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Abstract

An integrating approach, including knowledge about whole systems of processes, is essential in 
order to reach both development and environmental protection goals. In this thesis Geographical 
Information Systems (GIS) are suggested as a tool to realise such integrated models. The main 
hypothesis in this work is that several natural technical and social systems that share a time-space 
can be compared and analysed in a GIS. My first objective was to analyze how GIS can support 
research, planning, and, more specifically, bring a broad scattering of competence together in an 
interdisciplinary process. In this process GIS was ivestigated as a tool to achieve models that give 
us a better overview of a problem, a better understanding for the processes involved, aid in 
foreseeing conflicts between interests, find ecological limits and assist in choosing countermeasures 
and monitor the result of different programs. The second objective concerns the requirement that 
models should be comparable and possible to include in other models and that they can be com
municated to planners, politicians and the public. For this reason the possibilities to communicate 
the result and model components of multidimensional and multi-temporal data are investigated.

Four examples on the possibilities and problems when using GIS in interdisciplinary studies are 
presented. In the examples, water plays a central role as a component in questions about develop
ment, management and environmental impact. The first articles focus on non-point source pollutants 
as a problem under growing attention when the big industrial and municipal point sources are 
brought under control. To manage non-point source pollutants, detailed knowledge about local 
conditions is required to facilitate precise advices on land use. To estimate the flow of metals and 
N(itrogen) in an area it is important to identify the soil moisture. Soil moisture changes over time 
but also significantly in the landscape according to several factors. Here a method is presented that 
calculate soil moisture over large areas. Man as a hydrologie factor has to be assessed to also 
understand the relative importance of anthropogen processes. To offer a supplement to direct 
measurements and add anthropogen factors, a GIS model is presented that takes soil-type, 
topography, vegetation, land-use, agricultural drainage and relative position in the watershed into 
account. A method to analyse and visualise development over time and space in the same model 
is presented in the last empirical study. The development of agricultural drainage can be discussed 
as a product of several forces here analyzed together and visualized with help of colour coded 
"Hyper pixels" and maps. Finally a discussion concerning the physiological and psychological 
possibilities to communicate multidimensional phenomena with the help of pictures and maps is 
held.

The main conclusions in this theses are that GIS offer the possibilities to develop distributed models, 
e.g., models that calculate effects from a vide range of factors in larger areas and with a much 
higher spatial resolution than has been possible earlier. GIS also offer a possibility to integrate and 
communicate information from different disciplines to scientists, decision makers and the public.

Key words: Geographic Information Systems (GIS), Landscape Ecology, Artificial Drainage, 
Distributed Models, Environmental Change, Environmental Impact, Environmental Engineer
ing, Landscape History, Drainage Technology, Historical Geography, Multidimensional and 
Multi-temporal Analysis, Hyperpixel, Colour Coding and Presentation of Multidimensional 
Data
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1 GIS AS A KNOWLEDGE INTEGRATOR

1.1 Introduction and aim

Contemporary studies of planning, land use, technology and environment are 
constrained by the partial nature of available disciplinary theories, models, tools 
and practices. This thesis claims that Geographical information Systems (GIS) 
can be developed for integrating perspectives and information into more valid 
models of the interaction between man and the environment. In the discussion 
on how to address questions concerning environment and development - as they 
are expressed by, for example, the Club of Rome, the Brundtland commission, 
the UN environmental conference in Rio De Janeiro 1992 (UNCED) and in 
several national environmental policy programmes - the need for new scientific 
approaches is expressed (Clarke 1991, Falkenmark 1992, Meadows et al. 1972, 
Somolyódy 1992, Öberg 1992). These authors claim that an integrated approach 
is essential to reach both development and environmental protection goals. 
Information about, for example, climate, land protection, water related problems, 
and population should be handled concurrently - knowledge of whole systems 
of processes is required. Water, as a central component in questions about 
environment and development, should be considered together with issues on land 
use and technological implementations.

Geographical Information Systems are suggested as a scientific tool for data 
acquisition and integration, geographical analysis and illustration of the results 
(Aronoff, 1990; Burrough, 1986; Fogelvik et al. 1981; Hägerstrand 1955; 
Sivertun, 1986; Taylor, 1980,1983,1985,1991; Tomlin, 1990, 1991). The main 
hypothesis in this thesis is that several natural technical and social systems that 
share a time-space can be compared and analysed in a GIS. To explore the main 
hypothesis following areas have been investigated;

- A Distributed Modelling Approach for Monitoring Landscape Dynamics
- Development of Distributed Models for Physical Planning and Research
- Handle Models of Different Scale
- Allow Multidimensional Models Describing Several Functional Systems
- Develop Multi-Temporal Descriptions and Analysis
- Aid in Interdisciplinary Dialogue and Analysis
- Support Analysis and Presentation of Multidimensional data

The term GIS was coined by Roger Tomlinson (1973). The expectations on this 
new information technology have been high. The proposition that we are "data- 
rich but information-poor" (Ward et al. 1986) is still valid. At first glance, the

1



possibilities to collect fundamental data over vast areas and calculate the 
interdependence between localised attributes for regional and global studies, 
seem to be provided by the basic tools in GIS. However it is another question, 
whether present implementations of GIS fulfil the requirements to produce 
adequate information and a sufficient basis for analysis in several spatial, 
temporal and conceptual dimensions.

Along with attribute information found in computerised information systems, 
Geographical Information Systems are specialised at managing attributes of 
location and locational extension of features. GIS also provide possibilities to 
calculate topology, i.e., relations between objects and clusters of objects. 
Temporal analysis is an emerging area in contemporary applications of GIS 
(Sivertun et al 1986). There are also suggestions about using GIS in systems 
analysis of complex environmental problems (LeDuc 1991a, Sivertun, 1991). 
Interdisciplinary studies with GIS, however, are rare so far. Fundamental aspects 
of visual communication by means of GIS are also less commonly studied as are 
practical GIS applications, despite expressed needs. In this thesis a discussion 
is accomplished about the reasons for this, so far weak development of GIS. A 
critical survey of existing GIS software, hardware and a discussion about their 
hosting organisations is held in the chapter referred to as (I). Different scientific 
approaches are also discussed and represented by traditional methods versus GIS 
methods, with a focus on studies of water and diversity in the landscape.

Studies of Water

Since water is a basic prerequisite for life in the biosphere, an important 
chemical and physical component for human development and the main subject 
for hydrological studies, water related questions are obvious candidates for 
interdisciplinary studies. The different spatial and temporal scales involved in 
traditional disciplinary work creates severe problems when comparing and 
combining them. This problem poses the question about the relevance of the 
models that are developed within the different single-water concerned 
disciplines. Another problem occurs when comparing models representing 
physical structures and processes in nature with man-made structures and 
activities. There is also a problem in communicating and sharing these complex 
models with other researchers, policy makers and the public.

In studying water related questions and understand water dependent systems, the 
river basin often constitutes a suitable study area (Falkenmark 1992, Somolyódy 
1992). Main water related issues such as flood and drought, erosion, nutrient
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losses, eutrophication and pollution are, however, often the result of several 
small-scale, local and private activities. National agencies often work in a meso 
scale (counties and countries) despite that the final effects of emissions and 
mismanagement often hit on a large scale, with world-wide consequences. In 
addition, there are problems of differences in influence areas studied scientifi
cally, administrative borders and powers of the authorities in charge of water 
related questions.

Nonpoint Source Pollutants

In Sweden, as well as in many other countries, the harm associated with lunging 
nutrients and toxic substances into water have been frequently addressed. The 
threat is not only to water sources and human health, but also to marine life 
itself. To improve the situation in the North Sea, in the Baltic Sea and along the 
coasts and lakes in southern Sweden decisions have been made to reduce the 
loadings of nutrients by more than 50% (North Sea Conference, 1987; Helsinki 
Commission, 1988; Fleischer et al., 1989). These loadings are of different types, 
namely nonpoint, semi nonpoint and point sources. For example, point 
sources are sewage water works and industries with a controlled outlet of waste. 
The nonpoint sources are for example leaching of nutrients from agricultural 
land and metals from forested areas.

Despite an ambitious and largely successful program to control the point sources 
in Sweden, huge amounts of substances that make the water less suitable are 
emitted from diffuse (nonpoint) sources (Löwgren and Karlsson, 1987 and 
Karlsson et al. 1988). It has also been shown internationally that nonpoint 
sources of pollutants have increased in relative importance when trying to 
control the emissions of nutrients and toxic substances. It has been shown that 
sites, critical as nonpoint water pollutant sources, vary significantly over an area. 
The critical areas are characterised by the occurrence of several natural and 
anthropogenic causes (Nonpoint Source Task Force 1984, Thorton and Ford, 
1985, Hopkins and Claussen, 1985). The conclusion is that a land resource 
perspective is important to introduce when trying to control water quality and 
water resources (Maas et al. 1985). To be able to monitor land use and to follow 
up different water quality goals, it is not sufficient to study the problem on just 
the river basin level. It is desirable to control all the critical areas in a drainage 
basin. Since land use might change rapidly and since knowledge about hydrolo
gical processes and other processes develops, it should also be possible to easily 
update basic data and frequently repeat the studies.
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From this follows one of the question in this thesis, namely if it is possible to 
develop and use a Geographical Information System (GIS) for modelling and 
describing distributed processes. The implementation of distributed models, 
which in this case means models that consider the processes and consequences 
of actions in every small piece of land, is essential for using the models in 
physical planning and resources management. The result of these processes can 
also be combined and integrated in GIS for descriptions of whole regions, as 
watersheds or counties.

Since several environmental research questions involve numerous processes in 
the atmosphere, on land and in water, it is advantageous to be able to model the 
combined effects from several natural conditions and man induced emissions. 
Several studies have been made on climatic change and its impact on water 
resources/water quality as well as socio-economic development, but 
comprehensive studies are almost missing so far (Somolyódy 1992). It is 
necessary to stress the difficulty of combining and comparing knowledge about 
processes in the water system, land and soil processes and the impact from 
humans because traditional models are often designed for different spatial 
resolution - in some cases there is no spatial property at all. The difference in 
scale can be between biological models with a micro perspective (at the most 
1 m3) to atmospheric models, covering continents in a macro scale. The time 
perspectives also differ between atmospheric, hydrological, biological, socio
economic and geological studies. As processes and systems of processes in 
nature and society have both spatial and temporal aspects, models of these 
systems should preferably include their temporal as well as their spatial 
properties.

While studying processes in nature and society, the mutual dependency between 
"natural" and man-induced factors is important. When land becomes more 
densely utilised, the conflicts between different uses and users might create 
problems. Especially when resources are scarce, it is important to monitor and 
manage these resources regarding their coherence and conflicts between different 
needs. Land use and water resources, in particular, are such areas of concern 
that are tightly interlinked. In order to ensure sustainable economic development 
improved scientific and administrative tools are needed. What then are the 
requirements for a GIS to be able to handle dynamics and multiple dimensions?

4



Physical Planning

The conflicts between physical conditions and human activities can be defined 
as friction (Hägerstrand 1991). In order to diminish this friction technical 
systems like dams, drainages, roads, etc. have been designed. One of the reasons 
for introducing physical planning and environmental impact analysis, is to assure 
a sustainable development and identify uses that hinder other utilisation and 
users.

In physical planning and environmental impact studies, there is still the problem 
of combining impacts within and between systems. Analyses of technical 
systems seldom consider human behaviour and the limits of natural systems. 
Traditional environmental impact models rarely include data from all involved 
systems. Partly as a result of this lack of scope in physical planning and 
information retrieval, natural recharge areas for ground water, as well as 
historically interesting areas are under pressure for exploitation. These conflicts 
between interests are very clear when studying water related problems. The use 
of a stream or a lake can cause many conflicts. Water can be used as drinking- 
water, industrial process water, as a recipient for waste- or storm water, for 
hydropower, for transports, for irrigation, for fishery, as a beautiful landscape 
element and as a resort area. Some of these uses exclude each other but others 
are possible to combine with the help of mutual adjustments in practices and 
management.

Several countries require environmental impact assessment studies to ensure that 
natural and cultural resources are not spoiled. There is also a growing shared 
desire to find solutions to the stressful environmental problems, to evaluate 
environmental consequences and to meet the dilemma of allocating scarce 
resources to increasing demand. This widespread concern is addressed by both 
the public and the private sector. As a result of this consciousness, "ecologically 
sound products" are now means of competition in the private sector. The task 
of meeting public and economic concern, calls for methods to compare the life 
cycle of different products and production processes. Both problems with global 
changes of essential factors for human life and more local problems require this 
conceptual view of whole systems for a better understanding of the processes 
involved. Veritable "environmental bombs" are discovered since combinations 
of metals and chemicals that are remains of old industrial and agricultural 
activities might become mobile due to changed land use and changed chemical 
conditions (Dearing et al. 1987, Forsberg & Wallsten 1986, Phillips-Howard 
1985). These "environmental bombs" are partly the result of ignorance about 
specific chemical processes but are also due to unawareness of other systems
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that function as preconditions or as catalysts for the activation and mobilisation 
of these substances.

Taking care of waste - waste being defined as the wrong substance in improper 
concentration in an unwanted place - is the final emission problem. The 
necessity to involve spatial and temporal properties in models that can handle 
these problems calls for geographical methods. A whole set of geographical 
methods is available to analyse and describe the involved processes and systems, 
to understand the coherence between factors generating complex systems, as 
well as the coherence between conceptual systems - including their spatial and 
temporal properties.

Geographical Information Systems - GIS

In this thesis Geographical Information Systems (GIS) are defined as 
information systems (IS) that differ from other ISs by their ability to handle 
objects and events with a geographic position or extension. The definition of 
GIS here also requires a computerised IS that can handle geographical methods. 
Such methods are here defined as a combination of spatial methods derived from 
geographical, as well as other disciplines. The models handled should be 
distributed, i.e., they should describe processes over large regions, while at the 
same time preserving information about small pieces of land and many involved 
factors. In these models it should be possible to handle and visualise dynamic 
processes. However, the sum of these requirements excludes most existing GIS 
computer programs.

The question of integrating the diverse perspectives existing within different 
disciplines has to be addressed. A successful attempt should mix knowledge 
about natural regions with administrative, political as well as psychological 
regions. It should be possible to break down known patterns into their smallest 
observable components and re-assemble them into new patterns, with the 
purpose of forming different relevant pictures of our world. Here the old debate 
continue on whether (a) there exist things/objects in time and space that have 
(known and unknown) attributes or (b) the spatio-temporal clusters of known 
attributes ARE the things/objects (Couclelis 1992). Two other questions - if it 
is possible to describe the whole "reality", and if we describe "the thing in it 
self' or our expression for it, will continue for ever. These different paradigms 
are, to some extent, reflected in the diverse implementations of GIS (I). If maps 
could be used as a common language to partly bridge this gap or if maps could 
be used as an integrator between different conceptual levels and system levels
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with their articulations/representations (VI), we must investigate the semiotics 
of maps. The success in this task of integration is also dependent upon the 
existence of a relationship between spatial cognition and environmental patterns 
(Freundschuh 1992).

1.2 Objectives of the study

The empirical studies covered by this thesis are about land and water use, a field 
of research where both environmental and social factors are involved. Such 
studies requires not only knowledge from several disciplines, but also knowledge 
from different organisations that work in separate fields. Water is handled by a 
number of different academic institutions. Water in rivers and lakes is studied 
by limnologists. Likewise, water in the soil, chemical hydrology, cryology, water 
resources, meteorology, fluvial morphology, ground-water hydrology, etc. are all 
handled by different groups of scientists.

The first objective of this thesis is to investigate how GIS can support planning, 
research and, more specifically, bringing together a broad variety of 
competences for analysis of processes on land and in water.

Can GIS contribute to achieve a better overview of a problem? Can it help us 
in testing different points of view and give us a better understanding for the 
processes involved? The possibilities to foresee conflicts between interests and 
ecological limits have, so far, been limited. GIS will be a major contribution if 
it offers an ability to reveal at an early stage the mentioned conflicts, assist in 
choosing countermeasures and provide the possibility to monitor the result of 
different programs. A tool to describe the involved functional systems is also 
needed, which is difficult without the help of computerised information systems. 
Furthermore, if GIS contribute to achieve a more relevant picture of the forces 
behind, and the consequences of, the interaction between man and the 
environment, our understanding of the systems will improve.

Many methods and models lack a spatial component. From the desire to employ 
a model in a GIS follows a discussion about the implications for the model 
itself. To what extent can the model be applied to fit in a GIS? Is it possible to 
analyse distributed phenomena over large regions and what are the implications 
for problem formulation and results? Is it possible to take advantage of several 
data-sources in the analysis and can different disciplinary perspectives be 
integrated? The possibility of connecting different components in a model is 
relevant since the distributed model approach gives extended knowledge about
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the involved systems, even if the preliminary aim is restricted to the results of, 
for example, an impact calculation.

The second objective, the question wether GIS can support the requirement that 
models should be comparable and possible to include in other models and 
become communicated to planners, politicians and the public.

For this reason the possibilities to communicate the result and model compo
nents of multidimensional and multi-disciplinary data are investigated. To what 
extent can GIS contribute in combining data and knowledge from different 
models such as models of pollution in the air, in the soil, in water and by human 
practices? It is a question about the scale over which the studied processes work, 
but also the way the different sub-problems are defined and presented. By 
presenting special studies on land and water the respective specialists have small 
help from each other. It is difficult to calculate the combined effects of different 
polluting processes and difficult to reformulate problems, sources and goals.

The social and cultural aspects of the changing use of land and water are 
important to include in such studies. To test the possibilities of incorporating a 
historical perspective as well as the time dimension, some aspects of enclosure 
and agricultural drainage have been studied. The consequences and the long 
term impact caused by the changed relations between the use of land and of 
water resources have, so far, only to a small extent been taken into consideration 
in environmental studies. This question is addressed by the help of some 
examples of how historical maps can be used to investigate areas with 
considerable changes in land use (IV, V). The purpose of these examples is to 
combine history of patterns in the time dimension with spatial information into 
a historical-geographical information system that can be used by different 
scholars to determine the long term effects on nature of human activity.

Special attention is needed, however, when trying to find methods to integrate 
knowledge from different disciplines, with differing definitions and diverse 
methods of analysis. The answer to the question of how to integrate knowledge 
can be sought through disciplinary cross-breeding but also by means of systems 
that aid in the analysis and communication between the persons involved 
(Hydrologins Nya Ansikte, 1986). The more "positivistic" approaches used by 
technicians can, for example, be compared with the reflections made by 
representatives from the humanities and the social sciences. From this follows 
that the objects studied must consist of the spatio-temporal clusters of attributes 
- as they are understood by different observers - in a common time-space 
(Couclelis 1992). This will also, hopefully, propagate pluralism and require a
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critical theory when collecting and analysing the geographical data that are used 
in a GIS project. In this way GIS can host both quantitative and qualitative 
paradigms within (at least) Geography (Taylor P.J. 1991).

The use of a metalanguage, in the form of digital maps, is suggested in this 
thesis in order to help integrating different disciplinary languages. The scientific 
methods required to use computerised Geographical Information Systems for 
these purposes, still have to be investigated as well as questions concerning data, 
research approaches and communication. These questions make GIS a research 
field of its own.

1.3 Problems identification in GIS research 

GIS and Systems Science

The processes addressed in this thesis are defined as belonging to one of three 
systemic types - Natural, Technical and Social systems. This division is made 
to stress that processes within each of these systems function partly according 
to their own laws and rules. Natural systems follow natural laws - mainly 
composed of geological, physical, chemical and biological processes.

Technical systems are introduced to facilitate the use of natural resources or 
make their utilisation easier, and also to protect against and combat them. These 
technical systems involve the production of commodities, most services, 
transport and, finally, taking care of waste. The society in which these processes 
take place, how it is organised and the behaviour of each individual is of great 
significance. Social systems consist of rules for and actual human behaviour, 
which is not necessarily destructive. It can be creative and protective as humans 
take part in the processes where land becomes a landscape.

In order to understand environmental impact of human activity, it should be 
possible to understand technical systems in relation to natural systems, and 
furthermore in relation to the organisation of society and individual behaviour. 
A total systems science description of a region can never be obtained due to the 
complexity of the task. As a basis for decision, however, we need better 
overview and approximations of preconditions and the consequences. One 
should define system limits and clearly state assumptions on what is outside the 
system. Moreover, to achieve this overview we need to employ different 
perspectives from traditional disciplines, and scientific tools to combine results

9



from different studies and to compare the results from studies.

The problems addressed in the thesis are formulated into questions where 
different natural, technical and social systems are involved. By using space as 
a frame an attempt is made to compare processes within several functional 
systems. To investigate these questions, a part of the natural system - 
hydrological response - is modelled together with the technical system agricul
tural drainage. In the next step all three levels of systems are combined in the 
same model to determine the natural, technical and social factors that historically 
have induced agricultural drainage. Finally, the possibility is tested to 
communicate these distributed system models with help of GIS.

The methods developed in this thesis are intended to be applicable to a wide 
range of tasks that involve several scientists, planners and politicians. This type 
of research is significant for i.e. environmental impact assessments (EIA), where 
different technical and administrative options are investigated. Also transport 
systems and other types of infrastructure are as essential factors of production, 
important fields for development and care (IV). The maintenance and use of the 
total resources and utilities in a country are of great importance, because 
investment costs in technical systems are high. At the same time traffic and 
transports induce severe environmental and energy related problems. If 
production systems, transport systems and waste handling systems are not 
managed together, the entire basis of life and production - such as water - is 
easily threatened. This threat is serious and there is a growing awareness that 
"problems concerning water quantity and quality as well as the care of 
agricultural land are areas in urgent need of research" (Falkenmark 1991). Huge 
amounts of data are involved and it is also necessary to monitor changes over 
time and analyse trends to be able to predict the effect. The inability to foresee 
the Sahel catastrophe in Africa, the vanishing ozone layer or dying lakes, are 
examples of failures in our ability to collect and combine information from 
different disciplines together with new knowledge to draw adequate conclusions. 
Better tools - like GIS - might to some extent help making descision makers 
aware.

This need to combine information from different sources is also in growing 
demand from industry. As information becomes an important part in production 
and products, an infoiogic infrastructure becomes a great advantage. The 
expression "infologic" (as defined by Langefors 1987) focus on the need in a 
society for a human knowledge base, extended media as well as data to achieve 
a widened knowledge. In market analysis, to determine if an area is suitable for 
setting up a new activity, in constmction of buildings and workshops as well as
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in making environmental impact assessments, such an infologic infrastructure is 
of great help. The needs in society call for methods to combine information of 
different types, to integrate information, to find solutions and to give adequate 
basic facts for decisions. Is this facilitated with the introduction of GIS?

GIS and Social Sciences

To be able to get an answer to questions on how to utilise natural, technical and 
human resources in a better way, several problems concerning knowledge 
generation and utilisation have to be addressed. In this specific case, the 
question is what knowledge about hydrological processes and anthropogenic 
impact is available and what data are used for the models? Information is costly, 
but it is also a question of how to utilise resources within administration so that 
the policy makers are provided with adequate decision support.

In my view an information system should include the following properties to 
function as a decision support; a) Knowledge has to be gathered and combined 
from several administrative, professional and scientific fields; b) The position, 
the spatial extension and patterns of occurrence, are important dimensions of the 
studied phenomena; c) The time factor is an important dimension as processes 
always move from the past into the future; d) The possibility to handle 
knowledge that is complex, i.e., multi-dimensional, is essential; e) The 
possibility to model small and large scale processes simultaneously is desirable; 
f) Knowledge and data concerning these systems ought to be communicable to 
other scientists, politicians and the public; g) The possibility to determine what 
is unknown is as important as to assemble completed results; e) The models 
must be capable of describing the friction within and between the systems 
involved.

Problems in Data Acquisition

In order to achieve the above mentioned capabilities in information handling and 
processing, a change in administrative structures and culture is probably needed. 
A discussion is presented in paper (I) where the conclusion is that the 
production and flow of information between administrative or functional units 
has to be co-ordinated to fulfil the need for appropriate decision support. There 
is also a need to georeference the data to facilitate information retrieval in 
databases that havé been created by different organisations, for different 
purposes and with different administrative and conceptual structures. The basic
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ideas regarding the integration of these data in Sweden were formulated as early 
as 1955 by Torsten Hägerstrand in an article where he suggests that statistical 
primary data and air photos be combined with the help of "data processing 
machines" (Hägerstrand 1955). This also inspired the layout of the Swedish 
cadastral register and several other registers that are referenced in a common 
national reference grid. This forms, together with a unique series of historical 
population records, a data source almost unequalled in the world. Other 
countries and the European community now create mainly physical geographical 
databases for the purpose of making environmental and resource studies. 
Accessibility of data is, however, a question of price and there are technical and 
administrative obstacles for using them. The policy in the U.S. to provide data 
that are collected with public funding, allows users to develop different 
applications. The availability of, for example, the U.S. census Tiger files 
resulted in a more widespread use for public and private purposes than the 
corresponding Swedish databases, in spite of the U.S. databases having a much 
lower spatial resolution. Missing data as well as inadequate methods and models 
are still sources of problems. The difficulty of combining data and knowledge 
is ultimately expressed in the incapacity to understand and handle the processes 
in the atmosphere and the sea that threaten the possibility of sustainable human 
development.

Interdisciplinary GIS

To be able to handle questions about land and water and to consider 
anthropogenic impact an interdisciplinary perspective is fruitful. This perspective 
should contain the possibilities to handle models and knowledge from different 
traditional scientific fields, calculate the combined effects and use spatial 
methods to, not only give average values, but also answer questions about the 
distribution of the studied phenomena in space and time.

The need for integrating knowledge between disciplines and between branches 
of the same mother-discipline is as timely as ever. Scientific language differs not 
only between natural science and the humanities (Snow 1961) but diverge is also 
obvious between research topics. Models developed on atmospheric conditions 
are hardly possible to combine with models concerning ground and soil 
processes. Within a specific fields such as water research different aspects are 
studied by different groups of scientists with different perspectives. The 
combined effects of different processes due to rainfall, erosion, processes in 
soils, in the ground and streams have until now been very difficult to estimate. 
When different aspects - such as changing land use, human behaviour or other
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processes that work over huge areas - are added there have been no real means 
developed to evaluate the consequences for water quantity and quality, despite 
some early attempts.

The answers to questions on how to handle such important and complicated 
issues can seldom be found in one traditional academic discipline. Even if 
knowledge concerning the parts of the complex problem above is at hand, it is 
hard to draw adequate conclusions. That is a reason for developing a "language" 
and other means to combine, calculate and communicate between different 
disciplinary and sectorial perspectives. Geography can provide some methods of 
analysing and showing distributed or spatially scattered phenomena. This is 
especially important since environmental and resource questions often contain 
conflicts between different users or processes in time and space. Space, time and 
the friction between objects, subjects and events within the geographical frame 
constitute the limits of action for individuals, companies as well as nations. A 
problem among geographers is the diversion to separate perspectives on time- 
space, which some times makes the models as disparate and as uncontextual as 
between other scientific perspectives.

The possibility to integrate knowledge from different scientific fields is within 
reach for geography with its "metonymical" point of view. The discipline cannot 
be the universal discipline as deep knowledge about the different natural, 
technical and societal systems is divided between all disciplines providing 
research. My opinion is that the important research tasks of providing integration 
and possibilities to present the results in a suitable form can perfectly well be 
performed with Geography as a focal point.

Integration and Geography

Overlay techniques, where different thematic or temporal maps are compared, 
and other regional geographical approaches use basic methods that can be 
employed to take advantage of information about the spatial variations in an 
area. Some interdisciplinary questions geographers have to address are whether 
traditional geographic models are possible to implement in GIS or if they have 
to be modified to meet the new requirements? Do, for example, traditional 
regional models give enough spatial resolution to employ the information 
available in the spatial variations? Is it then possible to develop GIS in such a 
way that the huge amount of data and areas that are concerned can be handled 
in a computerised information system? In the studies (II) and (IH) the USLE 
model (Universal Soil Loss Equation) had to be modified from a "single field
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scale" to be used in a distributed way in a GIS. Is it then possible in the same 
model to combine physical- and social geographic questions, such as to what 
extent humans impact on the hydrological regime? How can knowledge be 
represented in a GIS? What techniques are practical and appropriate? How is it 
possible to integrate different geographical scientific approaches and other, non- 
quantitative, approaches in such models?

Information technology and systems science are research fields that need to be 
employed to understand processes, handle the huge amount of data that is 
involved when trying to tackle the results of several small processes and to 
estimate the regional or global consequences. Traditional research approaches 
are not seldom shown to be too general to be useful in planning. The 
insufficient accuracy in models, which do not even use the data sources that are 
becoming more generally available due to the technical and administrative 
development, has been stressed (Fri 1988). A way to test to what extent a model 
can be integrated with other spatial models is to implement it in a multipurpose 
GIS. This will raise questions about data and data formats, about the model, 
about the validity and reliability of the approach and about confronting it with 
other approaches and administrative constraints.

1.4 How this thesis is communicated

This thesis consists of an introduction with some reflections on how to present 
solutions from a diversity of knowledge in very narrow disciplinary and 
professional sectors (I). The idea introduced here is that time-space models 
regarding several natural, technical and social systems (as in the studies of land 
use and water) when implemented in GIS, can become integrated for a better 
understanding of the studied phenomena. The intention is further to develop 
models suitable to communicate to planners, politicians and the public. To test 
this hypothesis some practical studies are presented (Ü-V).

The first introduction (I) deals with central problems in implementing GIS for 
the purposes earlier discussed. After this overview concerning the technical 
possibilities of implementing the rather complicated data structures that need to 
be handled when modelling properties both in space and time, some tests in 
managing environmental problems in GIS are presented. The first test (II and 
IH) was to estimate the nonpoint leakage of nutrients (mainly phosphorus) in a 
region by using the Universal Soil Loss Equation (USLE), modified for use in 
a GIS. By using models that combine several data sources into systemic units 
a common use of data is possible and also necessary. Changes in soil chemistry
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and canopy cover (or natural systems) can be followed up and compared with 
land use and management (or technical systems) as well as human behaviour 
(social systems). The common models that use one significant factor as a key 
indicator can be both elegant and straightforward but have great disadvantages. 
Such a model can rarely be integrated with other models and as changes occur 
in sets of other factors in the studied landscape, the consequences are hard to 
estimate. A combination of physical- and social geographic questions - to what 
extent humans impact on the hydrological regime is presented in (IV and V). 
The purpose was also to show how physical and human geographical inputs and 
questions can be brought together in a joint research project. The projects should 
be relevant for environmental planning, but should also help us to understand 
the basic hydrological processes involved and how they work over whole 
regions. The studies performed on a meso-scale, between the traditionally global 
and local scales, pinpoints the effects of human actions on the hydrological 
regime. The drainage schemes and the changed land use have together 
influenced not only the visual landscape but also the mobilisation of nitrogen 
and metals, two severe environmental hazards.

To further investigate how GIS can be used for integrating several disciplinary 
perspectives, a study concerning agricultural drainage in a historical perspective 
has been made (V). This study also deals with problems in combining data of 
different thematic, logical and geographic scale, makes calculations based on 
these data and suggests how to use and visualises the multidimensional and 
multitemporal models.

Finally (VI), a discussion is performed on the implications for visual communi
cation of the combined knowledge obtained from the GIS analysis. How 
different topics are reflected in the specific papers is described in Table 1.4. 
The Roman numerals refer to following papers, which this thesis is based on;

(I) Geographical Information Systems in Planning and Research - an 
Overview.

(H) A GIS method to aid in nonpoint source critical area analysis 
(HI) A GIS to Target Critical Areas for Nonpoint Source Management
(IV) A GIS-supported Method for Detecting the Hydrological Mosaic and the 

Role of Man as a Hydrological Factor.
(V) A GIS Application for Integrated Historical Geographical Analysis of the 

Drainage Activities in the Motala River Basin, Sweden since the 18th 
Century

(VI) A Geographical Information System for Interdisciplinary Analysis and 
Communication.
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Table 1.4 

GIS topics Paper I II III IV V VI

Distributed models approach X X X X X X

Models applied to planning X X X X X X

Large and small scale 
processes together X X X

Multidimensional Models X X X X X X

Multitemporal Models X X X

Interdisciplinary studies X X X X X X

Calculation and visualisation 
of spatio-temporal processes.

X X

The implications for visual 
communication by means of GIS X
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2 GIS - AS AN APPROACH

Geographical Information Systems (GIS) are computerised software and 
administrative systems to facilitate the capture, correction, processing, storage, 
retrieval, calculation and presentation of data with a geographic location or 
extension. The study of GIS includes studies concerning hardware, software, 
data, models, methods and the organisation of GIS. Not seldom are the "soft" 
(organisational and conceptual) aspects of GIS-introduction forgotten. As no 
complete GIS can be bought off-the-shelf but single components have to be 
combined these question about scientific approach and organisation are 
extremely important.

2.1 Information and Knowledge

The problem of combining the scattered knowledge and information from 
several scientific disciplines and sectors in society is widely addressed.
"The different ways to understand and interpret data that have been developed 
within all scientific disciplines create severe problems in combining knowledge 
from different fields and making them work together to form our picture of the 
world" (Tengström, 1987). [My translation from Swedish.]

The problem of how to combine deep knowledge about certain sectors with 
knowledge about general consequences is not new. The same counts for the 
problem of comparing and combining knowledge between different disciplinary 
perspectives. Arthur Koestler (1978), Georg Henrik von Wright (1986) and 
Torsten Hägerstrand (1991) are only few of the scientists drawing attention to 
this question. Hägerstrand refers to the Swiss geologist, and philosopher C.E. 
Wegemann, who, in the 1930s, described the division of knowledge by 
portraying the scientists with disciplinary telescopes, forgetting their colleagues 
and the relation to the whole. As a solution, Georg Henrik von Wright discusses 
how, in some cases, different perspectives must also be combined to aid in the 
understanding of an event or object. He uses as an example the fact that 
physicists accept that the two descriptions of matter - as wave or as particle - 
even if they exclude each other, together form a complete picture of the 
phenomena. Immanuel Kant, as early as in 1781, declared that [ime and space 
were the foundations of human visualisation of a priori knowledge - "reinen 
Formen sinnlicher Anschauung". Svante Wold et al (1982) has also shown how 
an event can be determined by complementary attributes plotted and projected 
into a 3D volume on a computerised visualisation system. In the same way 
several scientific questions need a combination of theoretical and visual
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viewpoints to deliver reasonable answers. The possibility to communicate these 
viewpoints, patterns and pictures with means of maps are dependent on 
development in knowledge of human perception.

The possibilities to utilise visual communication for scientific purposes are to 
a minor extent investigated. Here (VI) some references to prior works are given. 
These, however, often blend perception and cognition for different purposes and 
with different technical means. The map to be read and the map to glance at to 
find the way while driving must be very different and are examples of two 
different perceptual and cognitive tasks. Visual languages are, thus, as diverse 
as spoken and written languages. Techniques to handle and visualise huge 
amount of data have created a need to show high resolution colour pictures and 
maps. The requirements are also present to show and manipulate 3D models and 
virtual realities. What are then the mechanisms for perception and cognition of 
these volumes of information. Present knowledge focus on very narrow parts of 
this means of communication, as an artistic expression or use it only as a way 
to illustrate knowledge obtained in other ways.

The problems associated with communication between different disciplines are 
expressed in many ways. M.M. Bakhtin has, for example, developed a theory 
about the different genres in language (Bakhtin 1986:62-). The gap between 
specialist languages is described by Reinhold Castensson (1986). Different 
professional and scientific languages segregate and make a dialogue between 
groups difficult. At a general level we understand each other but we do not 
manage to project the different perspectives into a common frame that makes 
the consequences clear both within the scientific community and to a broader 
public.

Data/Information/Knowledge are here defined as different logical levels and 
handled by different specialists. Transporters and transformers of data are those 
concerned with basic facts, like the land-surveyor. Others order and store data 
for those who extract, interpret and analyse. The creators of new knowledge 
manage to draw new conclusions from data that perhaps are gathered from 
several sources (Debons et al. 1988). The "soil wetness maps" in article (IV) and 
the "risk map" in article (IH) are such products of several independent factors 
of different logical nature (VI). Anthony Debons describes the knowledge 
spectrum as a continuimi containing Data, Information, Knowledge and Wisdom 
(Debons et al. 1988). In attempts to predict route choice, the model in Bovy & 
Stem (1990) is dependent upon being able to estimate travellers’ abilities in all 
these fields. However, in a GIS, a mental map can be combined with hard facts 
concerning nearest way, obstacles in the form of traffic lights or condition of the
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road as well as data concerning the close environment (Claussen 1991).

An attempt to handle all these levels is made in knowledge based systems and 
Artificial Intelligence (AI). These systems are developed to meet the demand for 
help in organising information of also higher levels. In AI research a similar 
perspective to using the geographic space as a structure is employed in an 
attempt to solve the frame problem - the problem about what relations, among 
an infinite number, that are relevant (Janlert 1985:32). The problem an AI 
researcher has is to define all the different connections between all "possible 
objects" within an area. The expression "possible objects" reflects the ways to 
describe the different disciplinary perspectives we face. What is defined as a 
glacial deposit by one spectator can be defined in many different ways by other 
interpreters with the result that the class borders and the zones of régionalisation 
are different.

It is also desirable to develop models that integrate different spatial perspectives 
to be able to estimate regional and global consequences of local decisions. For 
example, the behaviour of single persons and organisations, defined as "the 
tyranny of small decisions" (Kahn 1966), results in significant accumulated 
impact. Local changes in land use and such decisions as daily consumption 
patterns widely affect the contribution to regional and global loadings of 
hazardous compounds. Another example is the single family choice of technical 
system that will result in "the tyranny of small technologies" (Odum 1989) with 
consequences for emissions and energy balances. The resulting large scale 
processes and systems induced by these local and private choices are difficult 
to observe without the help of advanced information systems. The need to 
introduce the precision of a regulatory scalpel in environmental planning (Fri 
1988) call for an information system with very precise information also about 
details in the landscape.

Solving complicated environmental and resource problems calls for thorough 
solutions that require reflections of the type above on a level of principles. It is 
becoming increasingly important to be able to combine information of different 
types, to integrate information in decision processes and to make wise 
judgements (FRN 1986, Dueker 1987, Levin & Landis 1989, Harris 1989 and 
Wallin 1990). Some authors are today comparing the straggle for an 
environmental sound Earth with a warlike campaign. To continue the analogy 
some military theoreticians have contributed with interesting ideas. The concept 
of friction was, during the Napolean wars, addressed by Clausewitz (1991). He 
describes the outcome of war as a result of the combined friction between all 
the small pieces constituting an army, its enemy and the environment. The
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understanding of viewpoints and the possibility to change viewpoint has, in 
modem strategic thinking, been stressed by Chaliand & Rageau (1983).

2.2 GIS As a Method - Technique and Approach

GIS function, as earlier mentioned, in a fundamentally different way than other 
information systems by adding the possibility to store, analyse and communicate 
spatially distributed phenomena and the possibility to handle correspondingly 
distributed models. This is the potential of GIS but several GIS projects are still 
only using the system to illustrate the results of traditional models. Another 
potential is to be able to function as an integrating tool between different 
scientific and professional perspectives. In studies of GIS the systems must be 
handled with respect to their possibilities as scientific tools, their implication on 
methods and work organisation as well as data (I). Principles for data collection 
and utilisation of methods have to be tuned to fit the needs in GIS. If data and 
models are combined to be used in a time-space perspective, data and several 
maps describing various aspects of an area can be combined to function as a 
platform for new interpretations. This possibility is essential in a wide range of 
applications where the flexible use of a set of basic geographic data is needed. 
For planning and resource management, and especially in attempts at handling 
natural resources and environmental changes, there is a need for a flexible tool, 
through which large amounts of data can be handled and analysed.

The History of GIS

The introduction and applications of GIS, are discussed by several authors. The 
term GIS as defined by Roger Tomlinson (1973) is described as systems that 
can collect, handle, analyse and display items with a geographical location or 
locality. Often these systems can combine spatial data with attributive data in 
tabular form. The heritage of GIS (Fig 2.2) shows the different origins that 
characterise the commercial GIS programs that are available. It is, however, 
important to separate the potential of GIS and these programs. We are still 
missing the program that provides all the functions and possibilities that are 
mentioned in this thesis. Furthermore, a GIS consists of theoretical tools, 
models, data and the hosting organisation.

GIS is here discussed as a means of aiding in research and physical planning but 
also as a research field of its own. Depending on the discipline that hosted the 
development of a specific GIS, different parts of the system and different
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approaches are stressed. Also the term GIS is in itself under debate. Abler 
(1987) considers GIS to be only a technique, however of such an importance as 
the invention of the microscope, telescope and systems analysis within other 
disciplines. Congalton (1986) and others, however, declare GIS as a discipline 
by its own. From this follows that GIS should be based on a theory, have its 
own methodology and use special techniques.

I do not take a standpoint on the question as whether GIS should be a discipline 
of its own. The basic theories for GIS are a synthesis of geography, information 
science and the systems sciences. Theories within physical geography that stress 
the spatial and dynamic properties in the physical world can, in GIS be 
combined with the historical-geographical and human geographical means of 
explanation. Information science contributes with theories regarding levels of 
information and tools to process these data. Systems science requires the 
organisation of phenomena into meaningful structures, and certain directions in 
the discipline recommend a spatial dimension when solving the frame problem 
in defining the limits of a certain system. These theoretical bases in GIS, how
ever, need to be widened as it is possible for example to extend the theories of 
coherence by estimating complex overlays concurrently.

Fig 2.2 The heritage of GIS

Technical  systems (CAD) 
Geodet ical  systems 
Remote sensing

Documentary systems 
Cadas tra l  maps 
U t i l i t y  mapping

GIS
Analytic systems 
Meteorological  systems 
Defence systems 
Environmental monitoring

Graphical systems 
Computer Aided 

Cartography

Source: (McLaren & Kennie 1989)
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Time-space geography, combined with postulates from cartography, form a base 
for visual communication. Time-space theories can further be combined with 
methods from remote sensing and statistics that allow us to picture the spatial 
distribution of features that are described with the help of principle component 
methods. This means that information derived from different thematic 
(map)layers can be included in the description of a complex - multidimensional 
natural or social phenomenon. Whether geography can adopt these new applica
tions and enhancements of its theoretical wealth, or whether development has 
to take place in another or within its own discipline, is siili under debate.

The methodology that has to be developed is digital applications within 
cartography that take into consideration the special needs in connection with GIS 
related research. That includes, for example, more attention being given to 
storing features in a way that allows analysis rather than as a representation 
feasible for printing. There are also spatially oriented methods such as 
cartographic algebra (Tomlin 1990), Boolean logic, methods to calculate friction, 
distance and travel time in networks and matrixes. These techniques are used by 
several disciplines, but there is an exceptional possibility to use them together 
in a common database with GIS technology. The techniques used are several 
disciplinary applications of computer science. However, GIS and its introduction 
requires much more developments of soft factors and only a small part of a 
project is purely technical.

What, then, is a technique? It is possible to distinguish between at least four 
aspects;

a) techniques as methods;
b) technics as technical tools;
c) technology as the way in which these tools and knowledge are implemented 

and finally
d) la technique as the rationality this technology has in present society 

(Andersson 1989).

All these aspects of techniques are dependent on each other, and require 
adjustments in order to be coordinated in GIS and several important research 
questions remain. Network analysis is for example often performed in systems 
that handle links and nodes. To take advantage of information from the 
surroundings, it is, however, important to code the topological description of the 
network in a way that makes it directly referable to real world co-ordinates. 
There must likewise be a need and a market for this type of comparison so as 
to support appropriate development of methods, technics and technology. The
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focus in this work is not on technical development but on using available 
computers, programs and data. As the studies started in a stage where neither 
programs nor data were readily available, the ambitions had to be on the level 
of what was possible to reach. Only minor works have been carried out in data 
capture and in writing additional programs.

To function as information, data has to be arranged in a way that supports the 
level of decisions or interpretations that requires support (Langefors 1987).

Langefors formalises this with the following ’Infological Equation’
[ I = i (D,S,t)] where;

[I] is the Information/knowledge derived from the data,
[D] is the data used,
[S] the fundamental/basic knowledge used in the 
[i( )] interpretation with the 
[t] time at disposition.

This equation stresses that "the information society" also must be a "knowledge 
society" to be able to take use of the available data. As in all Information 
Systems, there is a basic problem of how to organise data and make use of it in 
an organisation or a research process. The technical problems are, though of 
importance, small in proportion to the problems of how to utilise the system 
effectively (Langefors 1987). The management overhead required to organise 
GIS development is significant. A whole infrastructure is needed to support a 
massive utilisation of GIS. This is also a conclusion made in the investigation, 
"Nordisk KVANTIF" (1987). In this joint Nordic project on the community 
benefit of digital spatial information cost-benefit calculations were made for 
digital mapping systems available at that time. In the study, it was shown that 
the real benefit of GIS is reached first after the introduction of a GIS utilised not 
only for traditional mapping, but for new applications, analysis and multiple uses 
of the databases. Finally, GIS implementation in society is a special field of 
research and, as such, a significant part of GIS.

As the different available datasets, software, hardware and specialists in the GIS 
sector have several disciplinary and professional backgrounds, these needs are 
met to varying levels. When the work with this thesis was started in 1983, 
neither computer programs, hardware nor an awareness of the importance of this 
research field was present despite several early attempts to popularize the 
techniques, e.g., Hägerstrand (1955), Bengtsson & Nordbeck (1964), Nordbeck 
& Rystedt (1972), Tomlinson (1973), Taylor (1980, 1983) and Fogelvik et al.
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(1981). Later Burrough (1986) gives numerous examples of implementing 
geographical, mathematical and statistical methods in GIS. Aronoff (1990) 
stresses furthermore the management perspective, however, including manual 
methods in storing and manipulating geographically referenced data. In 
Geographic information systems (1991), several microcomputer-based systems 
are proposed to govern the development of GIS. This development is reflected 
in the empirical studies, in connection with this thesis, which intend to use 
several GIS techniques to develop specialist models that are suited to analyse 
and communicate numerous disciplinary questions.

The possibilities of combining and communicating complex data is a field of 
research that was pointed out in an article titled "GIS - a tool for TEMA 
research (Sivertun et al. 1986). Hägerstrand, in an article from 1987 
(Hägerstrand 1987) suggests that we use time-space as an integrator between 
scientific and professional perspectives. He draws an analogy to the physical 
environment and human geographical aspects, and a game where the playground 
has to be compared with the game played. An integration of present knowledge 
into a functional unity could give us the chance to understand when the rules of 
the game of nature are changing. With appropriate perceptual, cognitive and 
scientific tools, mankind has the possibility of changing the game instead of 
continuing something the environment cannot sustain. This highlight on 
cognition, communication and visualisation in GIS research has also been 
stressed by D.R. Fraser Taylor (1991) and Buttenfield & Mackaness (1991 
Vol.I:427).

2,3 Geographical Information as Systems

GIS are now widely accepted as a means of analysis and visualisation of 
spatially referenced data. Is it, however, possible to use GIS as a multi-purpose 
analysis system, and what are the disadvantages? Is it possible to implement 
studies of multidimensional phenomena in time and space? Is it possible to use 
GIS as a bridge between disciplines and different perspectives? Is it furthermore 
possible to find a rational use of the technique with a reasonable relationship 
between costs and benefit?

The development of GIS relies on four fundamental components Hardware - 
Software - Data - Humanware. The progress in developing GIS described 
earlier conforms with the development stages of the product and policy life 
cycle models by Ottens (1991). His assessment of GIS development is that the 
period between 1970-1985 was characterised by technical pioneering or
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innovation. Computers and graphical devices were still to be developed to 
handle and process the huge amount of data included in detailed region-wide 
studies. The specialist application and maturity phase was between 1985-1990, 
and the general application and utilisation phase is in the present decade. This 
life cycle model is, however, not static but continues to demand more 
sophisticated technical tools to fulfil higher requirements.

International GIS R&D concerns mostly automated or large scale imple
mentations of traditional methods (Geographical Information Systems: Principles 
and applications 1991). Also in Sweden, the product life cycle is reflected in the 
early development of computer aided cartography and applications of the 
technique within geography and biology. Some attempts to utilise GIS for 
regional planning and environmental assessment have been made. The idea of 
utilising GIS as a tool for interdisciplinary studies is, however, new.

All aspects of GIS can be the subject of both research and development (R&D). 
Research can be theoretical and practical, the latter by implementation of the 
new ideas. Development also contains a more methodological and a technical 
part. In new, developing areas, R&D often have to proceed in parallel as the 
technical tools are still being perfected. My personal opinion is that the 
development of GIS has so far mostly been concerned with implementing 
traditional methods or has been used as a tool to simply illustrate the results of 
mathematical or statistical models. It is now time to reflect on and evaluate the 
different applications and lines of development in GIS. This evaluation will 
perhaps answer the question as to whether there is a need for a special discipline 
to host needed developments or if the technology can be developed in parallel 
within several disciplines.

Geographical IS

Time-space theories as developed within geography are a method of describing 
a part of the world in several dimensions. The theoretical methods, however, 
have to a lesser extent been implemented in powerful information systems 
providing necessary data and the possibilities of analysis and visualisation. 
Several statistical and mathematical methods imply a dimension reduction due 
to the earlier limited ability to calculate and scientifically handle information of 
multidimensional type. Reality made a virtue of necessity as several geographers 
left the spatial approach and reduced their studies to the one-dimensional 
mathematical space. As a complement to the one-dimensional mathematical 
space, the planar map offers at least a two-dimensional description of an area.
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It is also possible to show additional dimensions such as topography and other 
thematic information. The time dimension can be determined by comparing two 
maps from different periods to discover absolute changes in the spatial extension 
of the mapped objects. The really interesting potential in GIS is that it is also 
possible to map dynamic objects or events as processes and movements.

The possibility of describing an event with the help of several dimensions is not 
commonly used, even among geographers. In spite of the classic method of 
régionalisation within Geography, reductionism is a common attitude. The 
creation of a region was a way to make a synthesis of several factors that 
characterised an area, including soft factors. Here the set of basic factors and the 
ways and means of transport such as water and air, as well as populations of 
plants, animals and humans, interact and create certain circumstances. The 
interaction and flow of material, energy and information is very important here.

The method of régionalisation becomes troublesome, of course, if we regard the 
landscape as a slow, yet still ongoing, process. The process becomes even more 
important as contemporary changes in both the physical and the cultural/human 
landscape are dramatic. To be able to continue the tradition from Humboldt and 
Vidal de la Blache, one need to employ new dynamic implementations of these 
innovative ideas. Contemporary needs to find market regions or resource regions 
can, in some cases, differ from week to week. This is the case when companies 
in forestry try to provide paper pulp and saw mills with the necessary raw 
materials. The needs in mills are directed by a fluctuating market and this results 
in the harvest of certain qualities of wood in different parts of very dynamic 
"regions". Road conditions, available transport fleet, harvesting machines and 
labour are other factors included in the mills’ decision models. Is it then 
possible to keep the idea of synthesis and functional regions and add dynamics 
for these decision models? This is one of the questions posed in this thesis.

GInformationS

The means of collecting data (data capture) changes according to new needs and 
new techniques, which results in a large amount of information that has to be 
organised and analysed. Satellite images, automated mapping methods and new 
types of instruments provide huge amounts of data with high quality and high 
accuracy. The storage of these data has to be coordinated to allow several users 
to incorporate them in their models. Also within disciplines, there is a need to 
sharpen the analytic tools with the help of new data sources and developing 
computational methods. Several dimensions in time and space are now included
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in scientific studies. The spatial distribution of measurements, more complex 
measurements per se and time-series give better understanding of the processes 
involved and their scale.

The contemporary development of administrative and economic systems have 
resulted in what has been defined as the "information society". More data are 
available in theory and methods to handle information are developed. Do we in 
final analysis need all this new information? A conclusion in this thesis is that 
there will always be more to know and we will always find the databases 
incomplete or aged. The borders of knowledge are unlimited as we produce at 
least an equal amount of "un-knowledge" for every new scientific discovery 
(Hoffmeyer 1988).

Additionally, the methods of problem identification and problem solving have 
to be enhanced within all scientific disciplines to meet new demands and take 
advantage of the new data sources. Models that were calibrated to estimate small 
scale processes such as flow of nutrients in a single agricultural parcel must be 
completed with new models to be able to calculate these parameters on a 
regional or global scale. Here, too, the question of knowledge and the 
formulation of research tasks is central. "The great obstacle to discovering the 
shape of the earth, the continents and the oceans was not the ignorance but the 
illusion of knowledge" (Boorstin 1985). Consequently, one of the necessary 
changes in scientific approach is the ability to integrate models with several 
thematic and geometric scales (I) when trying to understand ecological limits. 
It is also reasonable that models from the natural science are complemented with 
models describing human behaviour and human demand as "mankind must 
determine and respect the environmental limits to growth" (Woods 1989). Also 
the desire to integrate information from several sectors and disciplines raises the 
need to place the concept of the "information society" side by side with the 
"Age of Knowledge" or the "System Age".

GI Systems

Systems science and interdisciplinary groups are two ways to meet research 
tasks that are not easily handled by a single discipline. Systems science is an 
attempt to define processes and the actors or elements involved. Problems still 
occur, as the means of analysis, description and communication differ when 
comparing and calculating the consequences of the different Natural, Technical 
and Societal systems defined. Soil can for example be defined by its 
morphology, its technical possibility to support development, hazards for land

27



slides, capacity to store water or heat, by chemical characteristics, as a substrate 
for biological processes or even other aspects. In these areas theoretical 
references, terminology and traditions differ. The system studied must also be 
quite small and as soon as several systems of different logical nature are 
involved, the problems of comparing effects and synergies between them are 
serious. Also within Systems Science this problem is stressed and the spatial 
component has been mentioned as a means of solving the frame problem in 
defining system boundaries (Janlert 1985) and GIS as a tool to describe the "real 
world" systems in GEO Informatic systems (Holmberg 1990, LeDuc 1991b).

Our striving to find adequate measurements of the combined results of these 
"worlds" is a traditional geographical task. The division of geography into 
different sub-disciplines (physical geography, human geography, etc.) has, 
however, created problems to take advantage of this integrating approach. In this 
thesis, a test to include hydrology, soils and vegetation from physical geography 
with human geographical factors such as drainage, enclosure and population has 
been made to test the possibilities to bridge the gap between the sub-disciplines. 
The problems with a lack of applied models and appropriate data when utilising 
this new technology are also stressed.

The hypothesis is that several natural, technical and social systems that share a 
time-space can be compared and analysed in a GIS.

It is also contended that the different aspects or disciplinary perspectives above, 
expressed as dimensions, can be analysed and visualised together by means of 
GIS. Suggestions are given on how to use digital maps to project a part of a 
scientific discipline’s or societal sector’s view upon the multidimensional world 
and allow a combination of several such map-layers. This is especially 
rewarding within the different geographic disciplines and contributes to the 
debate on how to co-ordinate geographic research as we use the same methods 
to describe our different perspectives.

I also suggest to project these numerous perspectives or dimensions into the 
three dimensions, provided by the RGB (Red, Green and Blue additional colour 
system) colour-space in a GIS. In this way it is possible to visualise "Hyperpix
els" (the term was suggested to me by Michael LeDuc) needed to handle and 
describe the world according to the interpretation of time-space theories given 
in this work. Further I contend that perspectives from different scientific levels 
of explanation can be used together to give synergistic effects. From this follows 
that it should be possible to integrate both quantitative and qualitative data in 
the same explanatory model.
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2.4 To Communicate With Maps

The development of cartography has a long and interesting history. In article (I) 
a schematic view is presented that shows the different symbolic and abstract 
levels in different ’map’, or image, presentations. The oldest maps were called 
"tabula" or "pictura" and were actually paintings of a piece of land or a town. 
The number of symbols on these pictorial maps was very low. They were 
"genuine pictures". The word ”Mappa," indicated only that the map was painted 
on textile (Ehrensvärd 1987). The lack of data and a formalised visual language 
could have contributed to the fact that the oldest descriptions of sailing routes 
were not even graphically illustrated but consisted of written sailing descriptions.

An important factor for perceiving and understanding maps is the spatial 
resolution in the picture/map. The contrast ratio is also important for separating 
different objects in a picture. A picture with a medium contrast ratio between 
the different objects it contains is easier to perceive than pictures with too large 
or too small differences. The definition of a low contrast ratio can depend on the 
object, the media or the sensor. The possibilities of reproducing or visualising 
contrasts depend on the resolution power in the system we use. With printed 
pictures, the spatial frequency of dots or lines that build up a picture is as 
important as the ability to reproduce the elements contained as accurately as 
possible. The eye cannot, however, distinguish between high contrast targets that 
are spaced closer than 0.2 units at a distance of 1000 units, 100 points in one 
square centimetre or a line of 0.1 mm width. Another detailed study by Eastman 
and Caster in Taylor (1983) and in this thesis from (VI) show that map 
complexity is a measure dependent on the skills and training of the persons that 
read the map. The ability to recognise different symbols is dependent on cultural 
background. The Japanese recognise a much broader range of symbols than 
Europeans because they are accustomed to complex signs in their written 
language. Now a new cartographic language is needed to describe the 
complicated relations that can be handled in GIS.

A map over France from Bertin (1973) is said to contain very dense informa
tion. It is stated that the map consists of 30,000 commîmes with approximately 
six co-ordinates describing every area. The map is dense if regarded in 
traditional perceptual terms, but in a GIS perspective it is not. "The difference 
that makes meaning" depends on what purpose the map is produced for, for 
whom and if the map is supposed to be read or interpreted. To define the 
ambition in creating maps, the infological equation is useful (Langefors 1987). 
In a cadastral system the borders represented in FIG 2.4 is far too rough. The 
same thing is trae of a system to calculate environmental impact.
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FIG 2.4 Spatial Versus Thematic Resolution

mSSS&

The amount of numbers needed to represent this map is still 240,000. If 
attributes are added, still more information will be needed. Soon another 
approach, the coding-of the map in a raster, will be rational. However the 
possibilities of building topologies in, for example, road networks‘and other 
linear features will demand a combination of these two methods to represent and 
calculate data.
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Maps as a Metalanguage

Maps, in this thesis, are suggested to function as a metalanguage and as a 
platform for interdisciplinary analysis and communication. Rudolph Amheim 
(1986) claims that the map has a unique ability to give visual answers both to 
explicit as well as implicit questions and invites the user to reflect on the 
interpretation and the context in the map. In article (VI), some basic principles 
for visual communication are discussed. One objection against communication 
with maps is that there are people who are almost "map-blind", with severe 
problems in understanding what maps describe. Other problems occur due to a 
defective perception of colour. Even so, the thesis in this dissertation is that 
maps, and especially digital maps, can be employed as platforms to compare 
several different views on primarily the physical world, but also on social and 
other, more cognitive, spaces. With the help of advanced colour coding, very 
complex pictures can be analysed and visualised. On the other hand it is 
possible, to a greater extent than earlier, to adjust and simplify digital maps in 
a GIS to meet the interpreter’s special needs. These very specialised maps can, 
however, counteract the need to transfer knowledge between disciplines.

All maps are abstractions and simplifications of the physical or an imaginary 
world. Certain phenomena are chosen by the cartographer, and sometimes this 
"slice of reality" is classified and coded in the form of symbols and signs. The 
map reader, however, has to interpret this information and his success in this 
process makes clear how well the map was adapted to its aim. This process can 
be described in terms of communication theory. Here, both the sender, the 
message in itself and its medium - as well as the receiver - are of great 
importance (Shannon & Weaver 1962). Knowledge also involves awareness of 
the unknown. By defining and mapping the white spots on our common map we 
get some help in understanding what we do not know.

Cartography has been developed all over the world to meet the need of 
expressing different spatially distributed phenomena. The printed map is highly 
adopted to use that media’s abilities. The new digital maps require, however, a 
new graphical language. The media has both disadvantages, and also highly 
interesting possibilities, as it is possible to show several dimensions and also 
changes over time.

GIS technology will probably lead to several changes in the ways scientists and 
scholars work, both internally within each discipline and in interdisciplinary 
areas. GIS technology provides possibilities to work with distributed or 
geographically referenced data and models. Due to less sophisticated methods
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of collecting and analysing data, old models were more statistically oriented, 
showing the mean values for larger areas such as whole river basins or 
administrative areas. As a result of the development in remote sensing and 
different other means of data capture, a quantitative and qualitative revolution 
is taking place. A much denser and more frequent network of measurements of 
higher accuracy and thematic resolution is now available. Methods are also 
being developed to handle complex data sets showing continuous parameters in 
their own spatial resolution. This ability makes it easier to change the weights 
of different factors to change the borders of areas or regions of a certain interest. 
A special need is also being developed to implement models that are possible 
to use in planning and, together with other models (ecological, economical etc.), 
to widen the understanding of complex systems.

2.5 International Research

Since the start of the Canada Geographic Information System (CGIS) in the 60s 
several countries have developed their own research profile. The first Canadian 
efforts were linked to a desire to manage Canada’s wide areas of land and huge 
amount of natural resources (Tomlinson 1973). As a result of several early 
projects in the USA and Canada hardware and software development emanate 
to a high degree from these two countries.

In Europe, the EC project CORINE was one of the first steps towards GIS. The 
aim was to collect a European digital map database with especially soil 
information. Collaboration was also propagated with the aim to develop new 
methods in data handling and processing as well as to develop new analytic 
methods by means of GIS. The spatial resolution in the data bases produced by 
the project was, however, so low that only regional analyses are possible. 
Through the project the problems that occur when trying to combine and digitise 
traditional analogue soil maps that are produced for different purposes and also 
reflecting different scientific traditions were pinpointed.

In Great Britain, the so called "Chorley report" (Handling Geographic Informa
tion 1987) was the take off for a one million pound project on GIS initiated by 
the Economic and Social Research Council (ESRC) and the Natural Environ
mental Research Council (NERC). By establishing several national centres for 
the development of GIS techniques and as breeding ponds for professionals in 
GIS, the research councils want to constitute the area of research in the U.K. 
A mixture of basic research and commercial/applied projects is also significant 
for the ambition to ensure a continuity in the activities. Such an applied
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question, however, containing several basic research components is the health 
effects of metals in the soil and bedrock investigated in a report to the Royal 
Society’s British National Committee for problems of the Environment 1985 
(Environmental Geochemistry and Health 1985). The recommendations were to 
intensify the geochemical surveys and analyse the results together with 
information about vegetation and other factors relevant to estimating the 
mobility of the substances studied. Digital methods of handling the soil maps 
and other data were suggested. To manage the difficult research tasks, 
interdisciplinary groups were recommended to be formed and GIS provides a 
platform for these studies.

In the Netherlands, a centre of expertise for geographic data-processing 
(NexpRI) has been established with the objective of helping researchers to 
develop a) Geo-information systems b) decision support systems and expert 
systems c) an object oriented database d) integrate remote sensing and GIS e) 
3D structures for storage and representation f) databases with rules for 
cartographic representation (personal communication Peter Burrough 1991 and 
Ottens 1991).

In the USA, three universities and the National Research Foundation have 
established the National Centre for Geographic Information and Analysis 
(NCGIA), with several similar topics (NCGIA 1988 and GIS WORLD 1989). 
These are important initiatives to promote development in the field of GIS. 
Several of these questions are not purely technical. They involve organisational 
issues and problems concerning interdisciplinary projects. For example, one of 
the earliest sessions in connection with NCGIA research dealt with the human 
conceptualisation of space. Also the basic scientific discource is reflected in 
theoretical GIS studies.

The technical part of implementing GIS is just a small part of the total 
implementation process. This calls for national programs, adapted to the 
administrative realities in each country. In Sweden, a proposed research program 
from the Development Council for Land Information (ULi 1992) contains 
several of the international research questions since Sweden hosts some 
scientific fields of international excellence.

Several programmes support GIS development, but also several methods are 
now being tested in USA, Great Britain, Holland and Sweden. These efforts 
draw attention to different parts in the development process of GIS. In the USA 
the research initiatives are taken to support the production of digital geographic 
data and to develop basic methods for processing geographic data. In Great
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Britain and Holland several centres of excellence have been set up to support 
universities, authorities and companies with technical and theoretical knowledge 
in the introduction of GIS. These centres will later be self financing by projects 
(Geographical Information Systems: Principles and applications 1991).
In Sweden it is still unclear as to which way to go. So far the government has 
not supported dedicated GIS activities. On the contrary, by administrative 
policies it has made digital data expensive and difficult to obtain. A system with 
linked databases and a quite free exchange of data between database hosts will 
perhaps create a situation with an elite group of wealthy users of GIS but will 
hardly support a more massive use, as in the USA.

It is impossible for a single researcher or even a single institution to handle all 
the questions posed here. Some of them are quite applied, need a lot of 
development efforts, and are difficult to get funded through the different 
Swedish research foundations. Others questions belong more to basic research 
but are of such a character that questions about geographical methods belong to 
geographic research councils while other questions concern councils in 
psychology, computer science, etc. The NCGIA research programme and similar 
GIS research programmes are national endeavours. It is consequently natural that 
only parts of these questions have been possible to touch in this thesis. My 
contributions cover the following areas:

A) Representation and calculation of complex data
B) Analysis and presentation of Multidimensional data
C) Multi-disciplinary dialogue and analysis with the help of GIS
D) Multi-temporal descriptions and analysis
E) Development of distributed models suited as input in models for physical 

planning.

A critical approach to GIS is also necessary to support the theoretical base of 
the subject. Several scholars have criticised the development of GIS as too 
formalistic and positivistic. As discussed in (VI), the cartographic process of 
understanding data and models must be maintained, in automated mapping 
systems. However, the development of GIS can be directed towards systems that 
allow the cartographer and the user to control and also recall the process of data 
selection and presentation. Maps are, furthermore, subjective interpretations of 
the real world and can be used in rhetorical ways for political or economical 
reasons. It is now possible to show how explicit the rhetoric is by making a 
simple comparison with other points of view. The respect for data as absolute 
facts when presented in a computer will also vanish as more emphasis is placed 
on the validation of models and visualisation of data quality.
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Computers are increasingly used to describe qualitative data. In attempts to 
describe such subjective things as the taste of wine and fruit juice, computer 
programs have been developed that can display the spatial distribution of 
hundreds of components extracted by a gas-chromatograph. The same methods 
can be used in describing and mapping complicated factors that constitute a 
certain perception of quality, e.g. social and economic factors of importance in 
determining standard of living. In this way, structuralist and humanistic/realistic 
approaches can be included in geographic studies.

Validation of GIS models and evaluation of data quality are two areas of great 
concern (Visvalingam 1991 and Goodchild & Gopal, 1989). The work has just 
started in this field of research and there is a place and need for several projects 
to utilise the new methods.
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3 EMPIRICAL STUDIES

3.1 GIS in Research

In chapter (I), GIS is discussed as an aid to scientific research in a broad sense 
and physical planning. Depending on to the discipline that hosts the 
development of a specific GIS, different parts of the system and different 
approaches are stressed. Even the term GIS itself is under debate. Some of the 
arguments are presented in article (I), where the practice of alternating 
"geographical" and "geographic" in the constmct GIS reflects the difference 
between American and British English. The definition of the subject (or 
discipline as some suggest) differs between those who are satisfied if GIS can 
only handle digital maps, and others (including this work) who require extended 
possibilities to analyse and model geographic database. Here it is maintained 
that space itself gives the framework for the processes we are studying. One way 
to do this is by cartographic modelling, as expressed by C. D. Tomlin (1991:1 
p 361). He claims that "cartographic modelling does indeed represent an attempt 
to change the way things are done. It is not so much a set of new ideas as a 
collection of old ideas that have been organised, augmented and expressed in 
terms amenable to digital processing".

A Tool or a Discipline?

Is GIS then a discipline of its own or can it be hosted within, for example, 
geography? Abler’s (1987) assessment that GIS is only a technique (however, 
of such importance as the invention of the microscope, telescope and systems 
analysis within other disciplines), perhaps explain why only minor works have 
been done to analyse the tool (GIS) itself, and what implications the new 
techniques have on data, computation and visualisation. "This perhaps reflects 
a desire in the United States and Europe for results, or, at least, progress in 
better geographical descriptions and analysis. This often leads to implementation 
of the technology without reviewing the need for analysis" (Geographical 
Information Systems: Principles and applications 1991:1, p 101).

The need for a deeper understanding of this new instrument has inspired 
Congalton (1986), Parent (1988) and Goodchild (1990) to declare GIS as a new 
discipline. The empirical studies related to this thesis have been made in an 
interdisciplinary environment, and a common opinion is that GIS development 
has to be done in the form of groups with representatives from several
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specialities. This is necessary in order to work out the new methods that suit 
GIS and to define how the expensive digital data must be coded to serve several 
purposes. The case studies also stress new approaches regarding models and 
their consequences for the types of data and administrative routines needed when 
tackling a problem with the help of GIS technology.

A conceptual model expressed in amalgamated objects is in this way sub- 
optimal as it must be possible to use very basic data to apply models with 
several disciplinary backgrounds. Perhaps, as suggested here, the GIS in itself 
can function both as the goal and the tool to bridge the gap between disciplines, 
which bridge is required to create a multipurpose GIS. This process is supported 
by a broad involvement by the developers in education and applied projects 
where the theories are tested in practice. There is, however, a need to strike a 
balance between two extremes. The first is to develop systems of scientific 
perfection, but not adapted to the administrative and political realities. The 
second is to develop systems according to the present concepts, by 
"mechanising" manual methods that do not take advantage of the new 
possibilities to organise and analyse geographical data in GIS.

The conclusion here is that GIS research could by definition be perfectly well 
done within the geographical subdisciplines. As very few institutions offer the 
opportunity for both physical geographers and human geographers to work 
together in such a wide and intensive project as the creation of a GIS, this 
theory still has to be proven. Interdisciplinary organisations also have the 
theoretical ability to create a GIS. However, none, according to my knowledge, 
has managed to create studies that cover more than a few aspects that could be 
integrated in a GIS. As several pressing environmental and resource 
management problems also have to involve chemical, biological, medical and 
other aspects as well as historical, mathematical, statistical, economical, political, 
sociological and psychological methods, we have to find the new scientific 
paradigm that offers these possibilities. This is very important as it is not 
possible to buy a GIS. You can only purchase data, hardware, software and 
sometimes hire humanware, but the system, has to be generated by You.

In (I) the heritage from the different implementations of GIS and the connected 
problems are described. As a conclusion from the article, a multi-purpose GIS 
has to combine the features that are provided in the different technical systems 
available to be an alternative both scientifically and economically. To take 
advantage of the databases that are created, constitute the necessary 
organisational platform and to achieve enough possibilities of performance, this 
combination of techniques is important. Remote sensing has, for example been
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shown to contribute most together with digital maps, and analysis performed in 
traditional remote sensing equipment is now widely used for modelling (Sivertun 
1989).

3.2 GIS in Physical Planning

In a seminar held in 1986, a broad group of Swedish scientists and physical 
planners discussed present knowledge and the need for new knowledge. The 
conclusion was that the main problem today is to find methods of calculating 
the sum of known effects and to communicate this scientific knowledge to the 
planners and politicians. (FRN Rapport 86:2 1986). GIS as a tool for physical 
planning has also been recognised by several authors (Dueker, 1987 Levin & 
Landis 1989, Harris 1989 and Wallin 1990).

Nonpoint source pollutants are an example of such a planning problem under 
special attention because of their anticipated significance for our current environ
mental problems. After successful reduction of point source emissions in 
Sweden during the 1970s, a great amount of the remaining pollutants causing 
problems for water quality are considered as emanating from non point sources. 
Land use, agricultural practices and natural sources that, due to increased 
acidification, become mobile are said to contribute to most water pollution in 
Sweden today. To control nonpoint sources as well, the demands on scientists, 
physical planners, politicians and landowners have increased. The process of 
communicating scientific results to politicians and the public includes such 
crucial points as finding ways to effectively disseminate and utilise knowledge 
that is possible to apply to present and future models in planning and that is 
applicable to legal instruments. To fulfil these intentions the planners must be 
provided with updated time-series of information with high geometric and 
thematic precision.

The contemporary needs in physical planning are expressed in a quotation of Fri 
(1988): "Today’s vastly more complicated environmental problems call for the 
precision of a regulatory scalpel, not the blunt instrument of the past." The 
planners also need enhanced theoretical tools to analyse and communicate 
spatially distributed data. Two such tools are the time-space theories defined by 
Hägerstrand (1987) and a multipurpose GIS.

Torsten Hägerstrand suggests that space should be used as an integrator of 
different perspectives. Hägerstrand describes the region as a frame for events in 
time-space. The "tyranny of space" is used as an allegory for the major
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principles of time-space geography.

The principles of time-space geography are in short:

1. The principle of time-space means that these two entities are eternally connected. This means 
that all physical objects have an extension both in time and space. Thus that everything has a 
history in earlier situations and events.

2. The principle of limited lifetime stresses the fact that everything is in a process of ongoing 
change. This process can be relatively faster or slower but every substance, individual or object 
has a point of birth and a point of death.

3. The principle of indivisibility. One physical object can not be in two places at the same time 
following that an object is one entity.

4. The principle of limited space. Two objects cannot be at the same place at the same time (but 
they can sometimes be located very closely) (Philosophy in Geography 1979).

To the two latter principles could be added the comment that different persons 
can define different objects out of the same set of basic factors. However, these 
restrictions also give the possibility of comparing different viewpoints, and 
because of that, the time-space perspective is of interest. Sometimes the different 
perspectives exclude one another. In some cases, a region is characterised by 
contradicting entities. Some sort of temporary equilibrium is present, but without 
knowledge about the different forces that compete, the description of the status 
quo is less valuable. This is the case when describing the hydrological situation 
in an area as well as the socio-economic conditions that forced (or delayed) a 
certain development.

An example of the importance of the region as a conceptual tool is the set of 
rules for the actors in an area. These rules are dependent upon natural 
circumstances, principles for social behaviour and legislation. After some time 
the rules are changed and another game is played according to developments in 
nature or society. Sometimes the change concerns the same type of playboard 
(natural conditions or social context). The same chessboard can be used 
alternatively for chess and draught. If the playground is changed, some players 
will still try to use the pieces from the old game and new rules are not adapted 
to the new situation.

The intentions expressed in the relatively new Swedish Plan and Development 
Law (PBL) and Natural Resources Law (NRL) requires such a flexible approach 
and an information system where different alternative land uses can be matched 
with changing demands for water quantity and quality as well as improved 
knowledge about impact. The classical methods of estimating transport of
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nutrients calculates the loadings of uncertain origin for whole river basins. This 
method was adapted to the techniques and resources available at that time to 
calculate sources that were not easily referable to a certain industry or municipal 
waste water source. The old methods, however, are not sufficient to meet the 
higher ambitions in present environmental policy. "The regulatory scalpel" is 
needed to meet these higher ambitions and ensure a balance between public and 
private interests.

Also, administrative rules dealing with Land and Water Management have to be 
changed to create the combined expertise that is needed to correctly handle 
questions related to these topics. Problems occur due to the difficulties in 
documenting the whole range of factors related to a decision as well as the 
succession of officials and politicians involved (Lönegren 1987). GIS can also 
play an important role for organising and the retrieving information. One 
possibility is to combine traditional cartographic information with remote 
sensing data and geological surveys.

Satellite Images - Remote sensing for Areal Studies

Environmental impact studies are beginning to appear in local government, but 
still the most common answer to questions about remote sensing is that they do 
not need too look in the sky for knowledge they already have within the city 
boundaries. With the growing demands for detailed knowledge over larger areas, 
remote sensing is, however, becoming a realistic alternative. In forestry, satellite 
images have been introduced for monitoring and management. In Sweden, Spot 
images are combined with scanned air-photos to obtain a combination of spectral 
and geometric resolution. In this way, geographic data from different sources 
cross-validate each other counter to a scientific paradigm where errors are 
supposed to propagate each other (Goodchild and Gopal 1989). There is also a 
tradition of using air-photos as base-maps in Swedish large scale and cadastral 
maps, which can be further developed in GIS.

The integration between systems is now, done, to a great extent, by the 
introduction of raster and image processing facilities in traditional vector 
systems such as ARC/INFO. The raster oriented systems are at the same time 
integrating vector capabilities to manage network analysis and to utilise available 
vector data and models.

Applications of GIS in forestry and farming focus mainly on two dominating 
tasks. The first aim is the need to improve production and the second the desire
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to take responsibility for environmental impacts such as those on water. In 
Scandinavia the damage to the forest as a result of acid rain stresses the 
necessity to predict impact and analyse where to take such counter-measures as 
liming (Wastenson, et al. 1987).

Also airborne microwave sensors and radar have now been developed for 
monitoring purposes (Hellsten 1989). As new remote sensing techniques develop 
that provide, for example, precision positioning and altimeter data, several new 
needs for remote sensing will appear. Also texture is important information in 
images. Large tectonic structures are often clearly visible from high elevation. 
In crystalline bedrock, areas with frequent fractures indicate good availability of 
ground water as well as areas with problems in the case of constructing 
buildings. Fractures can also indicate the presence of minerals. The topsoil can 
be interpreted from drainage pattem and land use features. Potential erosion is 
another phenomena that can be related to the drainage pattem (II).

Geology and GIS

In geology, a wide range of GIS methods have been developed to aid in 
prospecting for minerals and other geological resources, such as geothermal 
energy. Earthquakes, landslides and vulcanism are hazards investigated to 
prevent damages and save lives. The oil industry has by virtue of economic 
resources, developed sensors and computational methods to investigate and 
estimate findings. Geological radar, differences in gravity, differences in 
electromagnetic fields, radioactive radiation and geochemical surveys have been 
used to discover geological structures that host minerals.

Projects concerning soil maps and geochemical maps have an increasing 
importance in environmental studies and planning. Also GIS that cover areas in 
a large scale are now integrating geological information. Soil and ground 
surveys with high geometric and thematic resolution are frequently made in 
connection with developments and these data have in many cases been digitised. 
Integrated in GIS systems, the database can be reused in intensified development 
or as input in models to calculate subsidence against earth slides, changing 
ground water levels, for radon investigations and studies concerning suitability 
for energy storage.
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GIS and context

What GIS techniques and approaches of databases are most meaningful depend 
on the tasks and the technological level in the society or organisation that wants 
to take advantage of the methods. The importance of organisational aspects in 
information science is illustrated by Langefors (1973) who claims that only one 
out of five important questions in connection to Information Systems 
development is dependent on computer science. This is a painful experience 
several organisations have made. Data and models used in GIS have to link to 
other parts in information systems to facilitate communication and make results 
applicable in planning and other processes for decision such as economic cal
culations. The administrative units can, together with spotted information, 
comprise the basis for calculations of physical properties as well as for 
calculations of flows of matter, energy and information. In system design and 
to fully employ data and information provided in a GIS, a system approach can 
be adopted (Klir 1985). It is also important to define the system and its 
subsystems in the process of creating the GIS.

In general systems theory, geography could be defined as the environment of the 
systems involved in terms of space, time, matter, energy and information. Space 
in this sense can be physical or conceptual and abstract. The different ways we 
define space are reflected both in geometric and thematic scale (VI). By creating 
a tool (GIS) that makes it easier to change viewpoint, and perhaps window, 
when we are looking into the diorama that we built up as a conceptual model 
to understand the world, we get some help in explaining and discussing our 
personal views with other scholars and scientists, who have different eyes, 
background or interests.

3.3 Nonpoint source critical area analysis

A GIS method which is intended to be useful in nonpoint source critical area 
analysis is discussed in article (H). Nonpoint source pollutants are under special 
attention because of their expected significance for contemporary environmental 
problems.

A problem concerning water quality is the fact that a great amount of the 
pollutants are of non point source character. Land use, agricultural practices and 
natural sources that, due to increased acidification become mobile, are said to 
contribute to most water pollutants in Sweden today. The efforts to control 
nonpoint sources have increased in Sweden after a successful reduction of point
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source emissions during the 1970s.

To contribute to the development of a model that calculates and predicts nutrient 
losses, a modification of the Universal Soil Loss Equation, USLE (Wischmeier 
and Smith 1978) was performed. This way of calculating and trying to manage 
leaching nutrients is referred to as modelling with distributed models. These 
models calculate the different factors of importance in every piece of land with 
a spatial and thematic resolution corresponding to available data and needs. The 
models were designed to have the following features:

a) High predictability for distributed phenomena such as nonpoint source areas.
b) Convenient changing of ingoing parameters and their weight
c) Be able to combine with remote sensing for fast data acquisition
d) Obtain high geometric precision
e) Be possible to use in combination with statistics of run off, water-quality 

data and land use.
f) Include time dynamics and facilitate historical perspectives.

In article (II) an area of 493 km2 is divided into a matrix of 50x50 m large cells 
to determine risk areas for nonpoint source pollutants. Every cell is evaluated 
with the intention of estimating risks of sediment-related nonpoint source 
pollution. In the study a method of handling nonpoint sources is proposed. 
Though the method cannot estimate absolute loadings, the idea was to determine 
in what areas was it most important to calculate real figures. Special attention 
was also given to finding a method suitable for participation in a planning 
process. The system used is described in FIG 3.3.

Model and data sources

The case study examined the contributing watershed area surrounding Lake 
Roxen in Östergötland county, Sweden. Lake Roxen is contained within the 
Linköping NO topographic map. The 493 km2 study area is a portion of a single 
topographic map (scale = 1:50,000). The following digital maps were used to 
identify the critical nonpoint source areas of sediment related nutrients.

In the USLE model, adjusted for GIS, soil-classes have been translated to 
Swedish standards and some other modifications have been made. The original 
two factors "river density" and "river closeness" are, for example, combined by 
making distance zones along the rivers and streams. In this way overlapping 
distance zones will also indicate river-density.
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FIG 3.3 System components and inputs for the nonpoint source GIS (II)
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TAB 3.3a Nonpoint Source Maps

(1) Soil map - A soil map was digitised using information from the Swedish Geological Survey 
(SGU) soil map 1:50,000. Soil types were grouped according to particle size. For example, glacial, 
postglacial, fluvial and till silts were combined into a single group (particle size: 0.002 - 0.2 mm) 
for the purpose of creating the digitised map.

(2) Slope map - Elevation data on tape was obtained from the Swedish Land Survey (LMV). The 
data consisted of elevation points taken at every 500 meters across a transect. The data were read 
into a FORTRAN program that calculated the slope for each 500 X 500 meter cell, given the 
surrounding elevations. The output file contained a 512 X 512 matrix of characters representing 
values for the slope. An image was created from this file showing the slope of each cell.

(3) Land use map - A satellite image (Landsat 5 TM), obtained from the Swedish Space 
Corporation, was rectified to match the topographic map with 50x50m pixel size in a 512x512 
image. This was used to develop the land use map. Urban area boundaries in digital form were 
obtained from the Swedish Bureau of Census (SCB).

(4) Water course map - Hydrologie features of the region were obtained from data provided by the 
Swedish Meteorological and Hydrological Institute. Smaller water bodies not included in this data 
base, but shown on the 1:50,000 topographic map and watershed boundaries, were digitised.
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The topographic information used was on a 500x500 m resolution. The soil map 
was digitised with a nominal accuracy of one metre, but this is, of course, false 
as geometrical problems occur in several steps. A realistic accuracy could be 
estimated to 20-30 m according to systematic faults, printing mistakes, problems 
with cartographic features etc. If we compare this with the resolution of the 
LANDSAT satellite image, it is, however, tolerable. The satellite image was also 
rectified to fit the national grid-system in Sweden. As a result of this operation 
the original 30x30 m wide pixels were recalculated to a 25x25 m grid. To adjust 
the matrix to the available resolution on the image processing system (512x512 
pixels) and to the size of the topographic map that we wanted to use for 
presentation, the actual size was reduced to 50x50 metre cells.

Results of the GIS Analysis

A product map was created in the GIS system, representing the four factor maps
according to the expression: P = ((K * S * W)/4) * L
Where;

P = product map matrix 
K = soil map matrix 
S = slope map matrix 
W = water course map matrix 
L = land use map matrix

The numerical weights for the different factors are presented in TAB 2. The 
resulting product map resulted in 52 pixel values distributed between zero and 
255. These pixel values represent the relative importance of a given area on the 
product map. The product value for 80 percent of the land area is below 100. 
Five percent of the area has a value of 255 or greater (any product value over 
255 is truncated to 255). For the case study analysis, this top five percent was 
designated as a critical area. Similarly, values between 180 and 255 were 
designated as sub-critical (5.7 percent of the land area).

As new knowledge, standards or environmental protection goals arise, the limits 
for this classification can be adjusted. In an article (Hughes and Larsen 1988) 
it is shown how important detailed information on specific conditions are in 
choosing an appropriate local protection goal. If this strategy is chosen or 
special attention is directed towards a special area, the limits for high or low 
risk for nonpoint pollution have to be adjusted according to the environment 
management goals within every "ecoregion".
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Last of all the critical and sub-critical areas and their percentage were calculated 
for each sub-basin to identify the most critical sub-basins. Greater information 
and detail can also be obtained from a sub-basin within a sub-basin (thus a sub- 
sub-basin to a basin). This process can be further continued until the desired 
level of information is achieved.

3.4 Validation of the USLE model

A question was raised regarding the validity of the modified USLE model 
introduced in paper (E) as it was not originally adjusted to the climate and the 
special conditions in the investigation area. When the theoretical model was 
published, a monitoring program was launched that could be used to check the 
confidence in the model. The modified USLE model presented in article (E) was 
tested by a one-year monitoring program performed in the whole Svartå River 
Basin, Östergötland. Two different methods of adjusting the results from this 
monitoring program for transport of TSS (Total Suspended Solids) and TP 
(Total Phosphorus) are presented. The contributions from different River Sub 
Basins were compared with the "critical area values" obtained from the GIS 
analysis. One result is that no single factor such as soil type or land use can 
explain the differences in loadings from the sub basins. However, a regression 
between critical areas and loading estimates shows a R2 of 0.98 and 0.96 for TP 
with method 1 versus method 2. For TSS the figures are 0.91 for both methods.

This is still a pilot study since the model has to be further calibrated for 
different types of landscape. The model is also still rough as it does not take 
variations in local climate into account and is not adjusted for effects caused by 
the northern European winter.

The low geometric resolution in the digital maps can also contribute to faults in 
the calculations. Narrow clayey valleys in a landscape dominated by bare or 
forested solid rock are typical of the landscape in the south. Here the resolution 
of the topographic database can result in an overestimation of loadings. The fact 
that only the 0.3 m sub-layer of soil is indicated on the soil map can also give 
a false input when predicting the potential for erosion. The area used for the 
monitoring program was not originally chosen for the purpose of verifying the 
GIS model. In this way the transport data were calculated for two river basins 
that are larger than was optimal for calculations made according to most of the 
data sources.
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TAB 3.3b Values for Determining Critical Source Areas

MAP CLASSIFICATIONS USLE GISVALUE

Clays 0.45 5
Silts/fine sands 0.38 4

SOILS* Sands 0.33 3
(K) Organic matter 0.30 3

Graveis/hardrock 0.20 2

> 7 percent 1.20 12
5-7 percent 0.78 8

SLOPE* 3-4 percent 0.40 4
(S) 1-2 percent 0.19 2

0 percent 0.00 1

Agric. (exposed) 0.15 30
Agric. (harvested) 0.10 20
Agric. (covered) 0.05 10

LAND USE* Urban areas 0.03 6
(L) Grasslands 0.01 2

Forests 0.005 1
Water 0.00 0

Zone 1 (0-50 m) 1.00 10
WATER Zone 2 (50-200 m) 0.60 6
COURSE Zone 3 (200-1000m) 0.30 3
(W) Zone 4 (> 1000 m) 0.00 1

* McElroy et al. (1976)

Though the absolute values were highly overestimated, the result of this 
monitoring shows a good relative correspondence between drainage basins with 
a high percent of "risk-areas" and the measured transport of nutrients.

As pointed out, the GIS method has further beneficial characteristics due to the 
possibilities of updating data concerning land use, vegetation cover and the 
possibilities of testing management options. The ability to distinguish every 
hectare according to its risk-factors provides a unique tool for planning and 
directed information for agricultural policies and information. The possibilities 
of communicating the result of the model to professionals who deal with 
different aspects of the cultural landscape makes it possible to calculate total 
balances for changing land use.
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Results

In the article (H) a GIS application is described which identifies critical nonpoint 
source pollution areas of sediment-related nutrients. This critical source area 
information might then be used to aid in the development of nonpoint source 
control strategies or for a monitoring program design. The study shows the 
possibility of using GIS in selecting critical source areas for sediment related 
water quality problems and land resource protection.

Recent attention to environmental problems and the focus on scarce resources 
are factors that will increase the need for models that describe the interaction 
between land use and water. Recent studies have shown, for example, that the 
flow of nutrients in our rivers to a very small extent corresponds to the 
calculated net surplus of fertilisers supplied (Karlsson 1989). To distinguish 
areas where nutrients can be mobilised, it is necessary to find factors of 
importance for changed chemical conditions such as pH levels, redox potential, 
cation balance and levels of humic acids. These conditions are also of 
international interest as they influence the global flow of nutrients.

The intention in the article is also to demonstrate a low cost system that takes 
advantage of Landsat or Spot satellite images together with available public 
digital databases.

The main concept of this article has been widely accepted as relevant in 
planning and resource management with its potential to predict nonpoint source 
pollutants on every hectare of land. The land use information obtained from 
remote sensing, such as satellite images, provides a cost-effective data capture. 
However, digital soil maps are not commonly available yet. The method of 
combining the different soil classes into only five groups was necessary owing 
to the resources available and the ability to digitise the data. This is not, 
however, a good strategy as data are destroyed with respect to their dynamic 
properties. A better method is to store the soils according to the particle size, the 
mineral content, content of organic matter and texture. Here much research still 
remains to be done.

One advantage with GIS models is that they can change model parameters and 
their weights. According to later studies, a much more detailed topographic 
model would have been appropriate. The importance of factors like geographic 
orientation or convexity have later been stressed. Though not included in this 
model, these factors can perfectly well be involved as they are easily calculated 
in newer GIS software (McLaren et al 1989). To be able to comprise a more
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detailed topography, an intensive data-capture is needed. In this case the project 
could not afford the more detailed data. Macroporosity is another factor that can 
affect erosion. These macropores can be a result of boulders or vegetational 
roots. The last can to some extent be estimated from interpreted aerial 
photographs or satellite images, but co-operation between geologists and model- 
makers must be established for specifications of digital three dimensional 
representation of soils. The situation would be more favourable if not only 
information about the topsoil layer was available, but also if geohydrological 
data were included, as well as information about the entire geologic section.

The areas most concerned with nonpoint pollution are now under priority for 
production of digital soil maps. It is very important to investigate all possible 
aspects of these new digital maps as the development will require a much 
different database for calculations in the future. New means of data capture are 
also being investigated in order to produce 3D maps with higher thematic and 
geometric resolution than recent studies.

Further applications of the model

Metals leaching from sediments and silt which affect life in the sea are now 
under attention. The actions taken to stop metal leaching can, however, in 
unfortunate cases be the beginning of a massive mobilisation of nutrients. The 
old remains from mining can be very rich in unpleasant substances. Sediments 
from lakes situated downstream from activities that handled toxic heavy metals 
decades or centuries ago can suddenly become mobile, due to changed land use 
or activities that impact on the pH.

The health effects of metals in the soil and bedrock have been investigated in 
the report to the Royal Society’s British National Committee for problems of the 
Environment 1985 (Environmental Geochemistry and Health 1985). The 
recommendations were to intensify geochemical surveys and analyse the results 
together with information about vegetation and other factors relevant to 
estimating the mobility of the substances. Digital methods of handling soil maps 
and other data were suggested. To manage the difficult research tasks, it was 
recommended that interdisciplinary groups be formed.

In the USA, the emphasis on understanding how different waste disposal 
systems impact on the environment has, up till now, been much more stressed 
than in Sweden. Models to calculate such impact on groundwater from various 
land uses have been created (Rosén 1988). Models like DRASTIC, DEQE and
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LaGrand are highly adequate for use with digital maps in a GIS system. To 
calculate the risks with a specific waste disposal facility, its location, together 
with all its components, have to be taken into consideration.

The same databases developed for the USLE model can also be used as a base 
in a system to calculate the risks for groundwater pollution. However, databases 
with all the necessary parameters have to be created for all local governments. 
Research efforts to find methods to handle the problems concerning land use and 
water, and how to integrate data in a common information system for local 
governments, are under way.

To do something about the uncontrolled flow of nutrients, metals and other 
hazardous components in the environment, we must know the sources of, and 
the mechanisms for, their diffusion and transport with high precision. As 
resources become scarce we have to improve their management. As new 
requirements are placed on planning regarding environmental considerations, the 
revision of plans has to be done quickly and conveniently (Vattnet i kommunal 
planering 1989). Several research questions can be suitably dealt with in GIS. 
Municipal control of Land Use and Groundwater (Lönegren 1987) and dynamics 
of mass transports from old mining areas (Karlsson 1987, Sandén 1988) are 
some examples. A large research effort has also been made by the government 
to control the leaching of waste disposals from mining activities in the Dalälven 
River Basin (SOU 1988:34).

The work with the nonpoint source model also gave some experience regarding 
the differences between digital data produced for mapping purposes and data 
directly produced for use in a GIS. The soil information used for the model was 
digitised from the printed soil map in 1:50.000 (SGU 1975). To distinguish the 
main texture classes the different soil fractions were divided into clay, silt, sand, 
and rock. To use information about organic soils this class was added. There is 
a large economic and environmental value in the ability to distinguish areas 
suitable and less suitable for certain (land use) activities. Whether or not the 
new technique will be used depends on the demand. The common technological 
level will affect the geometric and thematic resolution data are collected in. As 
data become available in finer resolutions, more detailed models can be utilised 
and this will probably lead to a demand for even more detailed data. For every 
age and technological level there is an optimal organisation of human actions. 
There are sometimes differences between what is possible and what is politically 
desirable. On the other hand a certain technique and its possibilities will 
influence the choice of goals and level of ambition. This is reflected in the fact 
that both thematic and geometric scale differ significantly between different
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data-sources. This kind of problem is discussed in chapter (VI) where it is stated 
that the ability to compare data regardless of their different base of reduction is 
one of the advantages with GIS.

3.5 Detecting the Hydrological Mosaic

On top of the physical conditions, human impact on hydrology and soil-moisture 
is significant. Agricultural practices can, to a great extent, modify the local 
physical conditions, but man has also altered the hydrological regime by 
changing land use and drainage. To calculate this human impact, land use and 
drainage were included in a model that estimates soil-moisture. In this way the 
landscape was divided into six wetness classes that could be compared with an 
1870 cultural landscape obtained from the cadastral map of rural hundreds 
(Häradskartan, 1878). By comparing the results from these wetness maps, it was 
possible to estimate the historical change in groundwater discharge and recharge 
areas.

To be able to predict the result from drainage and other activities with effects 
on the soil moisture, the whole range of relevant factors, expressed as the 
landscape mosaic, have to be combined. The hydrological changes due to human 
impact are not constant in either time or space. In paper (IV) hydrological 
response is discussed. Hydrological response as it is defined in the article can 
be counted in hours whereas the processes that changed the hydrological mosaic 
work over hundreds of years.

Due to the combination of different natural conditions and vegetation, the 
hydrological response is very heterogeneous. The response time also varies 
between hours, for surface run-off, and years, for impact on ground-water. To 
find areas of concern for changing hydrological conditions, no single factor is 
sufficient as an indicator. As impact changes over time owing to changing 
canopy cover, land use and influences, ongoing monitoring has to be used. 
Remote sensing methods are important here as they are cost effective for 
regional analysis. With the help of remote sensing, it is also easier to calculate 
impact on the vegetation and calculate land use changes. As data are delivered 
in digital form, these calculations are convenient to perform and the result can 
be used with other digital data in a GIS. Distributed models are easily performed 
in raster-systems originally designed for remote sensing operations. The raster 
is used as a mathematical matrix, in this case with 512x512 cells or pixels. 
Every pixel can be coded with a unique number from 0-255. Three such layers 
can be shown in RGB colours to visualise a synthetic colour picture. Eight
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single bit-layers are given a certain colour to perform thematic overlays. Totally 
32 bits of information can be handled in every pixel at a time.

The data needed for the calculations could, to a great extent, be transferred from 
the databases already created (II, III). The databases concerning soils, slopes and 
hydrography were used with changes only in the class borders for the different 
factors. The original elevation model obtained from LMV (Swedish Land 
Survey) with absolute figures in m.a.s. was then utilised to calculate the relative 
height within the watersheds. In this way the lowest 20% of the areas within the 
watersheds were considered as discharge areas. Levels between 21-60% were 
regarded as intermediate, e.g., levels that can function as both discharge and 
recharge, and those between 61-100% of the highest areas were regarded as 
typical of recharge. These areas were coded with 2, 4 and 8, which were 
combined with the same weights for slope and distance from water. Distance 
from water bodies was calculated from the Swedish Meteorological and 
Hydrological Institute (SMHI) digital hydrological database HYPOS. Bodies of 
water smaller than 1 km2, were not represented in the database, but detected 
from the LANDSAT 5 TM satellite image. To harmonise with the pixel size in 
the study area, distance zones were generated 0-125, 125-250 and >250 metres 
from the water. Soil type was coded according to its contribution to recharge 
with 0 - for organic and clayey, 2 - silty and 4 for sandy, gravely. To these 
more stable factors were added values according to land use with 4 - forest and 
0 - open land; Drainage, 6 - yes and 0 - no. These factor values were calculated 
for every pixel and these were classified according to the wetness indicator 
values;

To these factors, information about agricultural drainage reported to the County 
Agricultural Board (Lantbruksnämnden) was digitised from old register maps.

Table 3.5a

HYDROLOGIC TYPE GIS-VALUE

Discharge 1 
Discharge 2 
Intermediate 1 
Intermediate 2 
Recharge 1
Recharge 2

6 -  8 
10 -  12 
14 - 16 
18 - 20 
22 - 24 
26-40
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These maps functioned as a manual GIS at the Board with the extension of the 
object and a registration number referring to a file drawn on the map.

The method of combining different factors in this way is possible and practical 
to implement for other studies also. Another method which may be developed 
concerns the visualisation and calculation of multidimensional phenomena. The 
figures 7,9,11 (VI), as well as the hydrological types, can actually be shown in 
a more pedagogical way by showing the distribution of several factors in one 
and the same map.

This method was not chosen because of problems in printing the result. The 
discrimination between land use layers was, however, performed in this way by 
combining two digital land use maps. By giving specific numbers to every land 
use class and combining the two time layers, also described in (VI), the outcome 
product gave both the original values and the result.

Table 3.5b

1870 1985 GIS value

Open land 2 8 10 Open 1. 1870 & 1985
Forest 4 16 20 Forest 1870 & 1985

4 8 12 Forest 1870 & Open 1. 1985
2 16 18 Open 1. 1870 & Forest 1985

In the paper it is estimated that the drainage activities in Svartå River Basin 
have caused a 5% reduction of discharge areas. An increase of maximum daily 
runoff-generation is also indicated, except for river basins dominated by forests. 
The increased runoff-generation is estimated to be significantly larger during the 
autumn than during the spring. The calculations concerning runoff could be 
performed with better precision by applying the model on every pixel instead 
of on the whole sub-basin. Such models, however, have not been developed yet.

An important advantage of GIS modelling is the ability to compare the results 
from the model with other models. It is also possible to combine regular models 
and GIS models with remote sensing and data from airborne sensors for region- 
wide, frequent and radiometric investigations. In ongoing studies over the 
Bomsjö drainage basin, south Stockholm, in a SPOT spring-image, it was 
possible to distinguish between areas with winter crop and those uncovered 
during the important snow melt period. It was also possible to detect differences
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in soil-moisture (Eriksson & Sivertun 1992). A combination of images from 
different periods during the year can, in this way, contribute with several 
relevant aspects. To be able to estimate real impact on water the distributed 
hydrological models that are used together with GIS have to be calibrated for 
several areas.

The combination of data and approaches from different traditional disciplines is 
supported in the GIS. This article develops a technique where the characteristics 
for slope, relative height, distance from water, and soil type are divided into 
typical discharge, intermediate and recharge areas. The different factors were 
supposed to be contributing or retaining forces to discharge of water. The ability 
to model soil moisture has a wide range of applications. For a deepened 
understanding of processes concerning mobility of nutrients and metals, detailed 
knowledge about changing soil-and ground-water is necessary. To calculate 
productivity in forestry and other commercial interests, soil moisture is an 
important factor.

3.6 Man as a Hydrological Factor - GIS for Historical Analysis

Historical aspects of water and land use related to water have, to a minor extent, 
been taken into consideration in studies on environmental consequences and long 
term impact on different parts of society. At the same time the principles for 
development studies and economic growth in agricultural societies need 
development to describe the various aspects in the process studied.

Validation of data sources

In the investigation of drainage activities in the Swedish county of Östergötland, 
several disciplinary perspectives were used to contribute to the understanding of 
the complex forces that encouraged drainage. The GIS method of describing 
these different factors in space and combining/comparing them creates a 
platform for an interdisciplinary discussion. In this discussion we can use the 
possibility of perceiving the complex network of natural and social factors that 
gives a certain outcome instead of arguing about which factor is most important. 
When investigating historical records a major problem is to validate the 
available sources of information. They can be recorded with different levels of 
reduction or precision, and for different times. The time period covered by this 
study reflects the availability of relevant empirical material. The material in this
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study consists of: County Agricultural Board records covering permits and 
sanctions for state subsidies of artificial drainage projects between 1875 and 
1950, records of artificial drainage activities reported to the Östergötland County 
Land Survey between 1774 and 1948, and records of drainage handled by the 
county agricultural engineers between 1886 and 1981. Several attempts to 
promote drainage were made by the authorities over several hundred years. 
Why, then, do we suddenly see the tremendous development of drainage shown 
in figure 3.2 (VI)?

None of the data sources concerning drainage can, by themselves give a 
complete picture of the drainage activities. The frequency of drainage works 
reported to the county land survey gives only a figure related to the parish. The 
Agricultural Society/Agriculture board in Östergötland have drawn approximate 
borders for the individual drainage projects on their register maps, and the 
agricultural engineers give total areas and average costs - unfortunately only for 
the whole county. The Agricultural Engineers were active in the drainage works 
as consultants and to give authorisation to grant state subsidies. Their statistics 
are important to give an idea about the costs and how extensive the projects 
were. By combining the different sources, such as digitised maps of drainage 
undertakings in Östergötland, with statistics of drainage works reported to the 
land survey and statistics of drainage under supervision of the agricultural 
engineers, a more complete picture is obtained.

Today drainage can represent as much as half the value of agricultural land 
(Månsson 1988). The investments in labour and money were significant also 
earlier, especially as the technology was less developed. Theories differ among 
scholars who want to see the diffusion of innovations as the main reason, or the 
market as the main force, for agricultural development. Pressure from the 
population is another factor regarded as important for the development. The GIS 
system provides an opportunity to compare these soft factors with information 
about physical circumstances. It is also possible to visualise the spatial 
distribution of complex relations.

Data on natural conditions have been captured from digitised maps of soils and 
historical land use. Digital databases for urban areas, watersheds, elevation and 
hydrography have been used together with satellite images of actual land use. 
Official statistics of land consolidation and population by parish has been used 
in the area. The geometrical resolution has differed between the sources, but in 
each case the best common resolution for each factor has been used. In this way 
mapped drainage projects have been compared with drainage frequencies and 
population density by parish.
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Among thenatural conditions that influence the introduction of drainage are soil 
type and location in the watershed, e.g., natural soil moisture (III). A comparison 
of the mapped drainage works and the natural soil moisture classes was made 
in accordance with the principles developed in paper (IV).

By comparing the mapped extent of drainage works with statistics over drainage 
frequency calculated per parish, it was possible to some extent to verify when 
the different drainage-works took place. It was also possible to see that drainage 
was not as dominating in clayey areas as expected. Also sandy and silty areas 
were well represented. The explanation could be that the clayey soils were 
drained earlier during land consolidation and the indicated drainage only 
improved old projects. Enclosure and land consolidation which started about 100 
years earlier were two movements that gave incentives to improve agricultural 
land and also influenced drainage. Old cultivation practices with cattle on the 
fields in the autumn were abandoned and when redistributing the plots, ditches 
were used to mark the borders. These ditches had to be improved at the same 
time as the common drainage boom resulted in lowered groundwater levels, and 
better potential for managing subsurface drainage.

Artificial drainage is sparse in the upper parts of the Svartå River basin, where 
morainic soils alternate with organic soils. In these tracts, it is mostly the 
organic soils that are artificially drained (Sivertun et al. 1986).

The spatial distribution of the artificial drainage schemes implemented between 
1870 and 1950 in the Svartå River Basin are shown in Figure 3.2. The map 
indicates a skewed spatial distribution. Most of the drainage activities seems to 
emerge in lower clayey parts of the river basin. A calculation of the relationship 
between artificial drainage activities and soil was made and the results indicate 
a higher proportion of artificial drainage on clay soils compared with other soil 
types.

Nearly half (44%) of the drainage schemes in the River Svartå basin were 
implemented on clay soils, while 34% of the drainages were on the most 
common soil type, i.e., sand. One reason for the higher proportion of artificial 
drainage activities on clayey soils is their higher agricultural value. The main 
limiting factor to agricultural production is excess of water and low air contact 
for the plant roots. Table 3.6 indicates that the most commonly drained areas are 
the clayey soils. While this is not surprising, what is remarkable is the high 
percentage of sandy soils that have been drained. The bias resulting from the use 
of information sources showing only those drainage activities receiving state 
support may partially explain this observation. Since it was not profitable to
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drain sandy, marginal areas without government support, they are over
represented in the material. Another explanation is that the total water body in 
an area had to be lowered to obtain effective drainage of the more productive 
soil types.

Table 3.6 Drainage in Comparison to Distribution of Soils In the Svartå 
River Basin

Soil classes in the Drained areas
soils whole river basin relative to the groups

clays 22% 44%
silts/fine sands 9% 13%
sands 46% 34%
organic matter 8% 9%
rock 9% -

residual 6% -

total 100% 100%

Source: SGU (1975) and Sivertun et al. (1986)

Topography and Soil Moisture

The County of Östergötland contains some of Sweden’s most productive 
agricultural areas. In the northern Svartå River Basin, the fertile Cambrio Si
lurian plain predominates, while in the southern lake areas, Pre-Cambrian granite 
is the most common. This southern area is sparsely populated and mainly 
covered with forest. Between these two extremes, there lies an area of shallow 
valleys, where glacial deposits are found together with peat bogs. Topographic 
conditions and the need for artificial drainage vary greatly within the area. To 
describe variation in soil moisture in the Svartå River Basin, the GIS system 
was used to calculate Soil Moisture Classes. These classes, which reflect 
location in the river basin, relative elevation, vegetation cover and soils, appear 
in Table 4.4 (V) wherein drained areas, digitised from Agricultural Board 
Registration Maps, are compared using these classes and their relative
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distribution.

The visual representation helps the interpreter to distinguish between different 
regions. It also shows the spatial distribution, which in itself poses questions 
about similarities and differences between the groups. We can compare different 
demographic developments with soil- classes, land consolidation activities, 
drainage activities and so on. The local mix of factors typical for that place is 
shown in every pixel. The space where these different processes take place in 
itself gives the logical frame for an understanding of the context. In this way the 
hypothesis that the clayey soils were the main target for drainage has been 
balanced. The reason why the sandy soils are so heavily drained is also 
discussed. This study is, however, only the first step in a further investigation 
of how population and demographic conditions influenced drainage.

As the GIS technique provides a handy way to compare different disciplinary 
approaches this study can be regarded as a contribution to a necessary debate. 
We can, however, observe that space functions as a frame for this debate. We 
can also observe that the natural conditions translated by human ideas form the 
cultural landscape and that these three factors are mutually dependent on each 
other. The farmers were not unwilling to make the necessary changes, but they 
are bound by the physical structure that was a relic of a passed rationality. The 
implications in the landscape today caused by drainage that was necessary to 
improve food production during the 19th century have now been discovered. 
Again the rationality of the past influences our ability to solve recent problems 
concerning environment and production.

The development of drainage has been investigated on the basis of three 
different measurements. This has been necessary to obtain some certainty on 
when and where these activities have taken place as they historically have been 
recorded in a fragmented way, with different levels of reduction and for 
different purposes. Agricultural drainage, which was fruitlessly propagated 
during centuries by the authorities, saw a dramatic development in the 19th 
century. The different explanations to this increase in drainage has been 
evaluated with respect to natural conditions, population and social organisation 
expressed in the spatial distribution of farms and plots. This comparison has 
been successful as it is possible to compare the different geographic aspects 
regardless of their nature or distribution.
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Statistical versus geographical analysis

A statistical analysis of the different landscape elements’ change in the 
landscape will not give a fair picture of real change. The statistical figures will 
not describe where the different landscape elements are situated. In the article 
it is demonstrated how the percentages of open land, forest, wetland and lakes 
differ from 1870 to 1986. The actual change analysed in the GIS provides a 
picture of how the different landscape elements changed place in the landscape. 
In the plains, the small forested areas as well as wetlands were replaced with 
agricultural land, and in the forest areas also the small acres have disappeared. 
The percentage of wetland will not indicate the dramatic change in location of 
remaining areas. The richer wetlands on the plains have been replaced and are 
now mainly represented by drained lakes in marginal regions, representing 
totally different biotopes. The impact on hydrological regime and resulting 
mobilisation of metals and nutrients has also been mentioned. The possibilities 
of analysing how the landscape was used and how entire landscape elements 
changed place is important not only for purely scientific reasons but also as an 
input in an information system for the protection of the cultural landscape and 
for support to planners.
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4 GIS IN INTER-DISCIPLINARY ANALYSIS 
AND COMMUNICATION

4.1 GIS - a universal language

One cannot claim that maps are value neutral or context-free. Neither the 
background nor the figures on maps are neutral, blank or unstructured. This 
study does not claim that maps or visual communication could act as a ’Clavis 
Magna’ or a universal language that can express all possible knowledge and also 
"think by itself' (Den inre bilden 1988:13). At the same time, however, a 
Theoretical Physicist, K.V. Laurikainen, claims that the only way to describe the 
world is by comparisons and pictures. It is remarkable that this strategy has been 
successful in a way that is reflected by the development of modem science (op. 
cit.). By comparing our different pictures of the world in the form of maps in 
a GIS, representatives from different disciplines can create a platform for mutual 
exchange of knowledge and ideas to obtain an extended understanding of the 
prevailing (natural) prerequisites and the consequences of different actions.

Traditional information systems are often made to serve a more specific purpose. 
For surveying, a broad set of tools to handle input and make calculations is 
needed. For classification of satellite images and air photos, other functions are 
important. The desire to handle multidimensional data-sets puts even more 
demands on the GIS.

The problem of showing relations in three or more dimensions can be solved by 
projecting the spatial distribution of the components into a three-dimensional 
colour coded superspace as shown in article (V). Every pictorial element forms 
in this way a "Hyperpixel". How this is done will be described later. 
Quantitative data in ordinal-, interval-, quota-, and fuzzy scale systems must be 
possible to use in combinations. Also it must be possible to involve qualitative- 
and nominal data in the map-model.

By working with maps as pictures or images, it is possible to show and handle 
all these kinds of data together. The problems of fuzzy or qualitative data are 
not solved by this method, but, if we are lucky, the new combinations of 
knowledge can give us a better base for decisions. Obviously a new attitude to 
numerical values must emerge with less respect for their nominal values but 
with an emphasis on knowledge about their consequences. Furthermore we also 
have to consider ethical values as well as the "hard facts".
Interacting processes concerning smaller areas with processes over large areas
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often have to be described. In a GIS this problem can be solved. Attempts to 
describe small scale changes of land use and hydrological processes in a meso- 
scale have been made (IV). With a powerful information system it is possible 
to calculate a land use matrix with high resolution and display the results on a 
scale that reflects the interest. It is also possible to make calculations with 
different significance in different areas according to available data or needs. In 
the studies referred to here, this has been done with information about soils that 
was available in different spatial resolutions in different parts of the area 
studied. This problem, which could be described as fuzziness, can be indicated 
in the digital map with the help of a descending series of numbers demonstrating 
the accuracy of a certain classification. The soil maps in these studies were 
coded in maximum 8 bits in a series; 0,1,2,4,8,16,32,64,128. If, instead, the 
available bits were 24, the numbers which could have been addressed would 
have made it possible to give every soil class three extra values indicating 
accuracy.

In discussions with geologists, the low spatial resolution of soil information has 
been criticised. If the resolution is improved with the help of data from different 
geological surveys, we still need a quality indication in the digital map. The 
impact on data storage and methods of solving this problem are further 
discussed in (I).

In paper (V) another problem is discussed. When present data is partial or 
incomplete, it is beneficial to combine information from different sources. In the 
paper, a situation is presented where digital borders of drainage projects reported 
to the County Agricultural Board could be digitised from old register maps. A 
time series of drainage reported to the County Land Survey was a second source 
of information that could cover another aspect. Data was registered for every 
parish and was divided according to the year into three periods; before 1830, 
1830-1880 and after 1880. This makes it possible to find out the frequency of 
drainage both in time and space.

In this way it is possible to cross-validate the different data sources but also to 
visualise the development of drainage by projecting the drainage projects on a 
parish map with the drainage intensities for the three time periods as colour 
coded. Drainage has in the same way been compared with estimated soil 
moisture, soil types, enclosure rates, population, etc. A combination of these 
factors has been presented to constitute an organic compound of factors on 
which the drainage projects are projected.
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4.2 A Method of Combining Multidimensional Data Represen
tation With Spatial Distribution - the Hyperpixel

If ground-truth facts are known, it is possible to create a model with a testable 
predictive value or even a descriptive picture to discriminate different areas. The 
distribution of clusters of values representing different sets of variables can be 
projected into a three dimensional space in the same way as a three dimensional 
feature (e.g. the earth) can be projected into a two-dimensional space (e.g. a map 
or image). This potential can be used to obtain a map showing many different 
factors and their spatial distribution at the same time as the combination of 
codes will give distinctive representation in colours. We can say that a multi
dimensional space is projected into the three dimensions represented by the 
colours in the "Hyperpixel".

If colours defined in an R (red) G (green) B (blue) system are used, the 
possibilities of addressing a mixture of variables are increased to, theoretically, 
the addressable digits in the different colours in cubic form. In the image system 
used for the studies in this thesis (the EBBA II from the Swedish Space 
corporation) every colour can be addressed in a bitmap consisting of 256 levels. 
If RxGxB is used 16,777,216 different numeric combinations can be addressed. 
Typically, two layers with 256x256 = 65,536 values can be handled and 
calculated with adapted software to obtain tabular statistics.

If a limited number of alternatives are given (e.g. Yes/No, High/Low, 1/2/3 or 
A/B/C/D) up to 8 different choices can be shown at a time in every colour. This 
means that three variables with two choices, two with three choices plus one 
with three, or two with four choices, can be shown in every 256 bitmap. This 
technique has been used (HI) to find hydrological areas considered as recharge, 
intermediate and discharge.

These colours and hues can be used to describe a three dimensional world as it 
is easy to project n-dimensions into three. In this way it is also possible to 
combine a description of the mathematical space expressed in time sequences 
or attribute vectors and their spatial distribution. Consequently, we are free to 
discover a very complex and rich reality (VI).
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5. CONCLUDING REMARKS - THE RÔLE OF GIS

In (I) some doubts are raised about the foresight and sense of good economy 
represented in several existing attempts to build Geographical Information 
Systems (GIS). Local governments have to face digital mapping and after a time 
they also have to face a new situation demanding a transformation of existing 
digital mapping systems into real GIS (op. cit.). Current development of 
hardware and software provides opportunities to make comprehensive area 
analysis. Demands for such studies are increasing from local governments and 
private firms. Systems and methods have to be designed to handle several data 
formats. New types of sensors and data sources (such as satellite images and 
GPS) will provide additional information in the future. This thesis contain some 
pilot evaluatings concerning the problem of using available digital databases.

Data in suitable geometric and thematic resolution are often available only for 
certain areas, and relevant GIS models are frequently missing. This affects the 
possibilities of creating calibrated GIS models. Some methods are proposed to 
overcome such limitations - distributed models that differ from traditional 
statistical models, as they calculate the different factors of importance in small 
pieces of land, and cross-validation of data between different sources. The 
problem regarding different disciplinary approaches in coding and analysis of 
data, and different ’genres’ in the way of describing objects and regions, have 
to be further considered in research. The development within several research 
fields like environmental geochemistry demands the GIS functions investigated 
here (Environmental Geochemistry 1991). The need for new combinations of 
data sources - for example in studies of environmental impact on health and in 
Geomedicine calls for an interdisciplinary approach within GIS projects 
(Geomedicine 1990).

A combination of the methods from systems sciences and geography seems 
rewarding. A prerequisite is the possibility to compare different systems in a 
certain geographic area. Most actual systems can be defined as having a 
geographic location or locality and sharing a common time-space. Natural, 
technical and societal systems that are sharing the same time-space often creates 
land use conflicts. By comparing knowledge about the different systems it is 
possible to locate frictions and conflicts in time and space. It should also be 
possible to find the areas of missing knowledge - to locate the white spots on 
the map. Often several social, economic and physical dimensions are involved. 
The task to study and compare different systems in many dimensions is shown 
to be facilitated by means of time-space methods implemented in a GIS.
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The way pictures can be used to accomplish a change in perspective is discussed 
by Janlert. A model is created from a description and as a new vocabulary is 
applied, creating a new description, eventually with a new perspective. A 
relevant representation, in attempting to solve problems, is repeatedly stressed, 
even to the point where "having the right representation is taken to be almost 
tantamount to having the solution". Problems that arise in a natural or social 
context seldom present themselves in the proper format for solving them. The 
ability to change between different perspectives is essential in order to 
understand and solve problems and these perspective changes are difficult 
without help of models (Janlert 1985:244).

Is it possible to translate the different expressions of a place to a common visual 
language, or is the best strategy to use them in parallel to support each other. 
In this theses it has been shown that both strategies are possible by help of a 
GIS. There is, however, a risk that the convenience of producing separate 
thematic maps designed for their specific users, with the help of a large set of 
symbols will reduce the possibilities of making analogies between the 
viewpoints (Buttenfield & Mark 1991).

A GIS can, however, provide the common "..landscape (that) can be used as a 
common reference for memories and symbols that bind people together and 
allow them to communicate" (Lynch, 1976:300 ff.). Knowledge about the 
models used in a description, in connection with personal relations to the areas 
investigated stimulates thought and action. The need to find tools for flexible 
organisation and reorganisation of data meets many obstacles. By organising 
space in objects, according to present implementations, we might lose the 
possibility of rearranging basic features to other objects that reflect new 
knowledge and new tasks. The temporary map that shows the result of a 
simulation has to be regarded as temporary and as only a step in a long series 
of different new simulations. The paradox with traditional databases, where you 
have to know what to ask for to get the desired answer, might partly become 
resolved by help of a conscious GIS implementation.

Another conclusion is that time-space concepts applied in GIS can provide 
understanding and integration of knowledge if spatial data from many 
disciplinary fields are brought together. A factor analysis f.e. is rarely successful 
in discriminating relevant factors, when the problems of different 
representations, logical levels of phenomena and time perspectives are involved. 
Also within the discipline of Geography several approaches have to be adjusted. 
The concept of region itself might be changed towards a more inductive 
approach by the fast and easy method of reclassifying the properties in an area
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with GIS (Münier 1993). It will be possible to change the borders of functional 
regions in a flexible way, according to changing requirements. As an example, 
the catchment regions in forestry, defining the areas that deliver raw material to 
sawmills and pulp mills, must today be modified every week. This is due to the 
rapid changes in market demand, as well as the possibilities of transporting 
timber with available roads and transport vehicles.

This thesis shoves that many physical and social determinants of development 
can be compared and included in georeferenced models. This is evidently not 
a problem-free approach. Contemporary development efforts stresses the fact 
that maps are subjective products with a high rhetoric content. The so-called 
neo-positivistic trends in geography and cartography will face criticism here 
from humanists and realist/structuralists in geography (Waters 1989). Questions 
about relevance, coherence and insight will be central in the creation of 
combined models and GIS offer tools to compare different approaches and 
means of explanation in the same information system. Article (V) was written 
for demonstrating and testing such abilities. This is also a step in involving more 
"soft paradigms" into GIS, where the observable world and the result of ideas 
can be compared with mental maps and images. In this way, the classical 
"where" question - maps have addressed might evolve into answers to questions 
such as "why", "when" and "by whom".

The case studies presented include elements from different fields of research in 
order to investigate to what extent GIS can be used as integrative tools for 
handling models for interdisciplinary analysis. Studies concerning environmental 
questions can be made faster and with better methods. Several old theories can 
be challenged since region-wide tests of a hypothesis made in GIS can show 
different spatial distributions of a phenomena. In a recent study (Strid & 
Sivertun 1992) the spatial distribution of historical place-names was used to 
define the agrarian expansion on different soil types. By help of GIS it is 
possible to simulate different alternative developments or hypotheses and 
compare time series of landscape descriptions.

Findings

In summary, the models developed in the included articles provide the following 
observations in relation to the questions and propositions raised in the outset of 
the thesis;

A) The distributed nonpoint source model can embrace calculates the physical 
circumstances in greater detail for smaller pieces of land compared to tradi
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tional methods (I-VI). When generalising models for whole river basins it 
is difficult to recalculate the result according to new knowledge about the 
area or new scientific questions by help of methods without GIS. The new 
approach presented here provide high predictability for distributed 
phenomena such as nonpoint source pollutants. The "distributed model" 
approach provides many advantages, is suitable for planning and 
management of land and water resources and is a challenge in it self.

B) The models are applied in a planning context demanding predictions about 
the impact of changed land use, help in suggesting countermeasures and 
also evaluation of these actions (I-VI). The distributed model approach 
provides decision support for each piece of land investigated, instead of just 
a generalised picture regarding a watershed. The model is divided in 
separate layers, together classifying land parcel, making the régionalisation 
flexible and possible to change when needed. New knowledge derived from 
research in traditional fields or the discovery of new areas of concern can 
easily be integrated in the models. This requires development of a flexible 
coding scheme for the database to allow new classifications and new 
concepts. This is a field of research seldom recognised in the national 
research programs.

C) The hydrological GIS models combines models of single fields and whole 
drainage basins, the traditional spatial scales for such studies (II-IH). The 
data sources have different geometric resolution from ca 10 - 500 m 
accuracy. The geometric scale in output is in a grid in 50x50 m in (II) and 
125x125 m in (EI,IV). This resolution should be compared with traditional 
reports provided for whole river basins or as general index figures for 
certain types of land. For physical planning purposes, in the municipality 
environment including local health protection, a spatial resolution of ca 1 
hectare provides reasonable accuracy. If data are exact enough, they can 
also be used by the landowner in allocation of resources. Management, 
however, often require even higher geometric precision. Data capture and 
models have to be adopted to such applications in order to become useful 
for forest and land owners.

D) The thematic and geometric scale is enhanced in the studies by using 
several independent factors and combining their joint impact, instead of 
using one key factor. Different aspects of environment in a given area can 
be operationalised as dimensions (I-VI). In the studies it was possible to 
combine digital maps from research fields like hydrology, geology and 
human geography with remote sensing thereby adding enhanced information
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and facilitate fast data acquisition. Remote sensing is cost effective since 
land use data are easily and precisely obtained. Land use shifts significantly 
from year to year. Therefore normal mapping procedures are not sufficient. 
Remote sensing data can be stored in a "raw" digital form that can be 
processed to fit several purposes. In the studies it has also been possible to 
combine statistics of run off, water-quality, land use and field measurements 
for analysis and calibration. Field measurements are very expensive, but 
combined with a GIS with a whole satellite image scene a smaller number 
of measures is sufficient.

E) A historical geographical perspective have been added to water related 
studies and studies concerning agricultural drainage and land use. Because 
it is possible to compare different time layers in a GIS, it is also possible 
to make detailed spatio-temporal comparisons (IV-VI). In addition it's 
possible to obtain a picture of the total change in land use and analyse the 
areas affected by the change. The spatial pattem of settlement development 
and it's supposed connection to development of agricultural techniques is 
also possible to analyse with GIS (V).

F) What is the significance of GIS for the integrating of disciplinary 
perspectives and functional systems (I-VI)? A conclusion is that GIS can 
serve as an instrument for a more complete understanding of both the chess 
board (the landscape or physical geography) and the game played on it (the 
social system). GIS provides a bridge, not only between disciplines, but also 
between the siblings in the geographical family.

G) A method for analysis and visualisation of spatio-temporal processes is 
presented in (V,VI). By help of "hyperpixels", clusters of values 
representing different variables can be projected into a three dimensional 
colour space. This method was developed during the work with this thesis.

H) The implications for visual communication by means of GIS is discussed 
in (VI). There are several problems in communication between different GIS 
users. It is suggested that the (digital) map, could be developed to a 
platform for interdisciplinary studies and communication between different 
scientific ’cultures’. The prospects seems to be promising. More remains to 
be done to improve the ability to visually communicate geographic 
information. This is a cmcial part in the future development of GIS.
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Conclusion and future developments

The different aspects or disciplinary perspectives, expressed as dimensions, are 
shown to be possible to analyse and visualise together by means of GIS (IV, V). 
It is also demonstrated that perspectives from different levels of explanation can 
be used together. It is possible to integrate both quantitative and qualitative data 
in the same explanatory model. The usefulness of GIS analysis and 
communication of multidimensional and multi-disciplinary data is demonstrated.

The main hypothesis in this work is that several natural, technical and social 
systems sharing a time-space can be compared and analysed in a GIS. The first 
aim was to combine a broad scattering of human competence together to assist 
in solving problems concerning the use of water and other natural resources.

Regarding the first aim it is shown that geographic information mediated by 
maps and formalised in Geographical Information Systems (GIS) could serve as 
an integrating tool between disciplines and give us a better understanding of the 
processes involved. The possibilities to foresee conflicts between interests and 
ecological limits is promoted by the potential in GIS to integrate the study of 
several functional systems. The GIS technique also offers an ability to assist in 
choosing countermeasures and provide the possibility to monitor the result of 
different programs. Furthermore, GIS can contribute to achieve a more relevant 
picture of driving forces and consequences of the interaction between man and 
the environment, thereby improving our understanding of the systems involved.

By implementing methods and models in GIS in this study a spatial component 
was added and it was possible to analyse distributed phenomena over large 
regions. A conclusion is that the problem formulation should be based on a 
geographical approach that uses several data-sources, integrates different 
disciplinary perspectives and preferably also includes several steps of the actual 
implementation process. In this way a GIS model approach gives extended 
knowledge about the involved systems, even if the preliminary aim is restricted 
to the results of, for example, an impact calculation.

The second aim in this thesis concerns the requirement that models should be 
comparable and possible to include in other models and that they can be com
municated to planners, politicians and the public. For this reason the possibilities 
to communicate the result and model components of multidimensional and 
multi-disciplinary data were investigated. The expectation is that GIS can 
contribute in combining data and knowledge from models of aquatic systems, 
soil systems, technical systems and social systems. It was possible to combine
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processes of different geographic and thematic scale, analyse the combined 
effects of different polluting processes and to some extent reformulate problems, 
sources and goals. We are often restrained by our inability to handle more than 
one perspective at a time, as for a pure physical geographical or human 
geographical perspective. Here a method to combine and present different 
perspectives in the same model is suggested.

At the outset of this thesis the focus was very much on the technical part of 
GIS. During the work the limitations in available GIS and digital maps become 
obvious. These limitations originate from the limitations in some GIS 
approaches and in the diverse conceptual and data models that available maps 
are based on. The possibility to compare and combine different perspectives is 
one of the analytic potentials of GIS. The nontechnical problems in the 
organisation of interdisciplinary work with GIS was underestimated. Available 
models and concepts did also restrain the work. The introduction of new 
methods, such as distributed models in hydrological and environmental 
monitoring and new tasks, such as implementations of multidimensional 
techniques, however, turn GIS into an important tool for research and 
development.
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