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Introduction

by M.G. Wagenaar Hummelinck

Prince Bernard concludes his foreword by expressing the wish that every-
body involved with our natural environment will use this book. This
sentence raises an interesting problem which is not immediately obvious.
The book is a contribution to a new and rapidly-developing discipline,
derived from ecology and economics. This means that some parts require
rather detailed explanation, so that at first sight it may appear to be a
complicated text-book intended for readers having specialised knowledge
and experience of environment and conservation issues. In fact, the con-
trary is the case.

The system of evaluation discussed here is intended to shorten the process
of making these new theories on estimating the socio-economic value of
nature and wildlife accessible to all those who can apply them in practice.
The time-saving which can result from this is very valuable. As things are
now, the viability of our planet is decreasing at an alarming rate in conse-
quence of human interference with the natural environment. Clearly, this
can be reduced to a number of specific causes: the rapid increase in the
birth-rate, the excessive per capita energy consumption, loss of natural
resources and arable ground, worldwide climatic changes, and so on. One
very important cause is that we continue to destroy such wild nature as
still survives; we destroy it from ignorance or even indifference, failing to
realise that all those other living organisms are essential to our own survi-
val. We shall have to develop a new rationale so as to be able to make
sensible decisions when wildlife conservation competes with other human
objectives. ,

To deal with such urgent problems, we need to be able to express in
current economic terms - if possible in actual cash - the value of an
‘ecosystem’, that is, the total interdependent group of plants and animals
living in their natural state in a given geographic location. In this way, we
know what it is costing us when some human undertaking changes or
destroys parts of the natural environment,

Initially, real nature-lovers displayed little enthusiasm for the idea of
quantifying nature in economic terms. This attitude reflects to a large
extent their aversion from the fact that in their opinion nature is thereby
reduced to the status of a commercial commodity. They regard such calcu-
lations as both futile and ethically questionable. Whilst this reaction is
understandable it should not be overlooked that the immaterial values of
nature become most clearly apparent through this very process of identi-
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fying and distingnishing her separate and specific functions. And certainly,
the process cannot diminish those intrinsic values which are, in any case,
beyond the scope of human computation. Another objection is that descri-
bing nature as it now exists leads to resigned acceptance of a possibly
unfavourable situation, whereas in some cases nature in the area in
question could have recovered if it had enjoyed a long period of undistur-
bed development. In practice, however, it is the common experience of
conservationists trying to resist encroachments on nature that they
encounter procedures in which the claims of interested parties are proces-
sed within a fixed framework of laws, rules and economic regulations, and
they realize that it is self-defeating merely to remain aloof from these
procedures.

There are countless situations in which a clearly-defined and systemati-
cally applied knowledge of the actual value of wild nature is indispensable
if a sound decision is to be arrived at. Such situation arise when a choice
must be made among various possible uses for a given area such as
mining, agriculture, forestry, urban development, industry, traffic and
transport facilities, energy production, waste-disposal or - preservation of
the natural state. It is to be expected that in such situations a cost-benefit
analysis and environmental impact assessment will become a matter of
routine and part of a standard procedure in extending aid to developing
countries. The environment will be increasingly subject to regulation and
control, and business firms, governmental bodies and even whole nations
will have to keep accounting records of the influence of their activities on
the natural environment. The world will have to learn a new kind of book-
keeping.

Scientists are certainly not the only ones who will have to come to grips
with this problem: it will confront decision-makers such as politicians,
financiers, plannets, even private citizens, in short everybody who is
concerned with the potential consequences of Man’s influence on the
biosphere of this planet.

We should not be deterred by the fact that this book appears rather
complex at first sight. ‘Functions of Nature’ has no pretention to being
anything more than a guide, a reference book which will provide help in
evaluating a given object. It suggests a framework within which the data
can be organised into a comprehensive whole, but familiarity with the
locality and some ingenuity on the part of the user are certainly required.
The system described here is really based on a old device; a problem so
huge that all its facets cannot be kept in view is first dismantled, the
components are examined separately and then reassembled. The nucleus
of this book is a universally valid list of all imaginable goods and services -
called ‘functions’ for our present purpose - which the natural environment
can provide. For convenience, the environment can be divided into two
classes: inanimate (air, soil, water, etc.) and animate (plants, animals,



micro-organisms, etc.). In the interest of a well-rounded system the author
has listed both the animate and inanimate elements. The greatest diffi-
culty in evaluation is presented by living self-regulating systems: the func-
tions of these are consequently treated at some length.

When we come to evaluating an object, we begin by listing the already
known functions that can be attributed to it. These may consist of ‘goods’
that are easily expressed in terms of money: wood, fish, raw materials and
the like; or they may consist of ‘services”: the value of which may have to
be indirectly estimated or perhaps can only be described such as recre-
ation, water-purification, climate control, and so on, when assessing featu-
res which are intangible such as cultural and spiritual inspiration. We then
set down what each of these functions, taken separately, is thought to be
worth, and a summary is made of the whole. By this procedure, not only
do we obtain a comprehensive impression of the value of the object in its
entirety, but also the analysis thus produced is an excellent instrument for
investigating the consequences for nature of human activities; for inter-
vention will lead to partial or total loss of existing functions or to their
being replaced by other functions. In this connection we should remember
that functions are not always compatible with one another, so that our
attempts to regulate nature frequently lead to less favourable results than
were expected. With the knowledge which functions will be lost and the
social and economic value of those functions, we are in a position to judge
what a given activity is really costing us and what the most sensible deci-
sion is for our particular aims.

Much is being written nowadays about ‘sustainable development’, often in
the sense of continuous economic growth, But the principle of sustainable
development does not necessarily imply preservation of nature and the
environment. If we wish to achieve a truly sustainable use of nature we
should become extremely selective, and remain within the carrying capa-
city of the given system. This is a point which often gives rise to misunder-
standings. Wherever possible, the author has pointed out the extent to
which a certain function can be regarded as sustainable. However the term
‘sustainable’ is used here in the sense it had when applied to conservation
and implies that making use of the function in question does not change or
deplete the ecosystem and that consequently no loss of functions can
ocelr.

A special feature of the function-evaluation method set out in this book is
that it is a universal aid, applicable to any object in any situation. If the
method is widely applied and if ‘thinking in functions’ meets with general
acceptance, this will mean that an important first step has been taken on
the path towards a more rational relationship between human beings and
the biosphere.

‘Functions of Nature’ contains a fair amount of technical jargon from two
different disciplines, each of which has developed a formidable arsenal of
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terminology. These are ecology and economics. As the prefix ‘eco’ (Gr.
oikos=house) indicates, both are connected with housekeeping in the
sense of management or stewardship, the former of plants and animals ,
the latter of human society.

Ecology, which is a relatively recent development of biology, studies not
only individual plants and animals but also the behaviour and characteris-
tics of entire populations, as well as their relationship to the wider envi-
ronment. The term ‘biodiversity’ is used to express the idea that it is this
whole complex structure which must be preserved. It has been gradually
realized that every organism in nature is dependent on countless other
organisms for its continued existence, and that this is equally true of the
human species. Production and consumption proved to be heavily depen-
dent on the natural surroundings and had, in turn, a significant effect on
ecosystems. As early as 1976, the ecologist Eugene Odum referred to the
inevitable ‘coming merger of ecology and economics’.

In the mean time there also have been some changes in the theory of
economics, Here too there was insufficient awareness of these interrela-
tionships, and the economic process of production and consumption had
long been accepted as a self-contained element in the pattern of human
society. The inadequacy of this view became evident when the process was
seen as one part of the phenomenon of life on earth; it was then realized
that the world’s production process is kept going by a constant stream of
valuable raw materials taken from nature but never paid for. This circum-
stance had never been taken into account; it was tacitly assumed that
these resources were available free of charge and in unlimited quantities.
Similarly, in the course of this process no attention was paid to the free
use that was made of nature’s services in the form of climate control and
the supply of water and energy; and, when the end-product was at last
complete, nature was left with the task of cleaning up and decontamina-
ting the waste residue. No charges for these services were reflected in the
price of the product. In this form, the world economy can be compared
with a business firm which inflates its profitability by secretly drawing on
its capital.

Economics will have to reach a better understanding of its relationship
with the natural world and incorporate this into its theory. Aurelio Pecci,
founder of the Club of Rome and himself an industrialist, was one of the
first to recognize this. In 1979 he wrote, in a foreword to the Spanish
edition of the book Nature’s Price: Economic and ecological disciplines
have become so intertwined that what we need now is an interdiscipline
‘econology’.

In recent years both disciplines have worked hard at formulating the
conditions for a stable world-wide stewardship, and a coherent theoretical
structure has emerged under the name ‘environmental’ economics or
‘ecological’ economics. Within the framework of this new discipline
various systems have been developed to provide better descriptions of the



social and economic aspecis of the biosphere. The present book is a
contribution to this work.

In the foregoing we have said something about the problems which are the
subject matter of this book and the body of ideas which offers new
methods for solving them, but the questions still remain whether preserva-
tion of the natural environment is really so important after all and
whether there is not enough being done about it already.

A glance at the functions listed in this book is sufficient answer to the first
question. The outlook for humanity will not be too bright if the favourable
effect of natural ecosystems on the quality of air, water and soil declines
even further and if art, medical science, agriculture and industry wither
away because they are no longer nourished by a continuous stream of
inspiration, genetic qualities and raw materials from nature.

And indeed, to judge by the number of international reports and confe-
rences devoted to the environment in recent decades, there is a lot of
work being done on it. Nevertheless, in contrast to what many think,
nature conservation is in a worse position than it has ever been. If we look
at what all this talking and writing has been about, then we notice that
with the possible exception of tropical rain-forests it is mainly matters
connected with the non-living environment, such as the earth’s atmos-
phere which succeed in bringing government leaders together at well-
published conferences. But there is seldom any attempt at a purposeful
response to the rapidly approaching wholesale loss of species and ecosys-
tems, to say nothing of any type of world-wide effective legislation.

That is understandable to a certain extent. Political leaders respond only
to public demand. The disturbing consequences for our daily existence of
the ‘greenhouse effect’, radiation resulting from ozone loss and the pollu-
tion of air, soil and water are matters that are sure to attract attention and
uncomrmitted conferences on cause and effect can serve to maintain the
itlusion that the problems can perhaps be solved, thanks to production
growth and new technologies, without direct repercussions for everyday
life.

The other view of the question is that people will have to make some
definite sacrifices if the extermination of species is to be resisted and wild-
life is to be spared and given a reasonable chance of survival. It is not
sufficient merety to keep the inanimate environment clean and unpollu-
ted: valuable territory must be made available for the preservation of
animals and plants. There are, of course, other possible methods of
conservation: threatened species could be kept in botanical gardens, zoos
and gene-banks. But if we want to retain the dynamic ecosystems in which
nature constantly regenerates itself, then the necessary space must be
made available. This applies not only to exotic tropical rain-forests but
everywhere. Even in densely-populated areas, a considerable variety of
species can be supported if suitable small reserves are set aside in good
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time, especially if these reserves can be interconnected by corridors. Even
small plots of wild nature can have their uses. The importance of all this,
however, is that the inhabitants of densely-populated regions must be
prepared to make sacrifices for a policy directed towards long-term bene-
fits, and unfortunately, there is little interest for policies of that kind.

But probably the most important obstacle is that it is difficult to discuss
the value of nature and to formulate the necessary measures in specific
concrete terms. One of the first intergovernmental gatherings at which
experts in the field of conservation expressed concern about the deteriora-
ting condition of the natural environment was a conference organised by
UNESCO in Paris in 1968 to discuss the rational use of the biosphere.
Even then, the confusion of issues was so great that the participants scar-
cely knew where to begin. One recommendation was that certain projects
should not be carried out until their possible consequences had been care-
fully considered. In this connection it was observed that such considera-
tion would be more objective if criteria could be found which would
enable those factors of the biosphere which cannot (yet) be expressed in
monetary terms to be compared with the purely financial-economic
factors opposed to them. In The Netherlands, the report of this meeting
provided incentive for a World Wildlife Fund study carried out by the
Free University of Amsterdam. This book is in part a continuation of that
study.

In the epoch-making report on the situation of Mankind which Meadows
presented at the Club of Rome in 1972, the approaching end of a number
of natural resources is discussed, but no special attention is paid to the
depletion of species.

More attention was paid to this subject in the report ‘Global 2000 to the
President’, which was submitted to President Carter in 1980; however, the
spirit of this report did not fit in well with the ‘Reaganomics’ of his succes-
sor, and it was pushed aside as being too negative.

The same year saw the publication of the ‘World Conservation Strategy’,
compiled by the International Unicon for The Conservation of Nature in
collaboration with the IUCN and the WWF. This was the first time that
both government and non-government bodies were associated with an
international document that had conservation as its main theme. Amongst
other things, the ‘Strategy’ went into the relationship beiween ecology and
policy-making and emphasised the importance of protected nature reser-
ves. It was here too that the expression ‘sustainable’ first appeared, used
to convey the idea that no commercial exploitation of a natural area
should be allowed to cause the loss of its natural attributes.

The same theme was discussed at the third congress of the IUCN on reser-
ves and protected areas, held in Bali in 1982. Considerable emphasis was
placed on the role that protected areas could play in sustainable
development, but there were some who thought the claims exaggerated.



Immediately after the congress, the biologist Marius Jacobs expressed his
doubts in an article in which he pointed out that the possibilities for admi-
nistering a reserve on a economic basis are really quite limited. ‘It is facile
enough 1o raise expectations among development-hungry people, particu-
larly at the expense of plants and animals’, he wrote. ‘Any illusions that
tropical rain-forests can be exploited on a permanent base (otherwise than
through seed-collection) is misleading.” And then in conclusion: ‘We can
be reasonably sure that any opening in the defense of nature will be
widened by exploiters, any promise of “utilization’ will result in claims
under the most far-fetched pretexts.’

A breakthrough to government leaders did not really occur until the
United Nations, under pressure of public opinion, set up the World
Commission on Environment and Development, also known as the
Brundtiand Commission, from the name of its chairwoman. Its report was
published in 1987 with the title ‘Our Common Future’. At the same time
the UNEDP also went to work and formed a commission which produced a
report entitled *The Environmental Perspective for The Year 2000 and
Beyond’. The following noteworthy sentence occurs in this report: ‘As the
genetic base of plants, animals and micro-organisms becomes narrower,
some genetic material is being irretrievably lost at such a rate that the
world could lose one fifth or one tenth of its 5 - 10 million species by the
year 2000’

Despite this disturbing statement, conservation occupies only a very
modest amount of space in the report. The report does, however, contain
a remarkable pronouncement: ‘An international network of protected
areas for conserving animal and plant genetic resources of about 10% of
the world’s land area should be established to reverse the trend towards
depletion of species.’

That is three to five times as much as is under protection today!

The Brundtland Report contained a happy message: we were not heading
towards an increasing decline of the environment in a degenerated world
but towards a new age by means of ‘policies that sustain and expand the
environmental resource base’. The concept ‘sustainable development’
became the keyword but no longer only in reference to nature - it was
expanded to include human progress. The term had become politically
loaded.

Although this report does acknowledge the importance of biodiversity,
the living elements in the environment do not really receive the attention
they deserve. The discussion of the relationship between conservation and
development does not get much further than the recommendation that
‘parks for development’ be set up with the aim of furthering both the
protection of species and development. In general, however, the report
does recognize the importance of wild nature. One important recommen-
dation, for instance, is that any activity which causes changes in the soil,
water, air or in the flora and fauna of the place in question should be
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preceded by an Environmental Impact Assessment. This had already been
suggested by the Organisation for Economic Co-operation and
Development ‘ to ensure that environmental considerations are incorpora-
ted at an early stage of any decision in all economic and social sectors
likely to have significant environmental consequences’. Another recom-
mendation in the Brundtland-report worth noting is that the amount of
tropical rain-forests under protection should be at least 20%. The present
amount is 5%!

The problem that Jacobs pointed out in 1982 has not become less relevant
in the meantime. Sustainable management has frequently been used as a
pretext for encroaching on nature, but the extent to which protection and
exploitation can be combined is often over-estimated, not only in regard
to rain-forests but to virtually all ecosystems. This does not of course
mean that a well-planned long-term use of nature is not sometimes possi-
ble. The circumstances of each situation are peculiar to itself, and only a
systematic process of analysis and evaluation will enable us to make the

- correct decision.

Meanwhile there have been many changes. The environment is now one
of the world’s main news topics. So the question now is whether the
sctbacks that wildlife has suffered can be made good quickly enough to
ensure the survival of an adequate number of species to maintain life on
earth. But whose responsibility is it to tackle this problem?

The first group to come to mind is probably the conservation movement.
In recent decades there has been a marked increase in the number of non-
governmental organisations of this kind, and not only in industrialized
countries. They can be very influential, because their status as ‘private
charities’ puts them in a position of financial and political independence.
Perhaps one of their most important tasks is to provide information to a
public that has become increasingly estranged from nature. It will be
necessary for them to concentrate on living nature and to teach people to
think in functions, so that they will come to understand the value of
‘wilderness’. And they can let young people see that wild nature is no less
absorbing than computer games and space travel. In the third world it can
be useful to help local communities defend their natural resources against
unsustainable exploitation.

There is also an important role for the business world. It is interesting to
note that the International Chamber of Commerce has produced a charter
of sustainable development tor use in commerce and industry. The charter
strongly recommends the preparation of environment-effect reports and
advises the use of internal environment accountants. This could eventually
lead to the making up of an alternative environment balance sheet, as is
already done by some firms, These can provide good indications of a
company’s environment policy. Unfortunately the charter gives very few
guide-lines for applying these recommendations and contains no
references to regulations and sanctions, but it is encouraging that such a



broadly representative section of the business world should show its
willingness to take some account of the environment.

In conclusion, something should be said about the organisations which
arrange aid to developing countries. In contrast to earlier expectations, it
now appears that in some countries this aid does not bring about a perma-
nent rise in the standard of living because economic growth is immediately
cancelled out by a fresh increase in the population. The hunger and want
arising from this lead to increased depletion of such natural resources as
are still available. Arable ground is reduced by erosion and drought, there
is a shortage of wood for cooking and building, a shortage of pasture for
the cattle, and gathering the produce of the forest becomes more and
more difficult. Recovery from such a situation is scarcely possible: the
exhausted natural environment no longer has the capacity to restore the
economy. Not only does this lead to hopeless poverty, it can also be the
cause of mass migration and even war,

The only solution is not only that aid must be increased considerably and
production and population planning improved, but also that restoration
and preservation of the natural environment must be an important goal.
Maintaining biodiversity is a complex problem, and it has been shown
repeatedly that none of the groups involved is able, alone, to prevent a
world-wide environment disaster. Is it therefore essential that gover-
nments and the United Nations henceforth give absolute priority to nature
and the environment.

A lot of meetings and publications have been devoted to the environment
in recent times. A number of events from the hopeful early seventies have
had their revival twenty years later. There has been a sequel to the first
report of the Club of Rome, the World Conservation Strategy has appe-
ared in a revised version, entitled ‘Caring for the Earth’, and Rio de
Janeiro has been chosen a suecessor to Stockholm for a second world
conference on the human environment. It all looks like a refresher course
on a grand scale, repealed for the benefit of a humanity which faited to
listen properly the first time.

Although the importance of the living environment has received more
attention of late, the loss of biological diversity is still suffering from
under-exposure. Recent articles press for more scientific information
about nature and the integration of these data in social and economic
developments, But this will never get beyond generalities unless clear
guide-lines are drawn up and adhered to in setting up the necessary appa-
ratus and procedures and in weighing the import of the relevant factors.
The new subject of ecological economics, of which function-evaluation is a
part, can assist in this.

This book is to some extent a first approach, and the author will welcome
any contribution that readers may make towards perfecting the system he
describes. T hope that many will respond to this invitation.

M.G. Wagenaar Hummelinck
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environmental impact assessment and cost-benefit analysis. An important
obstacle to the inclusion of environmental concerns in planning and deci-
sion-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 (local) planners
and decision-makers to decide on the best alternative use of a particular
natural area, including the option to conserve it in its natural state.

Current methods of evaluation in decision-making, such as cost-benefit
analysis, inadequately reflect the true environmental and socio-economic
value of natural resources and ecosystems. The traditional view has often
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. One of the main purposes of this book 1is,
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.

In order to achieve the conservation and sustainable utilization of nature
and natural resources, data on the many possible environmental effects of
development projects and land use decisions must be presented to plan-
ners and decision-makers in a comprehensive manner.

The concept of environmental function evaluation (which is described in
detail in chapter 1.2) is a usetful tool in this respect since it concentrates
the large amount of ecological data which is relevant to planning and deci-
sion-making into a checklist of a limited number of environmental func-
tions.

The main part of this book (chapter 2), deals with a description of the
many eanvironmental functions {goods and services) than can be distinguis-
hed, with emphasis on those functions provided by the plants and animals
of natural ecosystems, In total, 37 main functions are listed, covering a
wide range of ecological, social, cultural, scientific and economic values.
The most important environmental parameters needed to assess the capa-

city of a given natural area or ecosystem to provide these functions, are

given in Appendix I, including a matrix showing the relation between
specific functions and evaluation parameters.

An overview of the types of socio-economic values that can be attached to
these functions, and methods for the monetary valuation of some of these
functions is given in chapter 3, including several examples.

The practical application of this function-evaluation system is illustrated
in chapter 4 by a description of the functions and socio-economic values of
three case studies with very different environmental characteristics and
socio-economic settings: tropical moist forests, tidal wetlands (illustrated
by a case study of the Dutch Wadden Sea) and the Galapagos National



Park. Although these case studies focus on the functions and values of
specific natural ecosystems, the function-evaluation system presented in
this book can be used as a framework (or manual) to describe the entire
scope of interrelations between man and the natural environment. The
book, therefore, closes with a brief discussion of the more general applica-
tion possibilities of function-evaluation as a tool in environmental plan-
ning, management and decision-making (chapter 5).

The function-evaluation system presented in this book can help to incor-
porate arguments for the conservation and sustainable utilization of
nature and natural resources more structurally and systematically in plan-
ning and decision-making in various ways:

— An important benefit of systematic function evaluation is that it can be
used to demonstrate the ecological and socio-economic importance of
natural ecosystems and protected areas, and provide guidelines and indi-
cators for their conservation and sustainable utilization. Since protected
areas have to compete with alternative land uses, such as urban develop-
ment, agriculture, and forestry, listing the many functions and demonstra-
ting the economic benefits of protected areas may help to justify their
establishment and ensure their continued protection under increasing land
use pressure.

- Early in the planning process, it is important to obtain a clear insight
into the environmental trade-offs involved in alternative development
projects. An instrument which is increasingly applied in this phase of the
planning process is Environmental Impact Assessment (EIA).
Conventional EIA is often limited to an assessment of the direct effects of
a given project on the environmental characteristics of the area.
Preferably, however, environmental impact assessment studies should also
include an assessment of the environmental functions and hazards atfec-
ted by the planned activity. More integrative environmental assessment
and ecosystem evaluation is especially important to the drafting of envi-
ronmental profiles and to determine carrying capacity limits as back-
ground information for the formulation of sustainable development strate-
gies.

By providing a comprehensive checklist of environmental functions, this
book may also serve as a reminder to environmentalists of the points that
need to be considered when making independent assessments of projects
that involve the use or conversion of natural ecosystems.

— To achieve more balanced decision-making, economic Cost-Benefit
Analyses (CBA) and other decision-making instruments should be based
on the concept of sustainability and must be adjusted in order to better
account for non-monetary values, both social and environmental.
Somehow, cost-benefit analysis should account for the fact that natural
ecosystems, besides providing marketable resources also perform many
ecological functions with indirect but important values to economic
productivity and human welfare.
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The concept of environmental functions, and the function-evaluation
method described in this book, can help planners and decision-makers to
obtain better insight into all the costs and benefits involved in land use
decisions. If all factors are taken into account, it will often show that
sustainable use of natural ecosystems is not only environmentally safer
than short-term (over) exploitation, but also economically more sound.

— To structurally implement environmental concerns in planning and deci-
sion-making, improvement of environmental assessment methods alone is
nol enough. In order to make economic planning and decision-making
more responsive to environmental concerns, methods must be found to
‘internalize’ the environmental dimension in economic assessment and
accounting procedures. There is a strong need to change conventional
economic accounting procedures and new indicators for human welfare
are needed in order to provide appropriate incentives for sustainable use
of environmental functions. Here too, the function-concept can be useful
as an indicator for both environmental quality and quality of tife by provi-
ding an instrument for measuring the availability and the "full value" of
environmental functions to human society.

Only when ecological principles become an integral part of economic and
political planning and decision-making is there a chance of achieving
sustainable development based on a new kind of environmental econo-
mics which integrates conservation objectives and economic interests into
one common goal: i.e. the maintenance and sustainable utilization of the
functions (goods and services) provided by nature and natural ecosystems.

Trying to understand the multitude of functional interactions between
man and the natural environment and integrating all these functions and
associated values into a practical and universally applicable evaluation
method is clearly quite complicated. Any evaluation method of this scope
and complexity will surely need continuous updating. The wide variety of
topics covered, and the continuing appearance of new publications on
specific aspects, made the task of incorporating all the latest information,
and dealing with all sections of the book in the same detail, most difficult.
The choice of detail was also a problem when describing the functions
{chapter 2} and the evaluation parameters (Appendix I): for some readers,
the descriptions may be too detailed; others may have wished to find more
information on certain functions or parameters. I am very much aware of
these difficultics and welcome constructive criticism to improve future
editions.

Basically, there are two reasons for publishing this book now:

Firstly, to increase awareness about the concept of environmental functions
and their importance to human welfare. Better insight into the many func-
tional interrelations between man and the natural environment may help
to create more understanding and awareness about the many benefits
which natural environments provide to human society. Greater awareness



about our dependence on a healthy environment and the many implica-
tions of environmental degradation is crucial if we are to solve the envi-
ronmental problems we are facing today. Thinking in terms of functions,
instead of the more narrow concept of natural resources, may stimulate a
change of attitude towards our natural environment. We now realise that
we are not "only" depleting nature's resources (fossil fuels, soil, species)
but also destroying many essential services with serious socio-economic
consequences (e.g. erosion and landslides caused by deforestation).
Knowledge about the many natural goods and services, and the socio-
economic effects of their loss, may help to better incorporate the value of
the conservation and sustainable utilization of natural ecosystems in plan-
ning and decision-making. It is very likely that the recent increase in envi-
ronmental concern and the subsequent measures taken, notably with
respect to atmospheric pollution, are mainly due to the publication of
figures on the economic damage of environmental pollution (e.g. acid
rain), and reports on the loss of functions previously taken for granted
(such as the protective function of the ozone layer against UV-radiation
and climate-regulating processes).

Secondly, to stimulate debate and comments on the proposed method for
further development and improvement, The environmental assessment
method described in this book is a first attempt to design a comprehensive
checklist of environmental functions and related parameters. It is hoped
that anyone who is interested in the subject or is involved in related
research (such as land (use) evaluation, {natural) resource assessment and
management, resource economics, and eco-development) will share his or
her ideas on how to improve the evaluation method presented in this
book. Practical examples of the functions and socio-economic values of
natural ecosystems and wildlife, as well as other comments on the book,
are very welcome and may be sent to the following address: Rudolf S. de
Groot, Nature Conservation Dept., Agricultural University Wageningen,
P.O.Box 8080, 6700 ER, Wageningen, The Netherlands.
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