
Evaluation of environmental functions as a tool in 

planning, management and decision-making 

'•'J>".ro-f McJi-C,el' 
'fifcJ-xA-

Rudolf S. de Groot 



Rudolf Steven de Groot 

EVALUATION OF ENVIRONMENTAL FUNCTIONS AS A TOOL IN 

PLANNING, MANAGEMENT AND DECISION-MAKING 

Proefschrift 
ter verkrijging van de graad van doctor 
in de landbouw- en milieuwetenschappen 
op gezag van de rector magnificus, 
dr. C.M. Karssen, 
in het openbaar te verdedigen 
op vrijdag 30 september 1994 
des namiddags te vier uur in de Aula 
van de Landbouwuniversiteit te Wageningen. 



S t e l l i n g e n 

Stellingen behorende bij het proefschrift van Rudolf S. de Groot: 
"Evaluation of Environmental Functions as a Tool in Planning, Management and 
Decision making" 
Wageningen, .30 september 1994 

1. Bij de afweging van de vele belangen die een rol spelen bij de 
besluitvorming rond economische ontwikkeling en ruimtelijke ordening 
wordt het (economisch) belang van natuurlijke ecosystemen nog steeds 
onderschat. 

2. Verandering in een bepaalde milieu-eigenschap (bijv. luchtkwaliteit) heeft 
vaak ingrijpende, en deels nog onbegrepen, consequenties voor het 
functioneren van hele ecosystemen. Voor het inzichtelijk maken van de 
vele terugkoppelingsmechanismen in de natuur is functie-analyse een 
nuttig hulpmiddel en onderstreept het belang van systeem-ecologisch 
onderzoek. 

3. De jaarlijkse baten (monetair en anderszins) van de functies van een 
ecosysteem of natuurgebied zouden gezien moeten worden als de "rente" 
op dit "natuurlijk kapitaal"; kennis over de ecologische én economisch 
waarde van het natuurlijk kapitaal kan derhalve een nieuwe invulling geven 
aan het begrip "goed rentmeesterschap". 

4. 'Natuurbehoud is zelfbehoud' is geen originele, maar wel een juiste stelling. 

5. De "externe" kosten van bijv. bespoten groeten en fruit, verbranding van 
fossiele brandstoffen en kernenergie, worden nu uit algemene 
belastingmiddelen betaald. Dit is een verkapte subsidie op verspilling van 
natuurlijke hulpbronnen en aantasting van een gezond leefmilieu die zo 
snel mogelijk moet worden afgeschaft. 

6. "Pas als het zo wordt, dat de kippigheid echt toeslaat en het belang van 
de dingen wordt gezien als een functie van hun nabijheid, gaat het echt de 
verkeerde kant op.." [H. Mullisch, 1992] 
Deze uitspraak verwoord op treffende wijze de kern van vele 
milieuproblemen. 

7. Indien het "vervuiler-betaalt-principe" consequent wordt doorgevoerd, in 
combinatie met een verschuiving van de belastingdruk van arbeid naar 
gebruik van milieufuncties, zal milieu-onvriendelijk handelen zich vanzelf 
"uit de markt" prijzen. 



8. Het steeds luider wordende geweeklaag van de industrie (en sommige 
politici) dat de "milieukosten" te hoog zouden worden is volstrekt onterecht: 
we zijn slechts bezig een bescheiden begin te maken met de aflossing van 
de reeds ontstane milieu-schuld, voor zover dit nog mogelijk is. 

9. Door de hardnekkigheid waarmee veel mensen volharden in voor henzelf 
vermijdbaar schadelijk gedrag (zoals roken en gevaarlijk auto rijden), mag 
betwijfeld worden of voorlichting en regelgeving alléén ooit voldoende zal 
zijn om de negatieve gevolgen van irrationeel handelen, ook t.a.v. het 
milieu, tot een aanvaardbaar nivo terug te dringen. Het consequent 
doorberekenen van alle milieu, sociale en economische kosten in het prijs-
en belastingstelsel is derhalve een essentiële aanvulling. 

10. Om vast te stellen of een economie zich duurzaam ontwikkelt moeten 
milieukosten (en -baten) veel nadrukkelijker in het BNP opgenomen 
worden. Dan zal blijken dat het netto-effect van traditionele economische 
groei op de welvaart sterk overschat wordt, en soms zelfs negatief is. 

11. Als alle kosten en baten meegerekend worden zal blijken dat de meeste 
guldens die in milieubeleid en natuurbehoud geïnvesteerd worden 
minstens een daalder waard zijn. 

12. " In N. Amerika is geconstateerd dat de huidige generatie studenten 
merkbaar minder goed in staat is zich te concentreren dan 20 jaar 
geleden; de invloed van de media (vooral TV) wordt daar voor een groot 
deel schuldig aan geacht. Studenten zouden erover kunnen denken 
schadevergoeding te verlangen voor de hierdoor veroorzaakte slechtere 
studie resultaten. 

13. Het getuigt van onverantwoord optimisme om te veronderstellen dat de 
jaarlijkse uitstoot van enorme hoeveelheden chemische stoffen in het 
milieu waarschijnlijk geen invloed zal hebben op het klimaat. 

[reactie op diverse uitspraken in de pers van Prof. C. Böttcher] 

14. Beter 10 zwaluwen in de lucht dan 1 in de hand. 

"We hebben de aarde niet geërfd van onze ouders 
maar geleend van onze kinderen" 

[naar een oud-chinees gezegde] 
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ABSTRACT 

Although there is a growing awareness about the many benefits of natural 
ecosystems, concrete information on their full economic value is still scarce. 
This thesis provides a comprehensive method whereby all functions and values 
of natural and semi-natural ecosystems can be assessed and evaluated in a 
systematic manner. A checklist of 37 environmental functions is given wi th 
examples of the functions and socio-economics value of three major types of 
ecosystems: tropical moist forests (based on a case study of the Darien National 
Park, a pre-montane rainforest on the border between Panama and Colombia), 
wetlands (based on a case study of the Dutch Wadden Sea) and an oceanic, 
volcanic island ecosystem: the Galapagos National Park (Ecuador). 
In order to achieve the conservation and sustainable utilization of nature and 
natural resources, better information on the (economic) importance of natural 
areas alone, however, is not enough. Unless ecological information is 
structurally integrated in economic planning and decision-making, solving 
environmental problems will prove difficult, if not impossible. In the last section 
of this thesis, the use of the function-concept as a tool in planning, 
management and decision-making is therefore discussed in detail, including the 
application in project-evaluation, in environmental (or ecological) economics, in 
environmental law, and in environmental education. 

Key words: environmental functions, nature valuation, conservation evaluation, 
ecological economics, assessment, planning and management 
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PREFACE 

One of the main reasons for the still continuing degradation and loss of natural 
ecosystems is the fact that the importance of nature and a healthy natural 
environment to human welfare is still not fully reflected in economic planning 
and decision-making. This undervaluation of nature leads to over-exploitation of 
resources and excessive use of the natural environment as a receptor of human 
waste. Gradually it is becoming clear, however, that the so-called "external 
effects" of the economic production process are not as external as we would 
like them to be and the effects of non-sustainable development in the past are 
costing us billions of dollars today in repairing, neutralising or limiting the 
damage to the environment and human health, in so far as this is possible. The 
global scale of these environmental problems is now threatening the integrity 
and functioning of the entire biosphere: the thin layer of soil, water and air 
surrounding the earth in which life exists naturally. 
To steer the economic development process into a more sustainable direction,1 

environmental considerations should be integrated more structurally in planning;; 
and decision-making. By providing a method for assessing the many functions! 
and socio-economic values of the natural environment in a systematic and 
objective manner, it is hoped that this thesis can contribute to this difficult task,] 

The idea for the research underlying this thesis was inspired by a two-year stay 
in the Galapagos Islands, Ecuador (from 1978-1980), where I was confronted 
with the practical problems involved in trying to bring economic use of nature in 
harmony with environmental constraints. The carrying capacity of these islands 
for habitation, agriculture and tourism in combination with the maintenance of 
their important conservation value is limited. Although this is generally 
recognised and, compared to many other places, Galapagos is still in a rather 
pristine state, there is a "natural" tendency to let development take its own 
course which usually leads to over-exploitation of nature and natural resources. 
The problem is to convince local (and national) decision-makers to limit human 
activities to the natural carrying capacity of these islands. That usually means 
that they will have to forego the short-term profits that could be made with 
maximising the use of a few functions (notably tourism and fishery) for the sake 
of safeguarding the future benefits of all functions of these islands. To give 
nature more "weight" in the decision-making process, not only in Galapagos but 
also elsewhere, I felt it would help if it could be demonstrated that conservation 
and sustainable use of nature and natural resources is not only ecologically 
important but also economically sound. 

After my return to the Netherlands in 1980, I came across the work of the 
Institute for Environmental Studies (IvM) of the Free University Amsterdam on 
"ecological and economic analysis of nature", carried out by van der Ploeg, an 
ecologist, and Bouma, an economist, between 1971 and 1975. The initiative for 
this research project came from Ir. Maas Wagenaar Hummelinck, then chairman 
of the Dutch World Wildlife Fund, who established a working group "Evaluation 
of Nature" in 1969 consisting of biologists, economists and conservationists. 
The final report of this study (Braat et al., 1979) was transformed into a more 



popular publication by W. van Dieren & M.G.W. Hummelinck entitled "Nature's 
Price, the economics of Mother Earth" (1979). 
Besides "Nature's Price" and the IvM-reports, two other publications were a 
particular source of inspiration for my own work namely the "General Ecological 
Model" of Van der Maarel & Dauvellier (1978) and the thesis by Dr. Roefie 
Hueting ("New Scarcety and Economic Growth", 1980). 
During my research I became acquainted with the work of many other people 
working on the interface between ecology and economics, and more detailed 
acknowledgements of other sources and personal contacts are given in the 
preface of part A of this thesis (see further). 

Based on these personal contacts, literature research and original ideas, I 
approached Prof. Claus Stortenbeker in 1981 (then Head of the Nature 
Conservation Dept. of the Agricultural University Wageningen) w i th the idea to 
develop a so-called 'function-evaluation system' for assessing the functions and 
values of National parks and other protected areas. During our ensuing 
discussions, it was decided to attempt to develop an evaluation system which 
should be able to assess all functions and values that can possibly be attributed 
to the natural environment in a comprehensive and systematic manner 
The practical application of this function-evaluation system was tested on 
various case studies including the Dutch part of the Wadden Sea, the National 
Park De Hoge Veluwe" (the Netherlands), the Darien National Park, a pre-
montane tropical moist forest between Panama and Colombia, and the 
Galapagos Islands, Ecuador. 

The results of these case studies, and an extensive description of the evaluation 
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During the last stages of finalising this thesis, this dialogue was deepened 
further in the discussions with my promotors Claus Stortenbeker (emeritus 
Professor in Nature Conservation) and Henk Folmer (Professor in economics). 
Although they were not always easy, I enjoyed these "sessions" very much and 
hope our talks may serve as an example of the constructive dialogue between 
economists and ecologists referred to above. 
I also hope my thesis can help to stimulate the general debate on how to 
structurally incorporate ecological information in planning, management and 
decision-making in order to achieve a more sustainable relationship between 
human society and the natural environment. 
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INTRODUCTION 

Problem statement and aims of this thesis 

) In spite of the growing awareness of the many environmental problems that we 
; face today, degradation and pollution of the natural environment by human 
activities still continues on a large scale. The negative impact of the combined 
effects of many small- and large-scale land use decisions on the natural 
environment has become clearly visible and may be illustrated wi th a long list of 
environmental hazards and disasters, including desertification, soil erosion, loss 
of cropland, pollution of air, water and soil, deforestation, habitat destruction 
and extinction of species and varieties. In order to achieve the conservation and 
sustainable utilization of nature and natural resources, the "full value" of natural 
ecosystems, and the wildlife within them, should be better represented in land 
use planning and decision-making instruments. An important obstacle to the 
inclusion of environmental concerns in planning and decision-making is the 
translation of ecological data into useful information for planners and decision­
makers. What is most lacking is. a simple but effective method for planners and 
decision-makers to decide on the best alternative use of "environmental 
space"1, including natural areas and the option to conserve these in their 
natural state. 

(Current application of evaluation methods in decision-making, such as 
environmental impact assessment, cost-benefit and cost-effectiveness analysis, 

p inadequately reflect the true environmental and socio-economic value of natural 
ecosystems and the goods and services they provide. The traditional v iew has 

ioften been that natural ecosystems are unproductive areas whose benefits can 
'only be realized by conversion to some other use. As a result, many natural 
areas have been altered to serve other purposes simply because their value to 
society cannot be adequately demonstrated and because traditional evaluation 
methodologies automatically favour short-term, "high-value" uses of the land (in 
the narrow economic sense, such as cultivation, real estate development, etc.). 
These decisions were often based on incomplete information, and one of the 
main objectives of this thesis is, therefore, to contribute to the development of 
methods which translate environmental data into useful information for 
environmental planning and decision-making in a more objective and systematic 
way. 

Structure and outline of this thesis 

This thesis consists of two main parts: The basis of this thesis is formed by the 
book "Functions of Nature" (Part A) which gives a detailed description of the 
function-evaluation method developed in this thesis, including a checklist and 
description of 37 environmental functions, a description of socio-economic 
valuation methods, and a summary of the results of three case studies which 

See for example Siebert (1981) and Opschoor (1987) for the definition and use of the concept of 
"environmental space". 
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were carried out to test the method in practice. Part B of this thesis deals w i th 
a critical discussion of the proposed function-evaluationsystem.2 

The discussion consists of two methodological chapters on issues related to 
ecological assessment of environmental functions (chapter B-2) and their socio­
economic valuation (B-3). Opportunités and obstacles related to the practical 
application of the proposed function-evaluation system are discussed in chapter 
B-4. The various steps in the evaluation-procedure proposed by this thesis can 
be visualised as follows (a more detailed description of the funct ion-
evaluationmethod is given in chapter B-1): 

Natural environment -(1)-> environmental functions -(2)-> socio-economic values -(3)-> human needs. 

In this " f low diagram", the complexity of the subject matter or study object is 
subsequently reduced: the almost limitless ecological complexity of natural3 

processes and components (e.g. species and abiotic elements) is reduced to 37 
environmental functions (chapter B-2). The importance of these functions to 
human welfare can roughly be divided into 6 main types of socio-economic 
values (chapter B-3). These values, in turn, relate to the satisfaction of human 
needs whereby the preference for the availability of environmental functions is 
expressed in planning and decision-making procedures (chapter B-4). The 
various steps in the evaluation procedure, and their relation to the chapters in 
this thesis, are briefly summarised below. 

(1) Translation of natural properties into functions 
The ecological assessment (chapters B-2/A-2) is entirely based on the 

concept of environmental functions which is defined as ' the capacity of natural 
processes and components to provide goods and services that contribute to 
human welfare, directly and indirectly' (de Groot, 1987). From this definit ion, it 
is clear that this thesis is wri t ten from an antrpppcenttic perspective: only those 
functions are taken into account that contribute to satisfying human needs. 
However, since man is seen in this thesis as being an integral part of the 
biosphere, maintenance of environmental quality is considered to be an essential 
human need. Environmental quality, in turn, is interpreted to include not only 
"clean" air, water and soil but also maintenance and enhancement of the 
integrity of natural ecosystems and biodiversity on earth. 
In chapter B-1, a checklist of 37 environmental functions, divided into 4 
function-groups, is given. With this checklist, it should be possible to describe 
all benefits of the natural environment to human society in a comprehensive 
manner. Although the emphasis in this thesis is on those functions which are 
provided by natural ecosystems (i.e. wild plants and animals), the approach can 

2 To avoid confusion when referring to a given chapter in this thesis, chapter-numbers are preceded by an A 
(for the book) or B (the discussion) 

3 The term nature (or natural environment) is used in this thesis for all those processes and components in 
our environment which are spontaneously formed and not, or minimally, influenced by man. The natural world consists 
of both biotic (living) and abiotic (non-living) components and all the interactions between these components. 
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also be applied to assess and evaluate the environmental functions of semi-
natural or cultivated landscapes. 

Several issues concerning ecological assessment of. environmental functions are 
discussed in chapter B-2, including the relation between functions and 
environmental characteristics, the problem of scale and classification of envi­
ronmental functions, the ranking order and completeness of the function l ist, 
and the problem of determining sustainable use levels of environmental 
functions and competition between function use. 

(2) Socio-economic valuation of environmental functions 
Once environmental functions have been identified and their (sustainable) use 

level have been estimated, the next step is to assess their importance to human 
society (chapters B-3/A-3). The importance (or use) of any good or service, 
either man-made or natural, can be derived from a large number of values 
attached to them by man. These values not only relate to the direct use of 
natural resources to the economic production process, but also to less tangible 
values such as the preference for a safe future (bequest value) and intrinsic 
values that many people attach to nature and wildlife. In chapter B-3.1, a brief 
discussion is devoted to these values and their relation to the various function-
categories. 

A further step in the evaluation procedure is represented by attempts to 
measure human preferences for a given function by quantifying these values in 
monetary terms (B-3.2). For some functions and types of values this is relatively 
simple and can be directly related to market prices. For other functions, more or 
less complicated shadow-pricing techniques are necessary to arrive at a 
monetary value. Since monetary valuation of environmental functions is a 
diff icult and somewhat controversial procedure, an important part of the 
discussion in this section is devoted to two questions: (a) should nature be 
quantified in economic/monetary terms (on benefits, drawbacks and ethical 
considerations) and (b) can nature be quantified in monetary terms. Chapter B-3 
closes wi th a discussion of two more technical problems namely the issues of 
double-counting (B-3.3) and discounting (B-3.4). 

(3) Application of function-evaluation in planning and decision-making 
The last part of this thesis (B-4) is devoted to a discussion of the more 

general application possibilities of function-evaluation as a tool in environmental 
planning, management and decision-making. Some main issues thereby are: 
- the use of function evaluation in planning instruments such as carrying 
capacity studies and environmental impact assessment. Economic and monetary 
information on environmental functions provides important information which 
gives nature a more correct "weight" in decision-making instruments and project 
evaluation techniques such as cost-benefit analysis and multi-criteria analysis 
(section B-4.1); 
- the use of environmental functions as a unifying concept for ecology and 
economics (section B-4.2). It is argued that the function-concept can provide a 
"bridge" between ecology and economics since environmental functions (goods 
and services) by definition contribute to satisfying human needs based on 
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maintenance of the natural resource base. It can therefore be of use to various 
aspects in the developing field of "ecological or environmental economics", 
including ecological pricing and taxes, and adjustment of national accounting 
procedures. 
- information on environmental functions can also prove useful for the 
development of legal instruments to implement the "polluter-pays-principle" 
(section B-4.3) and general environmental education purposes (B-4.4). 
- the last section (B-4.5) discusses possibilities to use the function-concept for 
measuring progress towards achieving "sustainable development". The 
availability of environmental functions could serve as common indicator for 
measuring the compatibility between human activities and environmental con­
straints. 
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Part B 

EVALUATION OF ENVIRONMENTAL FUNCTIONS: 

A CRITICAL DISCUSSION 



B-1 FUNCTION-EVALUATION: 
THIS THESIS (summary) 

THE METHOD AND CONCEPTS USED IN 

To analyse the ecological and socio-economic implications of the most 
important functional interrelations between man and the natural environment in 
an objective and systematic manner a simplified man-environment model was 
used (see Figure B1-1). 

Figure B1-1. Functional interactions between man and nature 

Natural goods and services (+)1 -> 

Natural hazards and risks (-) 

NATURAL 
PROCESSES 

AND 
COMPONENTS 

7K 

< : 
FUNCTIONAL 

INTERRELATIONS ? 
HUMAN 
NEEDS 
AND 

ACTIVITIES 

Man made hazards and risks (-) 

<- Man made goods and services (+)4 

The functional interactions between the natural environment and human society have both positive ( + ) 
and negative (-) aspects and can be divided into four types of interactions: 1) environmental function 
evaluation, 2) environmental risk assessment, 3) environmental impact assessment, 4) environmental 
management evaluation (for explanation, see text). 

The most relevant functional interrelations between man and the natural 
environment (the central arrow in figure B1-1) may be elaborated into 4 
different assessment techniques: (1) Environmental Function Evaluation, which 
deals wi th an assessment of the goods and services provided by natural and 
semi-natural environments (e.g. resources/raw materials, energy, recycling of 
waste, opportunities for recreation, etc.), (2) Environmental Risk Assessment, 
which involves an assessment of the hazards imposed on human society by 
natural and semi-natural processes (e.g. drought, storms, f loods, earthquakes, 
volcanic eruptions, etc.), (3) Environmental Impact Assessment makes an 
analysis of the physical, chemical and biological impact of human activities on 
the natural and semi-natural environment, and (4) Environmental Management 
Evaluation, which assesses the effects of management measures intended to 
maintain and/or restore natural processes and components (e.g. anti-pollution 
measures, environmental rehabilitation, sustainable management techniques, 
etc.). 

This thesis only deals with an elaboration of the first assessment technique 
(environmental function evaluation) while its use as a tool for environmental 
impact assessment and environmental management evaluation is also discussed 
(chapter B-4). Environmental Risk Assessment is not explicitly dealt w i th , 
although over- or non-sustainable use of environmental functions often leads to 
environmental hazards and risks. When appropriate, reference is made to this 
potential extension of the function-approach. 
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In this thesis, environmental functions are defined as: "the capacity of natural 
processes and components to provide goods and services that satisfy human 
needs (directly and/or indirectly)" (de Groot, 1987). 
Several terms in this definition need further explanation: 
- "naturalprocesses and components" refer to the biotic and abiotic charac­

teristics of the natural environment, which can be divided into several elements 
or sub-systems like bedrock, atmosphere and climate, relief, water, soil, 
vegetation, flora and fauna, and the many interactions within and between 
these sub-systems, such as biogeochemical cycles and life community 
interactions (e.g. food-chains). Natural processes and components can be 
grouped into spatial units such as ecosystems or landscapes, which form the 
main subject-matter of this thesis (see chapter B-2.1. for further discussion); 

- the use of the terms "goods and services" indicates that the concept of 
environmental functions includes not only the harvestable goods (i.e. natural 
resources in the traditional, more narrow sense) but also refers to other 
benefits of natural processes (i.e. the services), such as the capacity to recycle 
certain types of human waste; 

- the "capacity" of natural ecosystems to provide goods and services depends 
on the degree to which these functions can be utilised by man in a sustainable 
manner. The level of sustainable use should be determined for each function 
individually (e.g. the maximum sustainable harvest of biological resources) as 
well as for combinations of function use (see chapter B-2.7 for further 
discussion); 

- "human needs", f inally, should be defined in the broadest sense possible, i.e. 
not limited to material prosperity provided by marketable goods and services, 
but also including physical and mental health and the prospect of a safe future. 

To develop a complete checklist of environmental functions, and to investigate 
which environmental characteristics can be used as parameters to assess the 
capacity of natural ecosystems to provide environmental functions, several 
case-studies were carried out on various ecosystem complexes. A summary of 
the results of three case studies, and a description of 65 environmental 
parameters, is given in part A of this thesis, including the functions and values 
of tropical moist forests (partly based on a case study of the Darien National 
Park in Panama, a subtropical pre-montane rainforest), a case study of the 
Dutch part of the Wadden Sea (an estuarine environment) and a case study of 
the Galapagos National Park (Ecuador), a volcanic, oceanic island ecosystem, 
including 4 .300 km2 of coastal and marine protected area. 

In total , 37 separate functions are distinguished in this thesis (Fig. B1-2) which 
are grouped into four main function categories: (1) Regulation functions: this 
group of functions relates to the capacity of natural and semi-natural 
ecosystems to regulate essential ecological processes and life support systems 
which, in turn, contributes to the maintenance of a healthy environment by 
providing clean air, water and soil. (2) Carrier functions: natural and semi-natural 
ecosystems provide space and a suitable substrate or medium for many human 
activities such as habitation, cultivation and recreation. (3) Production 
functions: nature provides many resources, ranging from food and raw materials 
for industrial use to energy resources and genetic material. (4) Information 
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functions: natural ecosystems contribute to the maintenance of mental health 
by providing opportunities for reflection, spiritual enrichment, cognitive 
development and aesthetic experience. Other categories and ranking-orders are 
possible, and a discussion is devoted to this issue in chapters B-2.4 and B-2.5. 

F ig r B1-2 FUNCTIONS OF THE NATURAL ENVIRONMENT 

1 ) REGULATION FUNCTIONS (maintenance of essential ecological processes) 
1. Protection against harmful cosmic influences 
2. Regulation of the local and global energy balance 
3. Regulation of the chemical composition of the atmosphere 
4. Regulation of the chemical composition of the oceans 
5. Regulation of the local and global climate (incl. the hydrological cycle) 
6. Regulation of runoff and flood-prevention (watershed protection) 
7. Watercatchment and groundwater-recharge 
8. Prevention of soil erosion and sediment control 
9. Formation of topsoil and maintenance of soil-fertility 
10. Fixation of solar energy and biomass production 
1 1 . Storage and recycling of organic matter 
12. Storage and recycling of nutrients 
13. Storage and recycling of human waste 
14. Regulation of biological control mechanisms 
15. Maintenance of migration and nursery habitats 
16. Maintenance of biological (and genetic) diversity 

2) CARRIER FUNCTIONS (providing space and a suitable substrate for.) 
1. Human habitation and (indigenous) settlements 
2. Cultivation (crop growing, animal husbandry, aquaculture) 
3. Energy conversion 
4. Recreation and tourism 
5. Nature protection 

3) PRODUCTION FUNCTIONS (providing natural resources) 
1. Oxygen 
2. Water (for drinking, irrigation, industry, etc.) 
3. Food and nutritious drinks 
4 . Genetic resources 
5. Medicinal resources 
6. Raw materials for clothing and household fabrics 
7. Raw materials for building, construction and industrial use 
8. Biochemicals (other than fuel and medicins) 
9. Fuel and energy 
10. Fodder and fertilizer 
11 . Ornamental resources 

4) INFORMATION FUNCTIONS (providing opportunités for cognitive development) 
1. Aesthetic information 
2. Spiritual and religious information 
3. Historic information (heritage value) 
4. Cultural and artistic inspiration 
5. Scientific and educational information 
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Some methodological aspects of assessing and evaluating the capacity of 
nature to provide environmental functions are discussed in further detail in 
chapters B-2 and B-3. The terms "assessment" and "evaluation" are often used 
and interpreted differently, depending on the subject and aim of the assessment 
or evaluation. To avoid confusion, a brief description of these terms is given 
here: 
- assessments are usually restricted to making an inventory of the ecological 
characteristics of a certain ecosystem or natural area in a (relatively) objective 
manner. Such assessments may be carried out under different names such as 
resource-mapping and landscape ecological studies or inventarisations. A wel l-
known extension is represented by the term "environmental impact 
assessment", which aims to describe the possible effects of human activities on 
environmental characteristics; 
- evaluations aim to appraise and find numerical expressions for certain 
ecological characteristics. The term "evaluation" thus by definition includes 
value judgements, which may range from assessing the conservation value 
(mainly based on rarity) of certain species or ecosystems to priority ranking of 
natural areas, based on the thought that some ecosystem characteristics are 
more important or interesting than others. 

The term "assessment" is used in the title of chapter B-2 because this first part 
of the proposed function-evaluation method aims to give an objective checklist 
of environmental functions based on environmental parameters that describe the 
capacity of a given area or ecosystem to provide these functions. It is only in 
the second phase of the evaluation procedure (chapter B-3) that value 
judgements are made wi th respect to the importance of these functions to 
human society. 
For both assessments and evaluations the use of some kind of "value-standard" 
or measuring unit is necessary. In this thesis, the word "parameter" is used for 
assessments since it is defined as "a quantity constant in the case considered, 
but varying in different cases" (another definition reads: "measurable or 
quantifiable characteristic or feature")4. The word "criterion" is used in 
combination w i th evaluations since it is defined as a "principle or standard that 
a thing is judged by" . 

Finally, a word about the use of the terms "ecology" and "environment": 
- the word ecology is derived from the greek oikos, meaning "house" or "place 
to l ive". Literally, ecology is the study of organisms "at home". Usually, ecology 
is defined as the study of the relation of organisms or groups of organisms to 
their environment, or the science of the inter-relations between living organisms 
(plants, animals and microorganisms) and their non-living environment. Another 
definition of ecology reads "the study of the structure and functioning of nature, 
it being understood that mankind is a part of nature". 

4 A more extensive glossary, with references to sources of certain definitions, is included in part A of tlu>> 
thesis. 
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