 

Lumped 1 -

Spatial parameterized modelling 1 .... n - Research

Spatial parameterized 1 .... n based on percentage EUPHIDS
meta-modelling of organic matter

Table 7.1: Approaches in modelling groundwater concentrations at the research level
and in EUPHIDS.

Figure 7.4 shows the three-step approach to arrive at the PEC of groundwater map,
based on the meta-modelling procedure:
(I) The representative soil, climatological and land use characteristics of a region are

identified in GIS by integrating and reclassifying the relevant spatial data layers. 
(II) The characteristics of the model regions together with the characteristics of the

pesticides (e.g. the sorption coefficient and the half-life of the pesticide) are input
for PESTRAS. PESTRAS calculates the PEC of the groundwater for this standard
situation. Further, the testing is done of other (hypothetical) sorption coefficients
and half-life times in relation to the standard soil. This results in a leaching table
indicating the PECs for a number of unique combinations of sorption coefficients
and half-life times (see Figure 7.5 for an example of such a table). 

(III) These tables are the actual input in EUPHIDS. Here, the modelling outcomes of
single soil-climate model regions are further regionally differentiated. This
regionalization takes place on the basis of the percentage of organic matter map
which indicates the sorption coefficient per grid cell. For every local area of
organic matter a converted sorption coefficient is calculated by relating this
organic matter value to that of the standard soil and multiplying this with the
sorption constant of the pesticide. This gives in formula:

K =  M  / M  * Kom om,s om

in which:
K = sorption coefficient converted to that of standard soil
M = mass fraction of organic matter in the topsoil of the local areaom
M = mass fraction of organic matter of the standard soilom,s
K = sorption constant of the pesticide (the partitioning coefficient of the pesticide betweenom

the soil solution and the organic matter of the soil)

The converted sorption coefficient is used (in combination with a given half-life
of the pesticide) to read the concentration values from the soil-climate scenario
leaching tables resulting from the PESTRAS model. The result is the PEC of
groundwater map.
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Figure 7.4: Schematic diagram of the spatial modelling of pesticide leaching
(K =sorption constant of the pesticide).om

The transfer functions of the leaching tables (Figure 7.5), used in this meta-modelling
approach, are based on one single spatial parameter: the percentage of organic matter.
This actually puts limits to the use of the method. The percentage of organic matter is an
important parameter for those pesticides with medium mobility. It is less suitable for
pesticides which are highly mobile (such as Bentazone). Tiktak et al. (1996a) and Tiktak
et al. (1996b) show the dominant parameters for various pesticides, based on the more
detailed analysis described in this section. This information should be taken into account
when generating transfer functions for different pesticides. The procedure outlined in
this section will be followed to generate regionalized PEC levels of groundwater for the
Netherlands in EUPHIDS. The pesticide under consideration is Atrazine, a herbicide
used particularly in fodder maize, with a default dose of 1 kg/ha.
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7.5.3 Development of the spatial data model: the Netherlands

The input variables used to generate regional information on the levels of
groundwater concentration in the Netherlands are (Table 6.2, Figure 7.4):
- spatial data to identify model regions; and
- the percentage of organic matter in the top metre of the soil in order to further

differentiate groundwater concentration levels within model regions.

Figure 7.5: Example of a leaching table for spring applications. Concentrations in
groundwater are given as a function of DT50 values and sorption coeficcients for spring
applications. The contours give the concentrations in µg/l.

The model regions are constructed on the basis of different spatial data layers (soil,
groundwater and land use characteristics). Climatological conditions are considered here
as non-spatial. For the Netherlands seven scenarios have been composed. Table 7.2
shows the main characteristics of the seven Dutch scenarios, while Figure I.3, Appendix
I shows a geographical representation of these scenarios.

The percentage of organic matter in the soil is the spatial data layer used to further
refine the modelling outcomes within the soil-climate regions in EUPHIDS (step III,
spatial meta-modelling; Figure 7.4). Data is derived from the soil map of the
Netherlands, scale 1:250,000 (De Vries, 1993), which is based on field measurements
for a soil layer of 1-100 cm. The attribute used is the mean percentage organic matter.
The soil map has a vector data structure and had to be converted to the grid data
structure in order to use it in the modelling approach selected. Visual analysis of the
map led to the selection of a grid cell size of 2500 by 2500 metres.
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Number Soil type % organic matter Groundwater level Climate station Representative
crops

1 Sand <3 1.0 m De Bilt (1980) Maize, bulbs
2 " 3-6 0.8 m " Beets, grain
3 Peat >6 0.85 m " Grains
4 Loam <3 no data 1 m " Maize
5 Clay " 0.9 m " Beets,potatoes,

grains
6 " 3-6 0.8 m " "
7 " >6 0.9 m " "

Table 7.2: Seven soil-climate model regions for the Netherlands.

The following section will describe and show the modelling outcomes for the
Netherlands. In addition, some limited sensitivity analysis will be described as an
example of how the sensitivity of modelling outcomes can be analysed for:
- variation in the percentage of organic matter value;
- different spatial resolutions of the percentage of organic matter map;
- the distinction made between groundwater modelling at the research level and in

EUPHIDS (cf. Section 7.5.2).

The latter two issues are particularly relevant for the implementation of the modelling
functionality research components in EUPHIDS.

7.5.4 Modelling outcomes and sensitivity analysis: 
the Netherlands

Figure I.4 Appendix I shows the calculated groundwater concentrations of the
pesticide Atrazine (dose 1 kg/ha). The spatial pattern of the groundwater concentrations
highlights that sandy soils in particular are the most sensitive areas to leaching. Table
7.3 gives some statistics: the relative area of four groundwater concentration classes (in
percentages). Anticipating Chapter 7, which addresses the evaluation of exposure levels,
the reference value applied by the European Union is 0.1 µg/l. For the sensitivity
analysis Table 7.3 represents the reference situation: the mean value of the percentage of
organic matter, seven model regions and a grid cell resolution of 2500 by 2500 metres.
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PEC of groundwater (µg/l)

< 0.01 0.01 - 0.1 0.1 - 1 > 1

Reference situation: 25.5 37.0 28.7 8.8
- mean % of organic matter
- 7 model regions
- grid size 2500 by 2500 metres

Table 7.3: Relative area per class of PEC of groundwater for Atrazine: reference
situation.

The spatial data layer used to further regionally differentiate model region outcomes
is the percentage of organic matter map (Soil map of the Netherlands at a scale of
1:250,000, De Vries 1993). Besides the mean percentage of organic matter, the map also
shows the minimum and maximum organic matter values to give an indication of
variations within these sub-layers. In the reference situation the mean value of organic
matter in the 1 metre soil layer has been taken as model input. Figure 7.6 shows the
results based on these mean organic matter values, together with the minimum and
maximum values. The number of model regions and the grid cell resolution is similar to
the reference situation. The results show that the percentage of organic matter map is a
highly relevant parameter in modelling the leaching of the pesticide Atrazine. It shows
the high sensitivity of the modelling outcomes for different attribute values. This means
that the selection of the right attribute value is very important. Data quality checks on
available data are required to know the underlying assumptions and to assess what value
of the percentage of organic matter is the most appropriate to use. Should the decision
makers want to base decisions on ‘worst-case scenarios’, e.g. in the case of the pesticide
Atrazine, the calculation on the basis of the maximum organic matter value would be
more appropriate than the mean value.

As described in Section 7.5.2, a limitation of the way the meta-modelling approach is
applied is that it can only be used for a certain subgroup of pesticides. To illustrate
potential misuse of the approach for pesticides with a highly mobile character, Figure
7.7 shows the sensitivity of modelling outcomes for variations in the attribute ‘organic
matter’ for the pesticide Bentazone. The figure shows the minor relevance of this
parameter for Bentazone. The shape of the curve clearly shows the seven model regions,
and inside these model regions no further differentiation can be detected. To enable
application of compounds like Bentazone, other parameters (such as temporal variability
of weather conditions) should be used to generate and use transfer functions (cf. Section
7.5.2).
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Figure 7.6: Cumulative frequency distribution of the PEC of groundwater for Atrazine:
sensitivity of modelling outcomes for different values in the percentage of organic
matter (OM) map.

Figure 7.7: Cumulative frequency distribution of the PEC of groundwater for Bentazone:
sensitivity of modelling outcomes for different values in the percentage of organic
matter (OM) map.
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Also the sensitivity of modelling outcomes for different spatial resolutions of the
percentage of organic matter map was tested. Figure 7.8 shows the frequency
distribution of model outcomes for different grid cell resolutions (based on seven model
regions and the mean value of the percentage of organic matter).

Figure 7.8: Cumulative frequency distribution of the PEC of groundwater for Atrazine:
sensitivity modelling outcomes for various grid cell resolutions (in meters) for the
percentage of organic matter map.

The grid cell maps have been generated by means of the area weighed-averaging
procedure. The test results show that grid cell resolutions of 250 by 250 metres up to 5
by 5 kilometres have quite similar results. The resolution of 10 by 10 kilometres,
however, shows different results. Although this test is limited, it can be argued that the 5
by 5 kilometre grid cell resolution is the maximum resolution which should be used in
analysis. In a more in-depth analysis, several techniques can be applied to detect errors
in the rasterization of vector maps (see Bregt et al. 1991 for the detection of these errors
for the digital soil map of the Netherlands (scale 1:50,000); see also Carver and
Brunsdon, 1994).

Further, it was tested to what extent differences can be found between the two
spatially-distributed parameterized modelling approaches shown in Table 7.2. In the
reference situation seven model regions were selected. In the sensitivity analysis this
reference situation is compared with the findings of Tiktak et al. (1996b) who defined
model regions as unique combinations of a set of spatial variables (Section 7.5.2). Table
7.4 shows the results for the pesticide Metamitron (Cornelese and Van der Linden,
forthcoming). The grid cell resolution and values for the percentage of organic matter
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map are similar to the reference situation.

PEC of groundwater (µg/l)

< 0.01 0.01 - 0.1 0.1 - 1 > 1

Spatially-distributed parameterized
modelling:

897 model regions (Tiktak et al. 1996b) 91.9 2.2 2.5 3.4

Spatial-distributed parameterized
meta-modelling:

7 model regions 83.1 9.7 5.4 1.8

Table 7.4: Relative area per class of PEC of groundwater for Metamitron: sensitivity
modelling outcomes for various numbers of model regions (Cornelese and Van der
Linden, forthcoming).

For the pesticide Metamitron it can be said that results are quite similar. The test is
obviously rather limited. It should be extended to take into account a wider variety of
model regions. Moreover, the sensitivity of other pesticides in different modelling
approaches should be tested.

7.5.5 Development of the multi-scale spatial data model

The aim of the SDSS EUPHIDS is the generation of information on pesticide
exposure levels at different decision scales: Europe, national (the Netherlands,
Germany, Italy) and regional (Hupselse Beek in the Netherlands, Kreis Soest in
Germany and Parco Sud di Milano situated in Italy). In the previous two sections the
Netherlands has served as an example of the national scale. Three different procedures
can be identified to arrive at multi-scale information (Nijkamp and Scholten, 1993).
These procedures are shown in Figure 7.9.

The first procedure pre-processes and processes exposure levels at a detailed level
(regional) and subsequently aggregates the results to the required multi-scale
resolutions. The second procedure first aggregates regional input data (like the
percentage of organic matter map) to the national and European scale and subsequently
integrates the resulting spatial input data layers of different resolutions with the
PESTRAS model. The modelling outcomes will show the required differences in spatial
resolution. The third procedure, as a starting-point, uses spatial data layers of different
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resolutions. These data layers have actually already been aggregated (e.g. the soil map of
Europe based on national soil maps), but this aggregation takes place beyond the control
of the researcher. These spatial data sets are input to PESTRAS, resulting in different
spatial resolutions of the pesticide exposure levels.

Figure 7.9: Three modelling procedures for generating multi-scale exposure level
information (adapted from Nijkamp and Scholten, 1993).

The initial idea in the European Pesticide Project was to apply Procedure I to obtain a
high level of consistency between the groundwater concentration levels at the different
scales. The difference between Procedures I and II could be relevant with respect to
processing time in the SDSS, and possibly multi-scale consistency. This has not been
analysed further, as these procedures have not been chosen, due to their spatial data
intensiveness. To collect all the spatial data required (cf. Table 6.2 and 6.4) at a detailed
resolution for the whole of Europe was not considered feasible. Procedure III is actually
better matched to the spatial data availability. Moreover, Procedure III resulted in faster
calculations in the SDSS, as the European data level is represented by larger grid cell
units than the regional and national scales. A third advantage of this approach is that the
adding of new regions in the SDSS environment is facilitated. 

For the reasons mentioned above, in the European Pesticide Project according to
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Procedure III a multi-level spatial data model is developed for the assessment of
pesticide exposure for the different management scales. The spatial data layers required
for this assessment are collected for these regions. Procedure III can, however, easily
result in inconsistencies due to different sources and characteristics of the spatial data
used. To illustrate this, the percentage of organic matter map is used, since it is an
important spatial parameter in the spatially-distributed meta-modelling approach (cf.
Section 7.5.2). Different data sources of this map have been used at various
management scales. As an example of this, Figure 7.10 shows two maps: the one on the
left is derived from a European map (Fraters et al., 1993), the other is from the Soil Map
of the Netherlands at a scale of 1:250,000 (De Vries, 1993).

Figure 7.10: The same areal section of the European (left) and the Dutch (right) organic
matter maps. Not only is detail lost in the European map, but patterns also differ and
values are higher in the detailed map.

Visual comparison of the two maps of Figure 7.10 shows extremely large differences.
After examination of source material, several differences in compilation appeared. The
European organic matter map is based on estimates and provides information about the
upper 30 cm of the soil. The Soil Map of the Netherlands is based on field surveys and
describes the upper metre of the soil. The generation of leaching tables  (see Figure 7.4)
needed some corrections to allow comparisons between the multi-scale modelling
results.

Hence, the main point of attention in applying Procedure III is the quality of the data.
Checks have to be carried out to see whether the meaning of the data layers is the same
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at all scales. This is a strong argument for the good documentation of spatial data layers
in, for example, meta-information systems. The use of a nested grid cell approach or
hierarchical grid data model (Laurini and Thompson, 1992; Jelinski et al., 1994) could
help to avoid the problems observed. In these concepts spatial objects on a single level
are related hierarchically to lower and higher levels, and this minimizes inconsistencies
between these levels. Discussions in the context of ‘multiple representations’ (e.g.
NCGIA Initiative 3 ‘Multiple Representations’) are related to these concepts.

7.6 Conclusions

This chapter has described the spatial modelling of the environmental exposure of
pesticides. Compared to the classic, lumped, approach, the spatially-distributed
parameterization of exposure models results in more realistic (regional) pesticide
exposure levels. Spatial data and GIS technology play an important role in this respect.
GIS offers functionality to store relevant spatial data layers, and to integrate data layers
from disparate sources into one consistent spatial data model. As seen in this chapter,
this functionality enables the researcher in, for instance, the preparation phase of
leaching modelling, to identify unique model regions, as well as to visualize results in
an attractive format.

The spatial modelling method applied in the European Pesticide Project does not take
spatial interactions into account. Source, pathway and receptor are assumed to be
located inside each grid cell (Approach B, Figure 7.1). The choice of this approach was
partly due to the lack of spatial models, and the lack of ‘less general’ spatial data sets.
For this reason incorporating spatial interactions at all scales would be a problem. At all
three management scales (Europe, national and regional) the same models were applied,
using the same set of spatial data layers (cf. Figure 7.9). In a more realistic situation
models would be scale dependent: the modelling of surface water concentrations at the
regional scale by incorporating spatial interactions, at larger scales without. Such an
approach would also better reflect the different information demands at these scales.

Another reason for selecting a more general modelling approach is the modelling
purpose. The modelling purpose in this study is implementation of the modelling
research component in EUPHIDS. For this reason the modelling of groundwater
exposure levels at the research level and in EUPHIDS have been treated in a different
way. EUPHIDS consists of a more simple approach, which restricts processing to the
interpretation of the PESTRAS model outcomes. Advantages of such an approach are
faster processing and more possibilities for interaction. This distinction in modelling
functionality at research and management levels relates to the concept of integrated
information systems, which consist of different modelling functionality subsets to serve
different user demands, as addressed in Chapter 4. 

This present chapter also showed, as an example, some sensitivity analysis based on
variations in the spatial data model and the two modelling approaches mentioned above.
It was not the purpose to give a broad extensive overview. The intention was merely to
demonstrate the need for such analysis. The main conclusion that can be drawn from the
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sensitivity analysis is the strong difference in sensitivity to variation in the percentage of
organic matter for the pesticides Atrazine and Bentazone. This sensitivity shows that the
meta-modelling applied is not suitable for all pesticides. If the decision maker needs
information on, say, the pesticide Bentazone, the meta-modelling approach applied here
needs to be adjusted (cf. Section 7.5.4). A conclusion that can be drawn from this is that
implementation of such research components in an SDSS environment should be
carefully guided by research. Built-in expert knowledge or warning messages could be
options. 

Several examples in this chapter pointed to the relevance of checking data quality, to
know whether the spatial input data is appropriate for the analysis, and whether this data
results in the required information for the decision maker (e.g. correct choice of attribute
and resolution of attribute). This is relevant for single-scale assessments, like that for the
Netherlands, but also for multi-scale assessments, as described in Section 7.5.5.
Standardization of map layers at different scales is an important way of avoiding the
problems described in this section. Also the use of meta-information systems plays a
very crucial role in the data quality issue in order to judge the quality of spatial data and
thus be able to assess whether the data suits the analysis and ultimately the decision
process.

In Chapter 2 three environmental research areas have been distinguished: basic
research, applied research and management application. The groundwater modelling
described in this chapter reflects all three phases. PESTLA can be considered to be part
of the first group, PESTRAS is already suitable for larger regions and is an example of
more applied research. The third research activity is the development of management
applications, such as EUPHIDS. This chapter described the way groundwater modelling
takes place in these three steps. The main conclusion is the importance of good
communication between research and management to guide the transfer of research
components to management applications.
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CHAPTER 8         

The position of EUPHIDS
in the infrastructure framework

8.1 Introduction

The assessment and evaluation of regional pesticide exposure levels is a broad
research field. Different research areas develop research components that are concerned
with providing a part of the information needed to support decision making in this
context. The European Pesticide Project focussed on the development of part of these
spatial research components and the integration of these components. The research level
(developing research components) and management level (using research components)
have different tasks and different IT environment demands. The different tasks have
been the subject of the past two chapters. Chapter 6 described the functional and spatial
data requirements for the integrated information system EUPHIDS. Then, Chapter 7
described as an example the development of one research component (environmental
exposure modelling), and how it was optimized to make its use in an environment like
EUPHIDS feasible. 

Communication between these different actors at a functional and spatial data level
was a prerequisite to be able to support an initiative like the European Pesticide Project.
The EUPHIDS development process made clear the necessity for this communication at
both these levels. The focus in this chapter will be on the role of the functional and
spatial data infrastructure, as described in Chapter 4, in supporting the development of
research components and making them accessible for pesticide risk management.
Section 8.2 discusses the different actors in the European Pesticides Project, their tasks
and GIT environment demands: Section 8.2.1 focusses on the actors at the research
level, Section 8.2.2 on the actors at the management level. Section 8.3 will be devoted
to the role of the infrastructure framework in this process: Section 8.3.1 considers the
functional infrastructure, Section 8.3.2 the spatial data infrastructure. Finally, Section
8.4 will conclude this chapter.

8.2 The European Pesticide Project and the different GIT
environments

Figure 8.1 shows the actors in the European Pesticide Project involved in the
development and use of research components needed to assess and evaluate pesticide
exposure. For each actor the GIT environments (with functionality demand) are given,
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and the research components which are developed (functionality and (spatial) data).
Functionality components are divided into spatial data handling, modelling and
decision-support. Section 8.2.1 will be devoted to the research activities carried out to
develop EUPHIDS. As explained in Chapter 4, the research activities reflect the
transformation process from data to information, whereas the users make use of
components developed by others to develop their own research components. All these
activities add further value to the spatial data. This flow of functionality and (spatial)
data is indicated in Figure 8.1 by means of the arrows. Section 8.2.2 will describe how
these components have been integrated in EUPHIDS.

8.2.1 Research: the development of EUPHIDS research
components

To support both modelling and decision-support research activities and EUPHIDS
data is required. We will focus here on spatial data. Spatial data model development
appeared to be a time-consuming process in that it involves extensive data gathering
activities and a large number of highly specialized operations, such as projections,
interpolations and overlays. In the pesticide project the first activity was the collection
of spatial data sets. For the larger areas (e.g. Europe, the Netherlands) only global data
was available. In some cases specific data layers were not available (such as data on the
presence of surface water, particularly ditches and ponds) which meant that modelling
assumptions had to be made (cf. Chapter 7); in other cases it was difficult to cover
complete regions, for instance the European Union, with all required spatial data sets.
For most of the test regions (Hupselse Beek in the Netherlands, Parco Sud di Milano in
Italy and Kreis Soest in Germany), spatial data was not available and had to be digitized
from maps. After storing the spatial data sets required for exposure assessment,
exposure evaluation and presentation (cf. Table 6.2 and 6.4), the spatial data integration
process could take place. As data was coming from various sources with different data
structures, these data structures had to be made consistent. Climatological data, for
instance, is data obtained from weather stations having a point data structure. So,
interpolation routines were applied to transform point information into areas. This
spatial data set was, for instance, one of the data sets needed to construct model regions
for the spatial modelling of groundwater exposure (cf. Chapter 7). This was achieved by
integrating the climatological data set with data on soil characteristics and land use by
means of overlay techniques, and reclassifying the combined data layers. All spatial data
layers were transformed to the grid data structure. This common data structure made
integration, classification and further analysis operations more feasible.
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The spatial data collection, storage and preparation activities were carried out by
spatial data managers and spatial modellers. A GIS environment was needed offering a
wide variety of functionality to perform the tasks described above. In the project,
workstation and PC versions of Arc/Info (Environmental System Research Institute,
Redlands, USA) were used for this purpose. The results of these spatial data handling
activities are ready-prepared spatial data sets per region (Europe, the Netherlands, Italy,
Germany and the three test regions) that are used by the spatial modeller and the
decision-support analyst and are implemented in EUPHIDS for use by management (cf.
Figure 8.1).

One of the main modelling activities, as explained in Chapter 7, was the spatial
parameterization of human health and environmental exposure models. As described
above, spatial data models were either prepared by the spatial data manager or by the
spatial modeller himself. The models PESTRAS and PELMO used for the calculation of
groundwater concentrations, are written in C, and run on workstation and PC
environments. Particularly these model-runs are very time-consuming, and thus needed
to be optimized for use by decision-support analysts and for implementation in
EUPHIDS (cf. Chapter 7). Also other exposure models have been implemented in
EUPHIDS in optimized format. The main results of the modelling activity are the
(optimized) exposure models, related model input and pesticide properties files, and in
addition for the groundwater calculations leaching tables.

The decision-support functionality can be divided into exposure evaluation and
presentation functions. Both are developed in smaller, more accessible computer
environments. IDRISI (Clark University, Worcester, MA, USA) was, for instance, used
for the development and testing of some of the presentation functions because of its
easily accessible character and the availability of spatial analysis and evaluation
techniques. With respect to the presentation component, use was made of the existing
program XY (Van Heerden and Tiktak, 1994), which already consisted of various
techniques for visualizing spatial information and generating statistical information. In
the project this functionality was further extended. XY is written in C. The spatial data
sets used as input for these activities are the intermediate spatial data sets generated by
the spatial modelling, such as the Predicted Environmental Concentration (PEC) map
for topsoil. The main research components developed were a set of decision-support
techniques, (eco-)toxicological reference values and value functions.

8.2.2 EUPHIDS: the integration of research components

Functionality and spatial data
In EUPHIDS the process of data transformation in relation to pesticide exposure

assessment, evaluation and presentation proceeds in a simplified and structured manner
through the integration of research components (integrated information system: Chapter
4). EUPHIDS, however, integrates a different subset of functionalities than most
research information systems. The modelling functionality is large, consisting of
different models to assess in an integrative manner the exposure of pesticides in
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different environmental compartments, as well as the human health exposure. However,
as explained in Section 6.5 and Chapter 7, exposure models are optimized; the example
of the modelling of groundwater exposure has been used to illustrate this. In the
European Pesticide Project much attention has been paid to the decision-support
functionality, which comprises various evaluation and presentation tools, specifically
tailored for use in EUPHIDS (cf. Section 6.6). The spatial data handling functionality is
very limited, as the input data layers for the exposure assessment are prepared at and
transferred from the research level. Related to the modelling and decision-support
functionality, the spatial data component also needs to be optimized. For the European
scale grid cells have been aggregated (from 2.5 by 2.5 kilometre to 10 by 10 kilometre)
in order to speed up the processing and display of results.

The integration of research components
Given the number of functions that were needed it seemed from the start not very

realistic to opt for a single GIS software package to serve as the basis for the
development of EUPHIDS. The need for a number of specifically tailored components
to support management made the development of EUPHIDS as a new environment a
more realistic project. Moreover, the decision to develop a new system was made
because it gave more flexibility to select hard- and software. EUPHIDS is developed
and runs on a PC environment under the Windows operating system. This is a more
widely distributed and accessible environment than, for instance, the workstation
environment that is used in the project by the spatial data managers and environmental
modeller to store and prepare spatial data sets. What made the development of such a
new application possible was the availability of software on the market to develop this
type of environment in a flexible manner. For the integration of the different research
components (Figure 8.1), Visual Basic (Microsoft) is used which operates under the
Windows operating system. The central element in the development of an application in
Visual Basic is the development of the user-interface. One of the advantages of
beginning with the user-interface in the EUPHIDS project was the possibility of
interactively discussing the functional design of the system within the project team and
with the decision makers themselves. After designing the user-interface calls could be
made quite easily to the different research components. 

The user-interface enables the user of EUPHIDS to have access to the underlying
research components, described in the Sections 6.5 and 6.6. See Appendix II for an
extensive demo-route of EUPHIDS following most of the different user-interface
screens. The design of the EUPHIDS user-interface follows the general user
requirements of transparency, ease of use and interactivity. Transparency is mainly
achieved through the design of the EUPHIDS screens, which are all built up in the same
manner. In general they are characterized by a combined use of windows displaying the
session and model parameters, and windows showing the cartographic representation of
the study area and the output of the models (objective space and map space; Densham,
1991). 

The EUPHIDS screen consists of three parts: the top bar with pull-down menus, the
information box and the main window (see for instance Figure II.2, Appendix II). The
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top bar consists of the general Windows ‘file’ options and options to select a pesticide
and an area and to recall sessions. In addition, the user can invoke the help function by
using the pull-down menu. The information box on the left shows the main steps in risk
assessment and evaluation: ‘initialization’ (of exposure assessment), ‘environment’
(environmental exposure assessment), ‘human health’ (the exposure assessment for the
general population and agricultural workers), ‘evaluation’ (of calculated exposure
levels) and ‘analyse output’ (presentation, statistics, etcetera). The user is informed
about the current step in this procedure by highlighting the related button. The lower
part of the information box informs about the study region, the pesticide and the dose
selected. The main window is used to display and set model parameters, to display and
set specific inputs and to display the results of calculations. As an example, the main
window in Figure II.9 (Appendix II) shows the general outline of the environmental and
human health exposure evaluation. In this window the first button the user can press
(‘toxicological data’) gives access to the eco-toxicological data available in the system.
The buttons underneath will activate the three-level exposure evaluation, as explained in
Section 6.6.1. The spatial character of the decision process is emphasized by displaying
map results on screen after each step in the exposure evaluation, whenever relevant.
This is an important feature in the EUPHIDS user-interface design. After selecting the
evaluation method for the long-term ‘single species’ evaluation (cf. Figure II.9), and
entering ‘OK’, this evaluation is carried out and the user is presented with several maps
showing the risk ratios for the different organisms found in the different environmental
compartments. 

Ease of use of the interface is mainly determined by the consistency element (Gould,
1989, in Coleman et al., 1994). Internal consistency concerns the set of conventions
within an application, for instance using the ‘OK’ and ‘Cancel’ buttons in the same
manner. These considerations are taken into account in the design of the graphical user-
interface elements, such as menus and forms to enter decision variables. External
consistency refers to the use of industrial standards in the application. The development
of EUPHIDS in a Windows environment, with the development software Visual Basic
(Microsoft), ensures consistency with the Windows standards. 

Interactivity is attained through the possibility to select and enter decision variables,
as addressed in Section 6.4. For the sake of transparency the user-interface is, however,
kept simple by limiting the number of decisions. In Figure II.9 (Appendix II), for
instance, the user is given the option to select the evaluation method for the evaluation
of environmental exposure levels for single species: either the Uniform Principles or the
toxicity ratio.

Technical components and structure of EUPHIDS
Table 8.1 shows the EUPHIDS research components, together with the name and

format of the technical formats used. The EUPHIDS format for spatial data is the
Arc/Info export format GRIDASCII. EUPHIDS uses these files after transforming them
into a compressed format. EUPHIDS uses various file formats for non-spatial data sets,
in particular dBASE and ASCII text files. Most functionality is programmed in C code
(e.g. EUPH_GP.EXE, EUPH_AW.EXE, EUPH_ENV.EXE). For visualization of the
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spatial input and output data and additional map statistics, the presentation tool XY is
used (Van Heerden and Tiktak, 1994).

Type Content Name EUPHIDS format

Decision-support

Functionality Exposure evaluation WCOMBINE.EXE C code
Presentation
- visualization XYWIN.EXE “
- statistics FRQDST.EXE "
- spatial aggregation WCOMBINE.EXE "

Non-spatial data Reference values (Various) dBASE IV, ASCII 
Value functions “ ASCII

Spatial data Administrative data “ Arc/Info export
Diet regions “ ”

Exposure modelling

Functionality Environmental exposure EUPH_ENV.EXE C code
Human exposure EUPH_GP.EXE, "

EUPH_AW.EXE “

Non-spatial data Pesticide properties (Various) dBASE IV
Leaching tables “ ASCII

Spatial data Environmental data “ Arc/Info export
Land use data “ "

Table 8.1: Contents and technical characteristics of EUPHIDS research components.

Figure 8.2 shows the relation between the user-interface programmed in Visual Basic
and the various technical components indicated in Table 8.1. Three interrelated levels
can be distinguished: the (spatial) data, processing and user-interface level. EUPHIDS is
thus basically designed in a modular way. This structure very much resembles the three-
layered concept of Donovan (1994), which has the advantage of bringing more
transparency into the programming, as well as facilitating its extension with improved or
new research components like spatial data sets or exposure models. Although the system
is designed in a modular way, the user-interface ensures that the user sees it as a
seamless entity.
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Figure 8.2: Technical components of EUPHIDS and their relations.

8.3 The European Pesticide Project and the infrastructure 
framework

Figure 8.1 shows the different research and management activities covered by the
European Pesticide Project, the actors, their GIT environments, and research
components used and developed (functionality and data). This section will address the
role of the functional and technical infrastructures (as drawn up in Chapter 4) in the
exchange of ideas, concepts and the spatial data components underlying the three
functionality groups.

8.3.1 The functional infrastructure

The aim of the functional infrastructure, as explained in Chapter 4, is the
communication and exchange of ideas, concepts, methods and techniques to improve
cognitive accessibility. In the light of the development of integrated information systems
such infrastructure should stimulate discussions concerning three types of
considerations, which will be discussed below in relation to the European Pesticide
Project and the development of EUPHIDS.
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Considerations in the development of research components
EUPHIDS focusses on the support of the pesticide admission officer in the

assessment and evaluation of adverse pesticide effects. The development of EUPHIDS
was mainly driven by research. One reason for this is the fact that the main aim of the
project was to demonstrate the integration of research components. Another reason is
that to some extent the procedures to be followed were quite structured and clear, as
explained in Sections 6.2 and 6.3. The exposure levels to be assessed and the
evaluations to be made are fixed in national and European (Uniform Principles)
guidelines on the admission of pesticides. These guidelines could be used to get insight
in the problem and identify the functional requirements of a EUPHIDS. Chapter 6
addressed the main research components integrated in EUPHIDS: exposure modelling
and decision-support functionality. Particularly the regionalization of information and
the integration of information on single species and ecosystems, were aspects which
required a more broad discussion with other researchers and decision makers. The
regionalization of exposure levels has been addressed in Chapter 7. To accomplish this
the spatial handling functionality of GIS played a key role at this stage of the project. As
described in Chapter 7 main points of discussion were: what models to implement, how
to deal with data quality and lacking data, and how to deal with uncertainty of modelling
outcomes. With respect to the evaluation research component EUPHIDS supports the
evaluation of exposure, the integration of effects as well as the presentation and analysis
of information through a wide variety of presentation functionality (cf. Chapter 6).
Particularly the use and implementation of the value function techniques to integrate
effect information on multiple categories was an issue which needed additional attention
in the project (Chapter 6; see Beinat, 1995). 

Considerations in the optimization/integration of research components
This aspect played a key role in the preparation of the modelling functionality of

EUPHIDS. It resulted in the selection of a more simplified modelling approach for the
modelling of pesticide exposure levels, more suited for implementation in EUPHIDS
than the one followed at the research level. Also, the spatial data underwent
transformations (aggregation spatial data model for the European scale), so that it could
be put to more practical use in EUPHIDS. Discussion here concentrated on the
modelling methodology to follow in EUPHIDS and how to deal with differences with
more detailed modelling approaches followed at the research level, issues which have
been addressed in Chapter 7.

Considerations in user-interface design
Feedback on the general concepts of EUPHIDS, and particularly the user-interface

reflecting these concepts, was sought mid-way in the project, by means of a workshop
held in the second year . At that time the project was at the stage where the concepts and1

functionality of the system were more elaborated and could be presented in multi-media
presentation tools. Also a start had already been made with the design of the EUPHIDS



     Workshop on Pesticides: policy measures to control environmental impacts from agriculture,2

Wageningen Agricultural University, 24-27 August 1995, Wageningen, the Netherlands.

EUPHIDS workshop: scientific background and use in admission procedures, Wageningen
Agricultural University, 23 January 1996, Wageningen, the Netherlands.

Assessment of pesticide impact on the environment: development of decision support systems, 18
January 1996, Rome, Italy.
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user-interface. Both the multi-media as well as the user-interface proved to be extremely
valuable in the communication of ideas and concepts, not only between the different
partners of the project team, but also between the project team and other researchers and
decision makers. 

Several other workshops were organized and attended later on in the project in order
to discuss the project . One of the main conclusions of all these workshops was that the2

integration of research components as in EUPHIDS produces a powerful instrument to
support pesticide management. Three relevant remarks made during these meetings will
be addressed here.

A remark on the general concepts of EUPHIDS made by decision makers is the fact
that the admission of pesticides only takes place at European and national levels. It deals
with the argument for implementing a regionalized exposure assessment modelling
research component in EUPHIDS. Although the concept of regionalizing policy
instruments is very much favoured in general, there are hardly any options to
operationalize this idea. Some options to further refine authorization are in the context
of the labelling of pesticide products. Labels inform users how to apply and use a
pesticide and can thus also give advice on the use of the pesticide under specific
regional conditions. At smaller management scales, however, an information system like
EUPHIDS can be very useful in the context of social regulation (training and education,
cooperation between farmers) (cf. Chapter 5). EUPHIDS in potential, can inform
farmers or farmer groups about the adverse effects of different crop protection methods:
the effects of two substitutable pesticides or the effect of a pesticide-free zone along a
ditch. In this respect EUPHIDS can be valuable in making regionalized research
components more accessible to actors at smaller management scales.

With respect to EUPHIDS, researchers were in general somewhat doubtful, as they
find it difficult to hand over their research components to ‘non-experienced’ users. This
underlines the relevance of the functional infrastructure and the relation between
research and management. EUPHIDS should not be considered as a stand-alone
computer environment, but positioned in this infrastructure. Expertise is needed to
develop and integrate research components (cf. Figure 8.1), and to ensure that embedded
knowledge is not misused (the role of the functional infrastructure). Spatial data needs
to be checked on its quality before implementation, and the spatial modelling
functionality implemented in EUPHIDS should be tested on the reliability of the
outcomes. Chapter 7 addressed some examples, e.g. the fact that not all pesticides can
be used in EUPHIDS to asses and evaluate groundwater exposure the way the
environmental exposure assessment research component is implemented at this moment:
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the sensitivity analysis showed that the meta-modelling approach selected is not very
suitable for very mobile pesticides. These are aspects which need consideration at the
research level not only during the development of components, but also if components
are added or need to be improved. The different exposure assessment approaches at the
research and the management level should be considered complementary. The more
global approach implemented in EUPHIDS can be applied to get a first indication of the
environmental effects of the use of certain pesticides. If pesticides arrive in an ‘effect’
zone, further detailed, more accurate analysis can take place at the research level by
applying more detailed modelling approaches.

Another issue raised during the workshops concerned the large data needs to feed
EUPHIDS. As described in Chapter 6, there are indeed quite considerable data needs.
The project showed that it is not easy to gather (eco-)toxicological data on humans and
single species for specific pesticides. The collection of spatial data sets and the
manipulation necessary to make data ready for implementation in EUPHIDS was also
quite a time-consuming task, as described earlier (cf. Section 8.2.1). These extensive
data requirements and data preparation activities emphasize the relevance of embedding
integrated information systems such as EUPHIDS in an infrastructure framework, as
shown in Figure 8.1. A good link to research is indispensable not only to develop and
implement optimized research components, but also to update and extend these
computer environments. As the amount of spatial data is increasing rapidly, the concept
of spatial data infrastructures can certainly enhance the discovery and exchange of
appropriate spatial data sets.

8.3.2 The spatial data infrastructure

The various actors in the European Pesticide Project work on different computer
platforms, as shown in Figure 8.1. They make use of the same spatial data layers, but
have quite different objectives. To illustrate this, the generation, preparation and use of
the percentage of organic matter map will be taken as an example. For the Dutch scale,
data is derived from the Soil Map of the Netherlands scale 1:250,000 (De Vries, 1993).
In the process of the development of the functionality components to be implemented in
EUPHIDS, various actors in the research field needed this data layer to carry out their
particular tasks resulting in a specific research component. The first activity to generate
the percentage of organic matter map is the measurement of field samples by soil
scientists. On the basis of these point measurements, the map is constructed and further
regionalized by using interpolation techniques. These activities are described by De
Vries (1993). They form the combined work of soil scientists, spatial data analysts and
spatial data managers. The construction of this map is done using GIS software offering
the wide variety of spatial data handling functionality that is required to perform the
spatial data manipulations. The organic matter map is, for instance, one of the map
layers needed to regionalize environmental pesticide exposure. It is an indispensable
map for both the methodologies used to model groundwater concentrations discussed in
Chapter 7. A third research activity distinguished in Figure 8.1 is the development of
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decision-support techniques. Here, as mentioned before, use is made of the organic
matter map, but particularly the intermediate spatial data sets resulting from the
modelling activities in the project (e.g. the Predicted Environmental Concentration
surface water map). Finally, EUPHIDS makes use of the percentage of organic matter
map to assess and evaluate environmental exposure levels by means of optimized
exposure models. To make implementation in EUPHIDS feasible the organic matter
map is adjusted by aggregating grid cells, which makes processing and visualization
faster.

Towards the European Pesticide Project Spatial Data Infrastructure
In the project, a ‘structure’ was needed to support communication between the

different data processing platforms used and the more generic data layers used by all.
One of these data layers, the percentage of organic matter map, was used above to
illustrate its generic character. Such an infrastructure should be ‘open’ to the different
users, make spatial data accessible (by enabling spatial data discovery and exchange)
and support the integration of spatial data from various sources. In Chapter 3, a Spatial
Data Infrastructure (SDI) was defined as: a collection of policy, data sets, agreements,
standards, technology (hardware, software and electronic communication) and
knowledge providing the different users with the geographic information needed to
carry out a specific task. As described in Chapter 3, several initiatives have been
undertaken in the past few years to start the development of  SDI at organizational and
(inter)national levels. In the project a start was made with the definition and
implementation of a Project SDI (cf. Figure 8.1). Since one of the project partners, the
Dutch Institute of Public Health and the Environment (RIVM), played an important role
in providing the spatial data layers, it was attempted to finetune the Project SDI to their
SDI under development (Thewessen and Van der Velde, 1995) as much as possible.

The different components of the Project SDI will be addressed. It can be said that the
policy component of the Project SDI is embedded in one of the project objectives: the
sharing of (spatial) data sets collected and generated by the different partners. The data
component refers to the spatial data and information demands of the different partners.
To test the methods and techniques developed in the project, spatial data for specific
regions was collected and stored. This resulted in a spatial model reflecting various
management scales: the European scale, national scales, and also the regional scale (cf.
Table 8.2). The spatial data layers needed for the development of research components
and needed in EUPHIDS can be considered as generic data used by most actors. In the
project, agreements were made on, for example, the documentation of source and
derived spatial data layers to help users to improve their insight into the quality of the
data and its use for the different purposes (meta-information). The discussion on
standards is relevant because of the different computer environments used (cf. Figure
8.1). These standards should provide easy exchange between between, for instance,
Arc/Info, IDRISI and EUPHIDS. This issue relates to the technology arrangements
made for the hardware and software needed to prepare spatial data models. The idea was
to support any GIT environment used by the different project partners. In the beginning
it proved to be easy to set some soft- and hardware standards (preference for Arc/Info),
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particularly to smoothen spatial data model development by spatial data managers and
environmental modellers. As explained in Section 8.2.2 EUPHIDS is a customized
DSS, consisting of C programs linked to the Visual Basic shell (cf. Figure 8.2). To make
spatial data exchange between Arc/Info and EUPHIDS easier the spatial data exchange
standards between these two platforms are most elaborated at this moment. As observed
in Chapter 4, the knowledge component very much reflects the concept of the functional
infrastructure (see Section 8.3.1).

 

Europe The Nether- Germany Italy Hupselse  Kreist Parco Sud
lands Beek (Nl) Soest (Brd) (Italy)

- average temperature  
  of month of application x x x x x x x
- sand/stone x x x x x x x
- slope x x x x x x x
- maximum rainfall 
  of month of application x x x x x x x
- % of organic matter x x x x x x x
- soil-climate 
  model regions x (12) x (7) x (13) x (2) - - -

resolution of the maps 10 km. 2.5 km 2.5 km 2.5 km 100 mtr. 100 mtr. 100 mtr.

Table 8.2: Spatial data (grid maps) used in multi-scale environmental exposure
assessment (the number of model regions are given in brackets).

In the context of a SDI, meta-information systems can be regarded as an important
instruments to facilitate communication between the different information systems at the
data processing level and the spatial data level. It supports the discovery and exchange
of spatial data (cf. Chapter 4). As an example, GEOBASE (a meta-information system
at the National Institute of Public Health and the Environment; RIVM) was consulted
frequently in the project to identify and select suitable spatial data layers for the
European and national scales. Through the use of a meta-information system potential
layers from different sources (CORINE, FAO, etcetera) could be searched for quite
easily on the basis of key words. The maps can be displayed and subsequently
associated meta-information retrieved about items, such as the source of the map, the
year of compilation, spatial aspects (scale, coverage, spatial data structure), attribute
items and contact persons. Its benefits in use can merely be found in the ‘discovery’
phase. Its potential benefits lay, however, in offering facilities to exchange spatial data
between different GIT environments; a part which is under development.

Despite the definition and implementation of some elementary elements of the
Project SDI, the making available of the required spatial data sets for the different
project partners was a time-consuming and difficult process. There are several reasons
for this: first of all the fact that before this project most of the project partners were not
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involved in GIS, and secondly because of the extensive GIS operations required to
develop the spatial data models. This implies that, particularly at the beginning of the
project, a great deal of effort was required for the digitizing of regions for which no
digital data were available and the further preparation of the spatial data model. The
selection of a common hard- and software platform (Arc/Info) for these basic operations
made this process easier. For instance, in the coordination of spatial data handling
operations the use of the same commands and syntax. Further, organizational and
technical planning appeared to be difficult due to the fact that partners had different
backgrounds and also worked in different locations (three countries). Nevertheless,
towards the end of the project, spatial data handling and exchange became easier as the
Project SDI matured. Although during the project one cannot speak of completely free
spatial data sharing between the different information systems, the project did
demonstrate the need for such a more mature SDI, particularly to facilitate
documentation, discovery and exchange of spatial data.

8.4 Conclusions

In the EUPHIDS project, five research institutes worked on the development and
integration of the various research components in the context of pesticide exposure
assessment, evaluation and presentation. Figure 8.1 showed the different actors involved
in this process. The original concepts of the European Pesticide Project were based on
working with one or two GIS-packages. This idea changed during the course of the
project towards the creation of a concept that aimed to enhance communication between
the different GIT environments used by researchers and management to support the
development and integration of research components. The main conclusion is that the
interdisciplinary joint research project has succeeded in bringing together researchers
from various backgrounds and has succeeded in transferring these research efforts to a
decision-making computer environment: EUPHIDS. Although the infrastructures
described in this chapter have not fully matured, they clearly demonstrated their
potential in improving the linkages between research activities and the transfer of
knowledge from research to management.

The functional infrastructure focuses on the exchange of ideas, methods and
techniques, as one of the underlying objectives of interdisciplinary research. The
development of optimized research components, such as the spatial data handling,
modelling and decision-support functionalities, was the subject of many discussions
within the project team, and between the project team and other researchers and decision
makers. Several workshops were organized/attended to discuss these issues. The
involvement of management has, however, been rather limited. This is understandable
as the European Pesticide Project is primarily designed as a research project. This
communication should, however, be carried out more systematically in order to
thoroughly validate the use of EUPHIDS in pesticide risk management at different
scales.

The user-interface appeared to be very useful to communicate concepts. Visualization
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as a means of communication stimulates the integration and testing of ideas. The use of
interfaces and map display gives users more feel for the functionality and outcomes of
the system, and better possibilities to correct input data and architecture components.
This interface particularly stimulated the discussion between the multiple disciplines
involved in the project. In a similar way, a multi-media application explaining the main
concepts of the project proved to be valuable. 

In this project a start was made with some components of an SDI: the use of various
processing environments, the identification of working standards, the attention given to
meta-information and the exchange of spatial data. The project clearly demonstrated the
relevance of the use of such a structure to improve spatial data accessibility for both
research and decision-making computer environments, like EUPHIDS, and also to
facilitate transfer of data from one information system to the other. The project also
showed that the checking of spatial data sets generated and the documentation of these
spatial data sets (existing and derived) in the context of meta-data proved to be essential
to arrive at sound modelling results. The role in the discovery and exchange of spatial
data by means of meta-information systems has been illustrated by the GEOBASE
example. This environment could, however, only be consulted by the Dutch project
partners. It therefore also demonstrates the need for more interorganizational oriented
meta-information systems to give partners in international research projects access to the
wide variety of spatial data sets.
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CHAPTER 9

Conclusions

9.1 Introduction

The management of the environment requires a wide variety of information to get
insight into the state of the environment, to forecast future developments, to develop and
select courses of action and to monitor their effects. Research components are developed
and used to obtain this information, such as environmental models. Due to the spatial
distribution of sources of pollution, the spatial scale of exposure routes and the spatial
distribution of receptor categories, the incorporation of the spatial dimension in research
is relevant. Geographic Information Systems (GIS) offering spatial data handling
functionality are being used to an increasing extent to capture this spatial dimension and
to store and transform spatial data into spatial information.

Although GIS is now becoming institutionalized in environmental research activities,
managers will often see GIS as too complex and inaccessible and they thus fail to
provide enough support for decision processes. One of the reasons for this, mentioned in
Chapter 1, is that GIS has focused more on research activities like spatial data inventory
and analysis than on decision support. This observation implies that experts are needed
to apply GIS technology within decision making contexts, and to transform spatial data
in valuable spatial information for environmental management. The improvement of the
accessibility of information, the overall objective of this study, deals with the transfer of
research components (such as spatial data handling and modelling functionality) to
management by means of integrated information systems (Nijkamp and Scholten, 1993;
Fedra, 1993) in order to enable managers to generate, query and analyse information by
themselves. A distinction is made between physical and cognitive accessibility (Kraak et
al., 1995). The former is concerned with the exchange of research components between
information systems, the latter is concerned with whether research components are
suitable for decision-making applications.

Environmental problems have a multi-dimensional character. This is reflected in the
information demand of environmental research and management. Cooperation and
communication between environmental research and local, regional and (inter)national
management is required to solve environmental problems. The exchange of knowledge,
spatial data and information is therefore essential. Information Technology (IT) to an
increasing extent offers the possibilities to achieve this. In the field of GIS, as part of IT
– in this study referred to as Geographic Information Technology (GIT) –, this
communication is still often hampered, due to the existence of, for instance, different
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platforms and complex data structures. In this study both the physical and cognitive
communication are placed in an infrastructure framework.

Objectives of the study 
The overall objective of this study is to improve the accessibility of spatial

information for environmental management. This overall objective is reached by taking
the following steps:

1. The identification of the general spatial information requirements for environmental
management and the main components of environmental GIS research needed to
provide this information (Chapters 2 and 3).

2. The identification of the role of integrated information systems for management as
information systems which make spatial information more accessible (Chapter 4).

3. The identification of the position of integrated information systems for management
in relation to research, taking into account new developments in the light of GIT
(Chapter 4).

4. The demonstration of the role of integrated information systems and the
infrastructure framework in improving the accessibility of spatial information, by
means of an example of pesticide risk management (Chapters 5, 6, 7 and 8).

The results of these steps are summarized in the following four sections. The future
potential of the infrastructure framework is the subject of Section 9.6. This chapter and
study is concluded in Section 9.7.

9.2 Spatial information for environmental management

The four policy development phases (recognizing, formulating, solving and control)
identified by Winsemius (1987) have been the starting-point for studying the spatial
information demands of environmental management. In this study these phases are
referred to as management phases. This positions environmental problem-solving in a
wider context of management, both at various administrative scales and the local scale
(households, companies). Within each of the management phases decision processes
take place, constituting the identification, development and selection of alternatives
(such as policy objectives, company objectives, production methods, etc.). As seen in
Chapter 2, environmental decision processes are in general not very structured, though
the degree of structure varies with the management phases. This problem context sets
demands for the support of environmental management in the different management
phases.

Information needed to support the decision-making process is increasingly
incorporating the spatial dimension of environmental phenomena, as it gives more
insight into the regional differentiation of sources of pollution and the regional
differentiation of environmental load and effects. It supports the identification,
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development and selection of alternatives at the right place and at the right scale. From a
spatial perspective, three main spatial questions are relevant to support environmental
decision making (Rejeski, 1993):
- What is the spatial pattern of relevant variables?;
- What is the spatial coexistence of relevant variables?; and
- What is the pathway between source and receptor?

The characteristics of the spatial information demand will change during the different
management phases (Adriaanse et al. 1989). Spatial information to support the
recognizing phase will have a highly explorative and ad hoc character. In the
formulating phase rough, aggregated information will suffice. Then, in the solving and
control phases information will need to be more detailed as well as accurate, and
collected more systematically.

Spatial information is required at an increasing number of management scales:
(inter)national, regional, local. Concepts like ‘shared responsibility’, for instance, give
more responsibility to actors at the local management scales. Regionally differentiated
policy requires a management approach integrating economic, ecological and social-
cultural elements at the regional scale, and international cooperation and harmonization
require a more active ‘Europe’. Spatial information is therefore needed at multiple
scales to support environmental management.

In environmental research a distinction can be made between three research fields:
basic research, applied research and research-management interface activities (Zoeteman
and Langeweg, 1988). The third of these research areas is the culmination of all
previous research work done. The three research areas result, respectively, in three main
research components: data handling functionality, environmental modelling
functionality and decision-support functionality, in combination with data. Decision-
support functionality (Zachary, 1986) to some extent overlaps with the other two
functionality groups. Here, it covers choice models, representation aids and analysis and
reasoning functions. The characteristics and relevance of the three research components
changes with the management phases: e.g. the demand for decision-support, will
particularly be relevant in the support of the formulating and solving management
phases.

Due to the spatial dimension of environmental problems, GIS is becoming strongly
embedded in environmental research, as it offers spatial data handling functionality to
capture this dimension. In environmental research it is the first two phases of the GIS
life cycle – spatial data inventory and analysis (Maguire, 1991) – which are receiving
increased attention: the number of environmental databases is growing and providing
more spatial detail, and the environmental modelling community is now more aware of
the potential of GIS. Compared to the classic, more aggregated, approaches, the spatial
parameterization of exposure models results in more realistic (regional) outcomes.
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To serve all users certain functionality groups of GIS are rather underdeveloped at
present, particularly the analysis and decision-support groups. One of the main
conclusions of Chapter 3 was that it is not realistic to see GIS as a tool which can serve
all demands of all users in research and management. To overcome these shortcomings
examples were given of developments which integrated GIS functionality with other
functionality groups. In this respect, particular attention has been paid to the integration
of GIS and environmental modelling, and Spatial Decision Support Systems (SDSS)
which are specifically designed to meet requirements of decision support. GIS should be
seen as an instrument offering specific spatial data handling functionality, which in
combination with other functionality groups (modelling, decision-support techniques)
will strengthen its use in research as well as in management applications.

The challenge still remains to support decision makers in the environmental field
with all the information they require. To support the move of GIS from the phase of
spatial data inventory and spatial analysis applications to the phase of management
applications (Maguire, 1991), decision support is the main activity to interface research
and management. It should focus on:
- the development of decision support techniques (e.g. integration, aggregation,

evaluation and presentation techniques); and 
- the integration of spatial data handling, modelling and decision-support

functionalities in easily accessible management information systems (such as SDSS).

The increase in GIS use and maturity in applications implies that the user group is
becoming more varied, having more diverse demands with respect to spatial information
and IT-environments. This stresses the need for communication. In this connection the
changing role of GIS is moving towards GIT. GIS is gradually changing from a single
independent system to a more open system, embedded in an IT infrastructure, able to
communicate with other systems. If these developments can continue to grow towards
maturity, discussions on the functionalities within a certain GIS-package are no longer
so important. It will then be much easier to add and integrate all the functionality needs
for a specific tailor-made application. These specialities are particularly crucial in
environmental research and decision making as there is a large number of diverse
environmental databases, user groups and applications.

9.3 The role of integrated management information systems

Different users are involved in the process of transforming data into information both
at the research level and the management level, each of which have different GIS
demands (Scholten and Padding, 1990). During the data maturing process, research
components are developed and used by the various researchers. Instead of only using the
results of environmental modelling, or the results of the decision-support activities in
map form, the management of environmental problems needs a more interactive use of
research components, due to environmental decision process characteristics. This
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implies that, besides research, management too should have access to the research
components developed. So, the process of transforming spatial data into information
then also needs to take place in management applications.

Instead of opting for a single GIS to cover all needs, which has long been the case,
the concept of integrated information systems positions geo-processing environments in
a much wider perspective than ‘a single software package’. This concept optimizes
spatial data handling, modelling and decision-support functionalities within an
information system, in order to serve specific user demands. Spatial data managers, for
instance, require different subsets of functionality than spatial modellers. Managers
require different subsets of functionality than spatial modellers. The different users of
spatial information will also require different types of GIT. This all relates to the design
of the system. Management, especially, will require easily accessible, structured and
simple user-interfaces giving interactive access to the embedded research components.

Integrated information systems greatly improve the accessibility of research
components for management as they integrate functionality and spatial data components
which are specifically tailored for the decision problem concerned. During the various
management phases, different subsets of functionality will be required. SDSS are an
example of integrated information systems which particularly support the formulation
and solution phases, integrating a wide variety of modelling and decision-support
functionality. Monitoring systems, on the other hand, pay less attention to modelling
functionality and more to spatial data handling functionality. Subsets of functionality
will often be optimized to make model implementation feasible and, due to the
interdisciplinary character of environmental management, the integration of more
research components is often required. Optimization of the modelling functionality in
management applications can be achieved by the integration of more simple models
than the ones used at the research level or of only intermediate modelling results, which
will need further processing at the management level. Optimization of decision-support
functionality is achieved by means of the integration of an appropriate set of evaluation
and presentation tools. Spatial data sets linked to the different functionality groups are
often optimized by using only subsets of spatial data sets (e.g. for a particular region) or
aggregations of spatial data sets.

9.4 The position of integrated management informatio n
systems

in relation to research

As different users demand different integrated information systems, smooth
communication between these environments is vital to support research and
management activities. As an example, the discovery and access of spatial data sets is
becoming crucial as the amount of spatial data sets is growing considerably and are
often stored in disparate databases at different locations. Spatial Data Infrastructures
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(SDI) particularly focus on this issue: they are designed to discover and access spatial
data. This type of infrastructure forms part of the more comprehensive infrastructure
framework proposed in this study to link the different (integrated) information systems
used by research and management. The aim of this framework is to support:
- the process of transforming (raw) data into information in general, and 
- more specifically, the transfer of (optimized) research components to make them

accessible for various users in the environmental research and management field.

The framework consists of two infrastructures: a functional infrastructure and a
spatial data infrastructure. The use of the functional infrastructure will encourage the
interoperability of methods, techniques and cultures specific for the scientific disciplines
and for decision making, and thus will support the cognitive accessibility of spatial
information. Concerning integrated information systems for environmental
management, discussions in the context of this infrastructure should mainly concentrate
on three areas of consideration:
- the development of research components; 
- the optimization/integration of research components; and
- the user-interface design.

Physical accessibility is achieved by means of a technical infrastructure. Here, this
infrastructure is restricted to spatial data, as it is the central integral element feeding all
environmental modelling, spatial data handling as well as decision-support
functionality. The need for good physical accessibility of data by means of a spatial data
infrastructure is essential now that there is a considerable increase in the development
and use of environmental spatial data managed in different (integrated) information
systems. The improvement of discovery and exchange of data sets between different
users is crucial in the development of information. The infrastructure proposed
envisages three levels; the level consisting of the different user-specific integrated
information systems: a level consisting of generic spatial data layers; and a data access
level linking the two previous levels. This spatial data infrastructure contains elements
(such as meta-data) which is also relevant in the context of cognitive accessibility.

This framework places GIT environments in a wider institutional context. It implies
that management applications do not stand in isolation but need strong links to data
inventory and analysis applications at the research level in order to support the
development and integration of research components. This also relates to the support of
the process from basic research to applied research and interface activities, as addressed
in Section 9.2.

The framework designed is applied to develop an integrated information system to
support pesticide management. 
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9.5 Developing and making accessible research component s
for

pesticide risk management: the European Pesticide Project

The use of chemical plant-protection products or pesticides in agriculture can lead to
serious environmental hazards like those associated with aquatic ecosystems in areas of
surface water, or human hazards arising from the consumption of food and drinking-
water. Both farm management and environmental management at different
administrative scales play a key role in the reduction of these risks. There is a
considerable need for appropriate information: to monitor pesticide use and effects; to
support decision making aiming at the reduction of adverse effects at different
management scales; and to evaluate the effectiveness of pesticide policy (Reus et al.,
1994). As the use of pesticides and their adverse effects have a clear spatial component,
a regionalization of this information provides more detailed information, which could
enable decision makers to identify problem regions at various management scales. 

To obtain this information multiple research components from various areas, such as
(eco-)toxicology, environmental and human exposure modelling, evaluation modelling
and spatial data handling, need to be considered. The accessibility of research
components for managers is in general not easy due to the amount of components and
due to the fact that managers in general are not experts in all these fields. The
integration of the various research components, enabling the manager to interactively
generate information based on ‘What-if?’ scenarios, in a single integrated information
system would improve the accessibility of these components. The European Pesticide
Project, described in this study, was aimed at the development of research components
in the context of pesticide exposure assessment, evaluation and presentation. These
components are required to support pesticide admission procedures at different
administrative scales. The project particularly concentrated on the regionalization of
information, because of the strong spatial dimension of the problem. Attention was also
given to the development and application of decision-support techniques, such as
evaluation techniques supporting the integration of the effects of different pesticides,
which is a less structured problem requiring more qualitative approaches. A second aim
of the project was the integration of these components in an integrated information
system (the European Pesticide Hazard Information and Decision-support System:
EUPHIDS) to give managers access to this wide body of (spatial) data sets and
functionality components.

To support the identification, development and selection of pesticide alternatives,
EUPHIDS requires environmental and human health exposure modelling and decision-
support functionality. Modelling functionality is used in EUPHIDS to allow the user to
assess in an interactive manner the adverse effects of different pesticides given different
conditions. GIS proved to be crucial in the development of the spatial data models used
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to regionalize pesticide exposure. To make implementation feasible a distinction was
made between the modelling of exposure levels at the research level and in EUPHIDS
(Chapter 6). This distinction relates to the concept of integrated information systems:
the research level is confined to detailed calculations taking into account many model
parameters, while EUPHIDS makes use of a more global approach. This is illustrated in
Chapter 7 with the example of modelling groundwater concentrations.

The decision-support component consists of exposure evaluation and presentation.
The evaluation of environmental effects is a useful instrument to further support
management in the assessment of pesticide effects at different levels: the single
organism level, the ecosystem level and the total environment level. Also a number of
the presentation instruments are implemented in EUPHIDS, e.g. the combined display
of graphical and statistical information and the map comparison function, which are
useful not only in the selection of alternatives, but also in the development of
alternatives.

In the European Pesticide Project, five research institutes worked on the development
and integration of the various research components. Chapter 8 described the different
actors involved in this process. The original concept of the European Pesticide Project
was based on working with one or two GIS-packages. This idea changed during the
course of the project towards the creation of a concept that aimed to enhance
communication between the different disciplines at a conceptual level, and
communication between the different GIT environments used by researchers and
management at the technical level. The development of the spatial data models and the
exposure models use took place at large multi-functional computer platforms, the
development of decision-support functionality at more ‘light’ and accessible platforms,
while the integrated information system EUPHIDS is a specifically tailored system,
giving access to the embedded research components via a transparent and structured
user-interface (cf. Chapter 8).

The main conclusion is that this interdisciplinary joint research project succeeded on
two counts: in bringing together researchers from various backgrounds and in
transferring these research efforts to a decision-making computer environment:
EUPHIDS. This was achieved despite the fact that different organizations with different
cultures and IT environments were involved. Although the infrastructures described in
this chapter have not yet fully matured, they did demonstrate their value in improving
the linkages between research activities and the transfer of knowledge from research to
management.

With respect to the functional infrastructure all research activities (the development
of research components, the optimization / integration of research components, the user-
interface design) were geared to the use of the resulting components in EUPHIDS. The
admission procedures quite clearly indicated the functionality demands for an SDSS. As
described before, both functionality and spatial data sets were optimized to make
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implementation in EUPHIDS feasible. Several examples in this study stressed the
relevance of extensive checking of functionality and spatial data (by research) in order
to result in sound information in EUPHIDS. For instance, a correct choice of the
attribute and resolution of data. This is relevant both for single-scale assessments (e.g.
the Netherlands) and for multi-scale assessments (EU, national, regional), as described
in Chapter 7. The use of meta-data in this respect plays a crucial role, as it helps to judge
the quality of spatial data, and thus makes it possible to assess whether the data suits the
analysis and ultimately the decision process. This issue also relates to the spatial data
infrastructure. Sensitivity analysis clearly demonstrated that the more global approach
chosen to model pesticide exposure is not directly suitable for all pesticides. Also this
example implies that implementation of the research component in an SDSS
environment should be carefully guided to avoid misuse. A great deal of care was also
taken with the design of the user-interface. The user-interface proved to be very useful
to communicate concepts. Visualization as a means of communication stimulates the
integration and testing of ideas. The use of interfaces and map display gives users more
feel for the functionality and outcomes of the system, and better possibilities to correct
input data and architecture components. This stimulated the discussion between the
multiple disciplines involved in the project. Particularly the user-interface can be an
important element in the communication between researchers and managers, as
demonstrated by several workshops. In a similar way, a multi-media application
explaining the main concepts of the project proved to be valuable. 
 

In this project a start was made with some components of a spatial data
infrastructure: the use of various processing environments, the identification of working
standards, the importance attached to meta-information and the exchange of spatial data.
In this process, use was made of already-existing infrastructure (sub-) components, like
meta-information systems. The project clearly demonstrated how such a structure could
improve spatial data sharing, for research as well as for decision-making computer
environments like EUPHIDS, and could also facilitate transfer from one information
system to another. An important element is the necessity for good documentation of the
spatial data sets, essential to arrive at sound modelling results. This also relates to
cognitive accessibility as mentioned above. Meta-information systems are important
instruments to support this.

An SDSS, such as EUPHIDS, is a simplified computer environment with respect to
its models and spatial data. This simplification of reality will always lead to some
increase in uncertainty. The project demonstrated the fact that research and management
should be seen as two interrelated but different environments serving different purposes.
At the research level, components like spatial data and models are developed, which
take quality issues into account. In the European Pesticide Project, the main quality
checks on (spatial) data and models were performed at this level. The management level
is offered research components in a structured and simplified manner. If EUPHIDS
outcomes show adverse effects in the region under consideration, research can further
analyse this particular situation by using a more detailed methodology with respect to
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data and models and paying more attention to uncertainties. This approach emphasises
the role of the infrastructure framework, it positions EUPHIDS not as stand-alone
information systems, but having interdependent relations with research: research feeds
research components into EUPHIDS, whose outcomes can in turn lead to feedback to
research.

9.6 The future of the infrastructure framework

Although both infrastructures did not grow to full maturity in the project, they still
showed their potential in developing research components and in making these
components accessible for management applications, and thus to support
communication between spatial data inventory, analysis and management applications.

With respect to the functional infrastructure, there are a number of directions for
further research:
- Greater attention should be paid both to the integration of environmental-economic

relationships in the context of sustainability and to the integration of environmental
and spatial planning fields (as in regionally-differentiated policy). This implies the
further development of economic and social-cultural research components
(functionality and (spatial) data), the regionalization of these components and
integration in management information systems. The extension of EUPHIDS with an
economic component would enable pesticide managers to get more insight in
sustainable agricultural development.

- As seen in this study research components need to be optimized to make
implementation in integrated management information systems feasible. Further
research is needed to analyse different approaches to optimization and to analyse the
consequences of the different approaches at the research and management level. The
relation between research and management applications is, amongst other things,
crucial to take care for a sound use of research components integrated in management
information systems, such as EUPHIDS. Future research would be interesting to
further elaborate this relation, such as the embedding of A/I-like components to guide
users to avoid misuse of research components, and to inform users at what moment
more detailed analysis at the research level is required.

- In the European Pesticide Project the involvement of management was rather limited.
This is understandable as the project was primarily designed as a research project.
However, this communication should henceforth be carried out more systematically
in order to thoroughly validate the use of systems like EUPHIDS in environmental
management at different scales.

The technical infrastructure in this study was restricted to spatial data. There are a
number of directions for further research:
- Progress in the realm of national and global spatial data infrastructures (using the

Internet) is promising in the further enhancement of the accessibility of spatial data
for different processing environment. The integrated management information system
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EUPHIDS is still in the research phase, it would be interesting to study in what
manner spatial data infrastructures can be applied to maintain (e.g. to update and to
add spatial data sets) an integrated management information system, such as
EUPHIDS, once in a more operational phase.

 - The GIS functionality integrated in EUPHIDS is self-programmed, so actually we
had to re-invent the wheel. Developments in the context of the exchange of spatial
data handling functionality are, however, becoming more mature. The development
towards processing interoperability, now under discussion by the OGIS Consortium
(cf. Chapter 3), is promising in further extending the spatial data infrastructure
towards a more complete technical infrastructure, in the sense that in that perspective
building blocks from different GIS software packages can be exchanged and
integrated more freely. In this respect, it is interesting to note the relation to
Sprague’s framework for developing a Decision Support System (1980: cf. Section
3.5). One of the elements of this framework is a toolbox with generic DSS modules
to be used as basic building blocks in the development of applications. As shown in
Chapter 8 the technical structure of EUPHIDS is designed in a way that such an
integration of new or improved building blocks is possible.

9.7 Epilogue

This study has described an infrastructure framework to facilitate communication
between research and management, from a conceptual and technical perspective. The
practical use of such a framework in the European Pesticide Project clearly
demonstrated its potential for developing research components and making them
accessible in an integrated information system. This approach is valuable in making the
increasing amount of spatial knowledge available in environmental GIS research, more
accessible for environmental management. It gives management, by means of an
integrated information system, simplified, structured and interactive way of access to
spatial information. It transforms the one-way information flow from research to
management into a more dynamic and interactive flow, by positioning these type of
applications in an infrastructure framework. Such a structure will support the transition
of GIS from the second phase of its life cycle (analysis applications) to the third phase
(management applications).

To support environmental management, information is needed to unravel part of the
complexity inherent to environmental problems. Chapter 1 mentioned several factors
which hamper environmental problem-solving: environmental and public health effects
may appear at a distance in space as well as in time, they occur in systems that are
insufficiently understood, they are not adequately priced and involve a conflict between
individual and collective interests. This study hopes to have contributed by clarifying at
least the first two of these factors for environmental management.
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List of main acronyms

A/I Artificial Intelligence
CAP Common Agricultural Policy
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EDI Estimated Daily Intake
ESF European Science Foundation
EU European Union
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Appendix I: Colour plates
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Figure I.1: Cost of pesticides per hectare of utilized agricultural area 1989-1991 (in ECUs)
(Source: FADN/LEI-DLO).
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Figure I.2: The use of the pesticide Atrazine in the Netherlands in 1993 calculated with the
pesticide information system ISBEST (Merkelbach et al., forthcoming).
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Figure I.3: Seven soil-climate regions in the Netherlands used for calculating the leaching of
pesticides into the groundwater.
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Figure I.4: Calculated Predicted Environmental Concentration of groundwater for the pesticide
Atrazine.



  Available from the Economic and Social Institute (ESI), Vrije Universiteit1
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Appendix II: a guided tour of EUPHIDS

Introduction
This chapter shows a typical sequence of operations in EUPHIDS. The objective is to

illustrate briefly the main functionality offered by the system. For a more detailed description the
reader is referred to Beinat and Van den Berg (1996) or the EUPHIDS CD-Rom. The CD-Rom1

contains the EUPHIDS system, a demo route, a multi-media application and the background
document (Figure II.1).

EUPHIDS requires two types of input: system and user input. System input are the research
components built in the system (Chapter 6). This includes the models to compute environmental
and human exposure, the spatial data for the areas studied (e.g. the soil maps for Europe) and the
data on the pesticides analysed (e.g. the chemical and toxicological characteristics). In general,
the user does not need to change this data. User input (cf. decision variables; Chapter 6) is, for
instance, the parameters which need to be specified for the application at hand, such as the
application dose.

The first operations in EUPHIDS are the choice of the area (Figure II.2), pesticide and dose
used. These choices can be seen as the main settings for all other operations which follow and are
always displayed in the information box on the EUPHIDS screen. With respect to the first
selection ‘areas’; Italy will serve to demonstrate the human health exposure functionality and the
Netherlands to demonstrate the environmental exposure functionality. Figure II.3 gives an idea of
the available spatial data sets to perform the environmental exposure assessment for the
Netherlands. 

EUPHIDS is composed of five main modules: the initialization module, the environmental
module, the human health module, the evaluation module and the analyse output module. These
modules will be described below. 

Initialization 
The initialization module serves to set the global parameters for the computation of

environmental and human health exposure for the pesticide and area under evaluation. As shown
in Figure II.4, the initialization serves to set the type of effects to be analysed and the
mathematical models used to compute the environmental and human exposure to the pesticide.
Once the global settings are specified, EUPHIDS allows the computation of the environmental
concentrations and of the human exposure. This is done in the environment and human health
modules.

Calculation of environmental exposure
The operations in the environment module are the selection of the effect categories (topsoil,

groundwater, surface water and plants), the selection of the land use categories (cf. Figure II.5)
and, the selection of the parameters for computing environmental concentrations for long- and
short-term exposure (Figure II.6). EUPHIDS offers the possibility of computing environmental
concentrations for topsoil, groundwater and surface water, under different application types,
exposure times, physico-chemical and biological characteristics of the compound. After selecting
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the appropriate parameters for the prediction models, EUPHIDS computes the Predicted
Environmental Concentrations (PEC) for the short- and long-term. This results in a series of
maps. A typical result for groundwater is shown in Figure II.7. The maps shows four classes of
Atrazine concentrations in groundwater.

Calculation of human exposure
Human exposure to the pesticide is the result of the ingestion of food or water containing

pesticide residues (general population) or of direct exposure to the chemical compound
(agricultural worker). EUPHIDS contains models for computing both these exposure levels,
which results in two types of results. The general population module, on the basis of diet data,
provides information on e.g. the daily intake of the compound (Theoretical Maximum Daily
Intake; TMDI) and results in maps showing the spatial distribution of intakes on the basis of diet
regions (Figure II.8). The agricultural worker module provides estimates of the external and
absorbed doses due to direct handling of the compound. The result is a series of tables which
show the dermal and inhaled dose.

Evaluation module
The aim of the evaluation module is to produce risk indices to support the analysis of the

acceptability of environmental and human health effects. The initial evaluation screen in
EUPHIDS is shown in Figure II.9. The input data for all the evaluations are the output maps of
the previous modules. The evaluation scheme includes the guidelines of the Uniform Principles
(UP), which specify a risk threshold (a reference level) for each aspect under evaluation. The
evaluation is based on the risk ratios between the exposure and the risk threshold. For instance,
the risk to groundwater is represented by the risk ratio (PEC of groundwater)/(the drinking water
standard for groundwater): if the ratio exceeds 1, then there is by definition the risk of exposing
groundwater to unacceptable pollution levels.

Evaluation of environmental effects
The simplest evaluation scheme requires the computation of the risk ratios for individual

organisms. For this purpose, EUPHIDS stores for each pesticide the eco-toxicological end-points
for short- and long-term effects. As shown in Figure II.10, for fish, daphnia, algae and
earthworms, EUPHIDS shows the available eco-toxicological end-points and suggests a
corresponding (No-) Effect Level ((N)EL). Figure II.11 shows, as one example, the risk ratios for
groundwater according to the Uniform Principles (the threshold is 0.1µg/l). As can be seen, the
green area corresponds to risk ratios lower than 1 (no risk). The evaluation of environmental
effects also offers the possibility of aggregating multiple risk maps: the risks to ecosystems (e.g.
the risks to aquatic ecosystems; cf. Figure II.12) and the overall risks due to the combination of
simultaneous risks in multiple environmental compartments (e.g. combined groundwater and
aquatic ecosystems; cf. Figure II.14). The first two evaluations are based on risk ratios. The third
is performed with value functions (cf. Figure II.13).

Evaluation of human health effects
The evaluation of human health effects is based on the classification of the effects of the

substance (IARC classification) and on the calculation of the cancer risk (for carcinogenic
substances). The EUPHIDS database provides this type of information fior each pesticide. The
risk ratios are computed by comparing the exposure levels with the Admissible Daily Intake
(ADI) threshold (Figure II.15). 
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Analyse output
EUPHIDS processes large amounts of data and produces many results. The analyse output

module of EUPHIDS (cf. Figure II.16) offers several possibilities for displaying and analysing
maps. The display function has already been demonstrated in Figures II.3 and II.7. In addition to
this, statistical evaluations can be performed for each type of map. Statistical analysis can be used
to count the number of grid cells in each class or to calculate the cumulative distribution of cells
into classes. An example is shown in Figure II.17. Spatial aggregation serves to provide risk
indications at the level of aggregated spatial units (e.g. municipalities, provinces, soil types etc.).
Figure II.18 shows the result of spatial aggregation to the municipality level. Within each
municipality, EUPHIDS computes the average of the risk ratios and produces a map which
shows the results within each municipality boundary. The map comparison function enables the
user to recall saved sessions and thus compare two or more calculated alternatives. As an
example, Figure II.19 shows the PEC of groundwater for Atrazine with two different doses of
application (session nl-2 and session nl-1).

Figure II.1: Introduction screen of the EUPHIDS environment giving access to the SDSS, a
demo-route, a multi-media application and the background document.
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Figure II.2: Selection of the Netherlands.

Figure II.3: Viewing of the input maps of the Netherlands (session nl-1; area: the Netherlands;
pesticide: Atrazine; dose: 0.3 kg/ha).
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Figure II.4: Initialization screen of EUPHIDS (session: nl-1; area: the Netherlands; pesticide:
Atrazine; dose: 0.3 kg/ha).

 II.5: Setting of the land use categories (session: nl-1; area: the Netherlands; pesticide: Atrazine;
dose: 0.3 kg/ha).
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Figure II.6: Settings for the environmental module (session: nl-1; area: the Netherlands;
pesticide: Atrazine; dose: 0.3 kg/ha).

Figure II.7: PEC levels for Atrazine in groundwater (session nl-1; area: the Netherlands;
pesticide: Atrazine; dose: 0.3 kg/ha).
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Figure II.8: Exposure levels for general population (Theoretical Maximum Daily Intake) (session
it-1; area: Italy; pesticide Lindane; dose: 1.9  kg/ha).

Figure II.9: Evaluation screen (session nl-1; area: the Netherlands; pesticide: Atrazine; dose: 
0.3 kg/ha).
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Figure II.10: Eco-toxicological data for environmental evaluation (session nl-1; area: the
Netherlands; pesticide: Atrazine; dose: 0.3 kg/ha).

Figure II.11: Risk ratios for groundwater with threshold evaluation (threshold=0.1µg/l) (session
nl-1; area: the Netherlands; pesticide: Atrazine; dose: 0.3 kg/ha).
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Figure II.12: Risk ratios for topsoil and surface water ecosystems with threshold analysis
(session nl-1; area: the Netherlands; pesticide: Atrazine; dose: 0.3 kg/ha).

Figure II.13: Value functions for evaluating overall risks to the environment (session nl-1; area:
the Netherlands; pesticide: Atrazine; dose: 0.3 kg/ha).
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Figure II.14: Total aggregated risk map: the result of the application of value functions (session
nl-1; area: the Netherlands; pesticide: Atrazine; dose: 0.3 kg/ha).

Figure II.15: Human health evaluation: ratio TMDI/ADI for general population (session it-1; area:
Italy; pesticide: Lindane; dose: 1.9 kg/ha).
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Figure II.16: Analyse output: global screen (session nl-1; area: the Netherlands; pesticide:
Atrazine; dose: 0.3 kg/ha).

Figure II.17: Statistical analysis: number of grid cells per classes in the groundwater risk map of
Figure 11 (session nl-1; area: the Netherlands; pesticide: Atrazine; dose: 0.3 kg/ha).
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Figure II.18: Spatial analysis: aggregation of groundwater risk ratios per municipality (gem.)
(session nl-1; area: the Netherlands; pesticide: Atrazine; dose: 0.3 kg/ha).

Figure II.19: Comparison of two sessions (session nl-2; area: the Netherlands; pesticide:
Atrazine; dose: 1 kg/ha, and session nl-1; area: the Netherlands; pesticide: Atrazine; dose: 0.3
kg/ha).
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Samenvatting (Dutch summary) 

Inleiding

Gezien de diversiteit aan en complexiteit van milieuproblemen vereist
milieumanagement een breed scala aan informatie. Gerichte informatie is nodig om
inzicht te krijgen in de toestand van het milieu, om toekomstige ontwikkelingen in te
schatten, om maatregelen te ontwikkelen en te evalueren en hun effecten te toetsen.
Verschillende onderzoekscomponenten zijn ontwikkeld en worden gebruikt om deze
informatie te verkrijgen, zoals technieken voor de inwinning en verwerking van
gegevens, milieumodellen en beslissingsondersteunende technieken, alle drie gekoppeld
aan gegevens. In milieuonderzoek wordt in toenemende mate de ruimtelijke dimensie
meegenomen, als gevolg van de ruimtelijke distributie van bronnen van milieu-
verontreiniging, de ruimtelijke schaal van blootstellingsroutes en de ruimtelijke
distributie van receptoren. Geografische Informatie Systemen (GIS) worden dan ook
steeds vaker gebruikt om data over deze ruimtelijke dimensie op te slaan en te
transformeren tot ruimtelijke informatie.

Ofschoon GIS in toenemende mate geïnstitutionaliseerd is binnen milieuonderzoek,
is GIS voor milieumanagers nog steeds een complex en ontoegankelijk instrument.
Hierdoor voorziet GIS niet voldoende in het ondersteunen van ruimtelijke
beslissingsprocessen omtrent milieuvraagstukken. Een van de redenen hiervoor is het
feit dat de ontwikkeling van GIS zich sterk gericht heeft op de opslag en analyse van
ruimtelijke gegevens. Experts op het gebied van GIS zijn dan ook nodig om deze
instrumenten toe te passen ter ondersteuning van beslissingsproblemen, en om de
ruimtelijke gegevens te transformeren tot waardevolle informatie voor milieumanagers.
Deze studie richt zich op het verbeteren van de toegankelijkheid van ruimtelijke
informatie voor milieumanagers door het integreren van onderzoekscomponenten in een
milieumanagement informatiesysteem. Door het gebruik van dit systeem kan de
milieumanager zelf op interactieve wijze informatie genereren en analyseren. In deze
studie wordt een onderscheid gemaakt tussen fysieke en cognitieve toegankelijkheid,
waarbij de eerste zich richt op de fysieke toegang tot ruimtelijke gegevens en de laatste
op de vraag of de verkregen informatie ook de juiste is.

Milieuproblemen zijn multi-dimensioneel in velerlei opzichten. De voor
milieuonderzoek en -management benodigde gegevens (en modellen) weerspiegelen
deze multi-dimensionaliteit. Samenwerking en communicatie bij lokaal, regionaal en
(inter)nationaal milieuonderzoek is evident voor het oplossen van de complexe
milieuvraagstukken. Het uitwisselen van kennis en informatie tussen onderzoekers en
management is essentieel en krijgt in toenemende mate vorm door de mogelijkheden die
de Informatie Technologie (IT) biedt. Voor GIS – als onderdeel van de IT – (in deze
studie aangeduid met GIT) verloopt communicatie en uitwisseling vooralsnog
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moeizaam, onder meer, door het bestaan van verschillende platforms, complexe
gegevensformaten en organisaties die zich bevinden in verschillende adoptiefasen. In
deze studie wordt de fysieke of technische communicatie tesamen met de cognitieve
communicatie in een infrastructuurraamwerk geplaatst.

Doelstellingen van deze studie

De algemene doelstelling van deze studie is het verbeteren van de toegankelijkheid van
ruimtelijke informatie voor milieumanagers. De studie is onderverdeeld in de volgende
onderdelen:

1. Het identificeren van de vereiste ruimtelijke informatie voor milieumanagement en
de belangrijkste GIS onderzoekscomponenten benodigd om deze informatie te
genereren.  

2. Het identificeren van de rol van geïntegreerde informatiesystemen in het
toegankelijker maken van ruimtelijke informatie.

3. Het identificeren van de positie van geïntegreerde management informatiesystemen
ten opzichte van onderzoek, vanuit recente GIT ontwikkelingen.

4. Het demonstreren van de rol van geïntegreerde informatiesystemen en het
infrastructuur raamwerk in het toegankelijker maken van informatie voor pesticide
management.

Ruimtelijke informatie voor milieumanagement

De vier fasen van beleidsontwikkeling (herkenning, formulering, oplossing en
controle) onderscheiden door Winsemius (1987) zijn als uitgangspunt genomen om de
ruimtelijke informatiebehoefte van milieumanagement te onderzoeken. In deze studie
worden deze beleidsfasen managementfasen genoemd. Hiermee wordt de milieu-
problematiek in een breed kader geplaatst van management op verschillende
administratieve niveau’s en op het micro niveau (individuele actoren).
Beslissingsprocessen, onderverdeeld in het identificeren, ontwikkelen en evalueren van
alternatieven, spelen zich af binnen elk van deze fasen. Beslissingsprocessen omtrent
milieuproblemen zijn in z’n algemeenheid weinig gestructureerd. Binnen de
management-fasen is hier een differentiatie in aan te brengen; naar mate het
milieuprobleem meer herkenbaar en beheersbaar wordt, zal de structuur toenemen. 

Vanuit een ruimtelijk perspectief zijn drie vragen relevant ter ondersteuning van
milieumanagement:
- Wat is het ruimtelijke patroon van relevante variabelen?;
- Wat is de ruimtelijke co-existentie van relevante variabelen?; en
- Wat is de blootstellingsroute tussen bron en receptor?

De benodigde kenmerken van deze ruimtelijke informatie zullen variëren per
managementfase. In eerste instantie zal informatie een veelal ad-hoc exploratief karakter
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hebben, later zal meer gestructureerde en betrouwbare informatie noodzakelijk zijn.

Milieumanagement is actief op een toenemend aantal ruimtelijke schaalniveau’s:
(inter)nationaal, regionaal en lokaal. Op dit laatste niveau bevinden zich de producenten
en consumenten. Hun rol binnen het milieubeleid wordt steeds belangrijker, in het kader
van bijvoorbeeld het concept van de ‘gedeelde verantwoordelijkheid’. De rol van regio’s
is actueel in het kader van het gebiedsgerichte milieubeleid, de Europese rol in het kader
van internationale samenwerking en harmonisatie. Ruimtelijke informatie zal dus op
verschillende niveau’s beschikbaar moet zijn om milieumanagement te kunnen
ondersteunen.

Drie hoofdactiviteiten zijn onderscheiden in milieuonderzoek: fundamenteel
onderzoek, toegepast onderzoek en het overbrengen van onderzoek naar management.
Deze activiteiten resulteren in drie belangrijke onderzoekscomponenten: ruimtelijke
gegevensbewerking, milieumodellen en beslissingsondersteuning. In het overbrengen
van onderzoek naar managers dient met name aandacht besteed te worden aan de
beslissings-ondersteuning, die zich richt op:
- het ontwikkelen van beslissingsondersteunende technieken (onder meer, integratie,

aggregatie, evaluatie en presentatie technieken); en
- de integratie van de noodzakelijke onderzoekscomponenten (ruimtelijke gegevens-

verwerking, milieumodellen en beslissingsondersteuning) in makkelijk toegankelijke
informatiesystemen.

De drie genoemde functionaliteitsgroepen worden gevoed met gegevens. GIS maken
de integratie van de drie functionaliteitscomponenten met ruimtelijke gegevens
mogelijk. In de ontwikkelingsfase van GIS kunnen drie fasen worden onderscheiden:
ruimtelijke gegevens inventarisatie, ruimtelijke analyse en management toepassingen.
Met name ten behoeve van de eerste twee fasen wordt GIS in toenemende mate
gebruikt. In deze studie zijn een aantal voorbeelden geschetst die aangeven dat vooral
vanuit de wetenschappelijke wereld manieren zijn gezocht om gebruik te maken van de
functionaliteit die GIS biedt, zoals de integratie van ruimtelijke gegevensverwerking.
Het is dan ook realistisch GIS te zien als een component welke geïntegreerd dient te
worden met andere componenten, in plaats van een instrument dat aan alle
gebruikerswensen moet voldoen.

De toename in het gebruik van GIS en de groei naar volwassen
managementapplicaties maakt de noodzaak voor communicatie groter. Verschillende
ontwikkelingen op het gebied van de IT kunnen worden aangegeven welke deze
communicatie kunnen ondersteunen: ontwikkelingen om het zoeken naar ruimtelijke
gegevens beheerd bij verschillende organisaties te vergemakkelijken (ruimtelijke
gegevens infrastructuren); ontwikkelingen in het kader van een vrijere uitwisseling van
ruimtelijke gegevens tussen verschillende platforms (via open standaarden) en
uitwisseling van gegevensverwerkende functionaliteit (Open GIS). Met name binnen
milieuonderzoek en management zijn deze ontwikkelingen zeer relevant gezien het
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toenemende aantal onderzoekscomponenten, ruimtelijke databases en gebruikers-
toepassingen. 

De rol van geïntegreerde management informatiesystemen
en hun positie ten opzichte van onderzoek 

Verschillende gebruikers zijn betrokken in het proces van het transformeren van
ruimtelijke data naar ruimtelijke informatie. Vanwege de kenmerken van het
beslissingsproces rondom milieuproblemen is management gebaat bij een meer
interactieve toegang tot onderzoekscomponenten. Dit betekent dat datatransformatie niet
alleen zal plaatsvinden op het onderzoeksniveau, maar ook in toenemende mate op het
managementniveau. Geïntegreerde informatiesystemen optimaliseren onderzoeks-
componenten (functionaliteit ten behoeve van ruimtelijke gegevensverwerking, milieu-
modellering en beslissingsondersteuning gerelateerd aan de benodigde data) om op die
wijze de verschillende gebruikers in hun informatiebehoefte te kunnen voorzien. Een
voorbeeld van zo’n systeem is een ruimtelijk beslissingsondersteunend systeem welke
met name aandacht besteedt aan modellerings- en beslissingsondersteunende
functionaliteit. Ondersteuning van modelontwikkelling zal een andere integratie
behoeven.

Geïntegreerde management informatiesystemen worden gevoed vanuit onderzoek.
Om de verschillende informatiesystemen op het onderzoeks- en management niveau met
elkaar te verbinden is in deze studie een infrastructuur raamwerk opgesteld. Het doel
hiervan is het ondersteunen van:
- het proces van transformeren van ruimtelijke data naar informatie; en
- meer specifiek, het uitwisselen van onderzoekscomponenten om hen toegankelijker

te maken voor milieuonderzoek en -management.

De verschillende informatiesystemen worden verbonden door een tweetal
infrastructuren: een functionele die zich met name richt op de cognitieve
toegankelijkheid van informatie en een technische die zich richt op de fysieke
toegankelijkheid van data en informatie. De functionele infrastructuur richt zich op de
ontwikkeling van onderzoeks-componenten, de optimalisering/integratie van
componenten en gebruikers interface ontwerp. In deze studie is de technische
infrastructuur beperkt tot een ruimtelijke gegevens infrastructuur aangezien ruimtelijke
gegevens belangrijke elementen zijn in het voeden van de drie onderscheiden
functiegroepen.

Dit raamwerk plaatst GIS in een breder GIT kader, rekening houdend met de
vereisten van communicatie en uitwisseling. Dit raamwerk is toegepast voor de
ontwikkeling van een pesticide risicomanagement systeem: toetsing van het raamwerk
heeft daardoor plaatsgevonden. 
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Het ontwikkelen en integreren van onderzoekscomponente n
voor pesticide risicomanagement: het Europese Pesticide n
Project

Een belangrijk multi-dimensioneel milieuprobleem is het negatieve effect van het
gebruik van pesticiden op mens en milieu. Het gebruik van pesticiden in de landbouw in
Nederland en daarbuiten is aanzienlijk. Zowel op de verschillende administratieve
niveau’s als op het microniveau (bijvoorbeeld via landbouworganisaties) wordt inzet
verwacht om pesticidengebruik te verminderen zodat de negatieve effecten op mens en
milieu afnemen. Ruimtelijke informatie geeft inzicht in lokale en regionale verschillen
van pesticidenbelasting en -gevoeligheid en kan daarmee een bijdrage leveren aan
oplossingen die meer afgestemd zijn op lokale en regionale kenmerken.

Om ruimtelijke informatie aan te bieden aan pesticide managers zijn veel
onderzoekscomponenten nodig. Om de toegankelijkheid tot deze componenten en de
resulterende informatie te vergroten is het Europese Pesticiden Project opgestart. Het
project richtte zich op het ontwikkelen en integreren van onderzoekscomponenten om
(met name) pesticide toelatingscommissies te ondersteunen in hun activiteiten. Hierbij is
in het bijzonder aandacht besteed aan de regionalisatie van effecten, en beslissings-
ondersteuning, zoals bijvoorbeeld de visualisatie van informatie en het integreren van
afzonderlijke milieueffecten (grondwater, bodem en oppervlakte water). De integratie
van onderzoekscomponenten heeft geresulteerd in het geïntegreerde
milieumanagementsysteem EUPHIDS (EUropean Pesticide Hazard Information and
Decision-support System).

De drie onderscheiden onderzoekscomponenten zijn geoptimaliseerd binnen
EUPHIDS. Dit geldt voor de functionaliteit ten behoeve van de ruimtelijke gegevens-
verwerking en beslissingsondersteuning. Uitgebreider is in deze studie de
regionalisering en optimalisering van de modelleringsfunctionaliteit beschreven, met
name de verschillende benaderingen om geregionaliseerde concentraties van pesticiden
in grondwater te bepalen op het onderzoeksniveau en om implementatie van deze
functionaliteit binnen management applicaties mogelijk te maken. Daarnaast zijn
verschillende gevoeligheidsanalyses uitgevoerd, met name om verschillen in uitkomsten
tussen beide methoden te testen. 

In het Europese project werkten vijf onderzoeksinstituten aan de ontwikkeling en
integratie van de benodigde onderzoekscomponenten. Het originele idee van het project
was het aantal GIS-pakketten te beperken tot één of twee. Gezien de verschillende
behoeften van de verschillende actoren op zowel het onderzoeks- als managementniveau
veranderde dit idee naar een concept, dat zich richtte op het verbeteren van de
communicatie (op functioneel en technisch niveau) tussen de verschillende disciplines
werkend met een veelheid aan GIS omgevingen. Dit laatste betreft een zware GIS-
omgeving ter ondersteuning van ruimtelijke gegevensbewerking en modelontwikkeling,
een lichtere meer toegankelijkere omgeving voor de ontwikkeling van beslissings-



202

ondersteunende functionaliteit en EUPHIDS, een geïntegreerd management informatie-
systeem, die door middel van een user-interface op een transparante en gestructureerde
wijze toegang geeft tot onderliggende onderzoekscomponenten.

Het ontwikkelen en integreren van de verschillende componenten is in EUPHIDS tot
stand gekomen. Ofschoon de functionele en ruimtelijke gegevensinfrastructuur niet
geheel tot volwassenheid zijn gekomen (wat ook niet het doel was), heeft het project
zeker het belang aangetoond van een goede integratie van onderzoek en management.

De functionele infrastructuur (communicatie omtrent ontwikkeling en
integratie/optimalisering van onderzoekscomponenten en gebruikersinterface) heeft met
name z’n belang laten zien bij de communicatie tussen de verschillende project partners.
Alle onderzoekscomponenten zijn in zodanige vorm ontwikkeld, dat integratie van
functionaliteit en gegevens in EUPHIDS mogelijk was: dit geldt voor de ingebrachte
functionaliteit (ruimtelijke gegevensverwerking, milieumodellen en beslissings-
ondersteunende technieken) en de bijbehorende (ruimtelijke) gegevens. Een aantal
aspecten binnen het project wijzen op het belang van een goede relatie tussen onderzoek
en management applicaties, bijvoorbeeld een goede overbrenging van onderzoeks-
componenten (de geoptimaliseerde functionaliteit is niet toepasbaar voor alle
pesticiden); en een goede controle van de kwaliteit van ruimtelijke gegevens
(inconsistentie van gegevens op verschillende ruimtelijke schaalniveaus komt voor).
Beiden kunnen resulteren in onbruikbare informatie. Verder toonde de
gebruikersinterface van EUPHIDS zijn waarde in de discussies tussen de verschillende
projectpartners, en met name tussen het projectteam en managers.

In het project is een begin gemaakt met het ontwikkelen van een ruimtelijke gegevens
infrastructuur: het werken met verschillende typen GIS, het identificeren van
standaarden voor data uitwisseling, het documenteren van (gegenereerde) gegevens. Dit
laatste aspect is sterk gerelateerd aan de cognitieve toegankelijkheid. Ofschoon nog niet
tot volwassenheid uitgegroeid, toont het project het belang van een
infrastructuurraamwerk voor het opzoeken van ruimtelijke gegevens en het uitwisselen
van deze gegevens tussen de verschillende informatiesystemen.

Het project gaf aan dat onderzoek en management gezien moeten worden als twee
complementaire omgevingen. Onderzoek moet componenten op een juiste wijze
implementeren in een beslissingsondersteunend systeem, hierbij mogelijke
onzekerheden in acht nemend. Indien uit EUPHIDS blijkt dat een bepaalde pesticide in
bepaalde regio’s leidt tot onacceptabele volksgezondheids- en milieueffecten, dient een
meer gedetailleerd onderzoek plaats te vinden op het onderzoeksniveau. Deze
handelwijze benadrukt de rol van een goede communicatie, en dus infrastructuur tussen
de twee omgevingen.
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De toekomst van de infrastructuur

Beide infrastructuren (functioneel en technisch) toonden hun relevantie in het
ontwikkelen van onderzoekscomponenten en het toegankelijk maken van deze
componenten. Beiden ondersteunen communicatie tussen GIS applicaties die zich
richten op ruimtelijke gegevensopslag, en/of ruimtelijke analyse en/of management
applicaties. Toekomstige ontwikkelingen in het kader van de functionele infrastructuur
kunnen zijn:
- Meer aandacht voor de economische component om te komen tot geïntegreerde

informatiesystemen die informatie kunnen verstrekken over de duurzaamheid van
(agro-) economische ontwikkeling.

- Meer aandacht voor de optimalisering van onderzoekscomponenten, de onzekerheid
die daarmee optreedt, en eventueel het inbrengen van expert informatie in
gebruikersinterfaces om gebruikers verder te ondersteunen in een juist gebruik van
het systeem, en het terugkoppelen naar de onderzoeker. 

- Het meer betrekken van managers in de ontwikkeling van geïntegreerde management
informatiesystemen. EUPHIDS richt zich met name op pesticide toelatings-
commissies. Om toepassing op lokaal niveau (bijvoorbeeld ten dienste van
landbouw-organisaties) te verbeteren zouden aanpassingen aan het systeem, en met
name de gebruikersinterface, onderzocht moeten worden.

De ruimtelijke gegevens infrastructuur kan, zeker ook gezien de ontwikkelingen op
het gebied van Open GIS, verder uitgewerkt worden naar een meer technische
infrastructuur die ook de uitwisseling van functionaliteitscomponenten mogelijk maakt.
Daarnaast zou het interessant zijn het gebruik van het Internet verder te onderzoeken om
na te gaan in hoeverre dit internationale communicatienetwerk van dienst kan zijn bij
het actueel houden van geïntegreerde managementsystemen.

Epiloog
Deze studie heeft getracht de ruimtelijke informatiestroom van onderzoek naar

management een meer dynamisch karakter te geven door middel van het inbedden van
geïntegreerde informatiesystemen in een functionele en ruimtelijke gegevens
infrastructuur, gebruik makend van de meer recente ontwikkeling van GIS in de richting
van Geografische Informatie Technologie (GIT). Enerzijds, wordt hiermee
ondersteuning gegeven aan het ontwikkelingstraject van GIS van ruimtelijke data-opslag
en ruimtelijke analyse systemen naar managementsystemen. Anderzijds wordt het
belang hiermee ingezien dat ieder systeem afzonderlijk, en geïntegreerde management
informatie-systemen in het bijzonder, in directe relatie moet staan tot de andere
complementaire systemen voor de ontwikkeling en uitwisseling van
functionaliteitscomponenten en ruimtelijke databases. Een dergelijke structuur zal voor
een deel voorzien in de informatiebehoefte van milieumanagement op de verschillende
administratieve schaalniveau’s en het microniveau, en daarmee ondersteuning bieden
aan milieumanagers bij het nemen van ruimtelijke beslissingen betreffende complexe
milieuvraagstukken.
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