Karsten Grunewald™ S~ = -
Olaf Bastian FilOISRePy. = 7% oo

tcosystem™
Services

Concept, Methods and Case Studies

@ Springer




Ecosystem Services - Concept, Methods and Case Studies



Karsten Grunewald
Olaf Bastian
Editors

Ecosystem Services -
Concept, Methods
and Case Studies

@ Springer



Editors

Karsten Grunewald Olaf Bastian

Leibniz Institute of Ecological Urban Leibniz Institute of Ecological Urban
and Regional Development and Regional Development
Dresden Dresden

ISBN 978-3-662-44142-8 ISBN 978-3-662-44143-5 (eBook)

DOI10.1007/978-3-662-44143-5
Library of Congress Control Number: 2015940761

© Springer-Verlag Berlin Heidelberg 2015

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of

the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology now
known or hereafter developed. Exempted from this legal reservation are brief excerpts in connection with
reviews or scholarly analysis or material supplied specifically for the purpose of being entered and executed
on a computer system, for exclusive use by the purchaser of the work. Duplication of this publication or
parts thereof is permitted only under the provisions of the Copyright Law of the Publisher’s location, in its
current version, and permission for use must always be obtained from Springer. Permissions for use may be
obtained through RightsLink at the Copyright Clearance Center. Violations are liable to prosecution under the
respective Copyright Law.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

While the advice and information in this book are believed to be true and accurate at the date of publication,
neither the authors nor the editors nor the publisher can accept any legal responsibility for any errors or
omissions that may be made. The publisher makes no warranty, express or implied, with respect to the
material contained herein.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



Preface

Humankind is a part of nature. It depends on nature for its existence, its well-being and its
economic activity, and is connected with it by numerous ties. Nature provides food and water
for our daily existence, the raw materials for handicrafts and industry and medicinal plants
for healthcare. Forests not only supply us with wood, berries, mushrooms and wild game, but
also protect us against soil erosion and flooding, create the oxygen we breathe and bind green-
house gases that endanger our climate. Natural ecosystems act as water filters, and habitats for
a large variety of plant and animal species, including the wild bees which are important for the
pollination of our crops. People find spiritual inspiration and fulfillment in nature together
with a esthetic pleasure, rest and recreation.

In recent years, the term ‘ecosystem services’ has become popular as the designation for all
these benefits which are useful to people. Nature provides many effective, low-cost and sus-
tainable solutions for human needs. Often however, people are not even aware of the role of
natural resources or ecosystem services, or they see nature simply as an endlessly bubbling,
never slacking fountain of human prosperity. Careful dealing with nature and investment in
an intact natural environment is often considered a luxury, and conservation is generally a
secondary issue. No wonder biodiversity is declining at a rapid pace worldwide-and also in
Germany-and that the capacity of ecosystems to provide services is also being reduced to
such a degree as to cause major concern.

Generally, growing economic use of nature involves a reduction of the regulatory and so-
ciocultural services rendered. One goal of the concept of ecosystem services is to better
demonstrate these contexts and move them into the public consciousness. It is therefore im-
portant to recognise and improve the standing of the non-marketable services of nature by
improving the understanding for the systemic context and the dynamics between ecosystem
properties, functions and services, natural capital and their beneficial effects in various spa-
tial and temporal scales, and in connection with their multiple drivers. Valuating the ser-
vices provided by ecosystems and landscapes-i. e. assigning economic/monetary value to
them-is in accordance with the widespread tendency of our times. Often, the argument is
raised that ‘concrete’ arguments need to be developed to persuade political leaders, and to
gain broad acceptance by business and society at large. After all, monetary value and sup-
posedly ‘hard’ figures are the language that is most easily understood, especially outside of
the conservationist community. However, can we and should we really reduce nature, in all
its complexity and its immeasurable significance for us human beings, to monetary values?

The reason and goal of the first comprehensive German-language discussion of this issue
in 2013 was to present the multiple relationships between economics, ecology and ethics in
a theoretically well-grounded manner, and to provide practical recommendations for the
analysis, evaluation, control and communication of ecosystem services. We seek to address
all those interested in building bridges and crossing borders between disciplines: both sci-
entists and practitioners in the administrative, volunteer and professional spheres, especially
those who deal with the environment, conservation and regional and land-use planning; ex-
perts from the business community, activists in politics, students, and all those interested
in fundamental ecological, economic, ethical and environmentalist issues and issues which
affect ecosystems and landscapes.



Vi Preface

After a very positive reception of the German book, the English translation has now been
completed. Springer-Spektrum as editor has initiated this project and made it possible; the
organisation and the cooperative effort were carried out in a notably pleasant atmosphere.
We would like to thank the numerous authors, from Dresden to Bonn and from Freiburg to
Greifswald, for their contributions, and also apologise to those of our colleagues working in
this and similar areas whom we were unable to accommodate for reasons of space. We hope
that the present treatment will spark a constructive discussion with them. The length of the
book was strictly limited, so that, in our view, while a number of very essential aspects of
this highly complex topic have been addressed, others unfortunately have not.

Most of the authors provided their own translations; Phil Hill of Berlin translated the rest,
and the publisher provided the final redaction. Our sincere thanks to all.

Phil Hill passed away suddenly on 22nd of December 2014. With the book we want say
thank you to you, Phil, for the wonderful years of collaboration.

Karsten Grunewald and Olaf Bastian
Dresden, January 2015
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2 Chapter 1. Ecosystem Services (ES): More than Just a Vogue Term?

“Western civilization [is] the union of exquisitely
sophisticated crowning achievements and a
nervous, senselessly extravagant consumption.”
Peter Hoeg: Miss Smilla’s Feeling for Snow.

During the 1990s, with the increasing demands
of humankind upon the limited resources of the
earth, and in view of the growing burdens upon
the balance of nature, manifested, too, in biodiver-
sity loss and in the problem complex of energy and
the climate, the concept of ecosystem services (ES)
entered into the international environmental dis-
cussion (e.g. de Groot 1992; Daily 1997; Costanza
et al. 1997). Important milestones included the
Millennium Ecosystem Assessment (MEA 2005),
The Economics of Ecosystems and Biodiversity
studies (‘TEEB studies’s TEEB 2009), the RUBI-
CODE project (Rationalising Biodiversity Con-
servation in Dynamic Ecosystems; e.g. Luck et al.
2009), the EASAC policy report (Ecosystem Ser-
vices and Biodiversity in Europe; EASAC 2009) and
the Strategic Plan for 2011-2020 adopted at the 10th
Conference of the Parties of the Convention on
Biodiversity (CBD 2010) in Nagoya (October 18-29,
2010), which used the term ecosystem services some
200 times.

The significance of the concept of ES is to en-
able greater account to be taken for the ecologi-
cal services-the services provided to us by nature,
free of charge-in decision-making processes, and
to ensure sustainable land use, in order to coun-
ter overconsumption and degradation of the natu-
ral conditions of life. The attractiveness of the ES
concept is based on its integrative, interdisciplinary
and transdisciplinary character, as well as its link-
ing of environmental and socio-economic elements
(Miiller and Burkhard 2007).

The ES concept is not, however, entirely new;
the ecology movement had at an early date laid the
foundations for it (e.g. Ehrlich and Ehrlich 1974;
Westman 1977). The fact that nature and/or eco-
systems provide free services to humankind, e.g.
the decomposition of matter, the balance of water
runoff, or the production of oxygen, has long been
known (Graf 1984). We may recall that Bobek and
Schmithiisen (1949) introduced the concept of ‘po-
tential’ (» Chap. 2), as the ‘spatial arrangement of
naturally provided possibilities for development,

analogous to the study of vegetation, where Tiixen
saw natural vegetation as the integral that charac-
terised the totality of growth conditions at a given
site (Tixen 1956).

In two points in particular, the ES approach dif-
fers from the concept of natural spatial potential
and landscape functions, previously established
particularly in the German-speaking area; this has
strongly emphasised the concept of landscape ecol-
ogy (Grunewald and Bastian 2010):

First, ES evaluation is expressly anthropocen-

tric, i.e. with regard to human quality of life.

Second, the different functions, goods and ser-

vices of nature, which often constitute ‘public

goods, are measured (if possible) with the aid
of a single standard that integrates the interests
of the ecology, of the economy, and of social
sustainability. For this purpose, a monetary
valuation is the proposed goal to be achieved

by means of a methodological mixture of di-

rect and indirect market evaluation (Costanza

et al. 1997). However, there are still serious
points of criticism with regard to a market-
like evaluation of non-market related assets

(e.g. Spangenberg and Settele 2010; Schroter

et al. 2014), as a result of which there has re-

cently been a tendency to move away from

the concept of evaluating ES primarily or even

exclusively in monetary terms, and towards

using a broader spectrum of indicators instead

(UNEP-WCMC 2011).

In the business community, too, there is growing re-
alisation that scarcity of natural resources, reduced
biodiversity and the degradation of ES not only
bear a growing level of risk for companies, inves-
tors, banks and insurance companies, but also that
solving these problems may open up opportunities
of great financial significance. Leading companies
are increasingly realising that the maintenance and
protection of nature is not merely a marginal issue,
nor is it something that can be dealt with by the
commitment of volunteers. Rather, biodiversity and
ES must be firmly rooted in their business models
and core strategies, as a key precondition for ensur-
ing sustainable growth and success (BESWS 2010).

Seeing nature as a productive force-along
with capital and labour-makes the ES approach



Ecosystem Services (ES): More than Just a Vogue Term?

relevant for the public, government decision-
makers and administrative bodies (B Fig. 1.1). Ac-
cordingly, the economic sciences have for some
years made an effort to develop methods to permit
ecosystems and the changes in them to be evalu-
ated economically. In resource economics, the con-
cepts of ‘external effects’ and ‘economic total value’
have been created for this purpose. Especially, if the
efforts for so-called ‘total environmental economic
calculation’ have to date met with little success, es-
pecially in Germany, Schweppe-Kraft (2010) has
nonetheless summed up the situation as follows:

“The economic evaluation of ecosystem services,
including existence, option and bequest values,
conceptually permits the complete ascertainment
of the effects of land-use and biotope changes
upon societal welfare”.

— Ecosystem Services (ES)

describe the services rendered by nature and
used by humankind. According to the MEA
2005, these are supporting services (such as
soil formation, photosynthesis), and following
provisioning services (such as food), regula-
tion services (such as erosion control) and
cultural services (such as landscape aesthet-
ics as basis of recreation and tourism). We
recommend a trinomial classification, with
provisioning, regulation and sociocultural
services; » Chap. 3.2), since these correspond
with sustainability categories. Effects vitally
necessary for human well-being are based on
these services, including provision with food,
protection from natural hazards, with the
supply of clean water. Societal value creation
is to be weighted by means of the ES concept,
and evaluated in part-but not entirely-mon-
etarily (cost-benefit calculations), so as to
promote commitment to the preservation of
nature for economic reasons as well (Jessel et
al. 2009).

At the latest since the study by Costanza et al.
(1997), in which worldwide ES were calculated,
their significance for humankind is no longer deni-
able. The extent of the dependence of humankind

O Fig.1.1
alliance?

Nature conservation and economy-a new

on ES has been shown dramatically by the example
of pollination by wild bees, upon which 15 to 30 %
of US food production, with a total value of $30 bil-
lion, depends (Kremen 2005; EASAC 2009).

Nonetheless, ascertaining the scope of ES and
the societal negotiation of its value priority, in-
cluding an economic assessment of its value, still
faces numerous challenges. Numerous ES, such as
the beneficial effects of biological diversity, have
been little investigated to date (Mosbrugger and
Hofer 2008). In particular, there has been a lack
of quantitative systemic understanding, i.e. of com-
prehensive knowledge of the process interconnec-
tions.

ES is such a current, exciting, complex, integra-
tive, and open-end issue that numerous scientists
and practitioners worldwide have been involved
with it. @ Figure 1.2 shows that the number of scien-
tific papers on ES in recent years has risen exponen-
tially. There have been numerous attempts to index,
quantify, and map ES. However, recent meta-anal-
yses in that area (e.g., Elsasser and Meyerhoff 2007;
Goldman et al. 2008; Feld et al. 2009; Jacobsen and
Hanley 2009; Seppelt et al. 2011; Brouwer et al. 2013)
have shown that there is as yet no comprehensive,
generally accepted methodological system.
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The ES Concept has Received Considerable Recognition from the Scientific Community and

from Political Decision-Makers

However, what that means locally
is usually not clear; in any case,
such labels as ‘the economisation
of conservation; or ‘improvement
of the quality of life’ are misleading
and short-sighted. In this context,
we will repeatedly be dealing with
complex, ambiguous terms, such
as ecosystem, service, capital,

500
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w 250
o 200+
Z 150
100 A
50 4

0
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2000 2005
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1995 2010

B Fig.1.2 Growth in number of papers on ecosystem
services since 1990. The graph is based on searching ISI
web of science using the terms ecologicalor ecosystem
service(s). Most ES-related papers were published in the
journal Ecological Economics. (Source: Peterson 2010)

= How Endangered are our Ecosystems? Why
are ES and Biodiversity Often Mentioned in
the Same Breath?
The approximately 1300 participants in the
international study MEA (2001-2005) reached the
conclusion that a sufficient supply of ES for future
generations cannot be assured, because ecosystems
are being changed, damaged, and transformed. In
a survey by the Austrian Forum for Science and
the Environment, experts gave a largely nega-
tive assessment of the development of our habi-
tats (‘Die Presse, print version, 1.4.2010). Human
use of nature is causing a death of species at 100
to 1000 times the natural rate (Rockstrom et al.
2009).

landscape, environment, function,
space, time or value, from a num-
ber of perspectives. The following
quote from the Senate Commission
on Future Directions in Geoscience
of the German Research Foundation
(DFG; cf. DFG 2011) shows some of
the stumbling blocks:

“One important challenge is to
quantitatively ascertain the biogeo-
chemical turnover processes which
drive global material cycles. These
processes are called ‘ecosystem
functions’ and ‘ecosystem ser-
vices' They are of great significance
for humankind and for climate
change”.

In the EU and Germany, biodiversity goals, i.e.
the goal of stopping the decline of biodiversity, have
not been achieved to date, which has had a nega-
tive effect on such services provided by ecosystems
as pollination services. Investigations have shown
that without new policy approaches, the loss of
biodiversity will continue (PBL 2010). Everybody
realises that ‘in a prosperous world with approxi-
mately 7 billion people (2011), a powerful advance
of innovation must be initiated in order to secure
ES and to make a resource-saving development
possible’ (WBGU 2011).

— The Term Ecosystem

goes back to the British biologist and plant
ecologist Arthur George Tansley, who intro-
duced it as a fundamental principle in the
ecology (Tansley 1935). An ecosystem contains
the structure of interrelationships of living
beings to one another and to their inorganic
environment. In the less abstract sense, an
ecosystem is characterised by its long-term
relationship (biocenosis) and its habitat (bio-
tope) (Ellenberg et al. 1992). Since Tansley, an
international interdisciplinary and transdis-
ciplinary ecosystem research community has
emerged and has attempted to develop and
apply holistic and systemic concepts. Ecosys-
tem research is a conceptual approach with
which particularly natural scientists identify,
since analytic models of the structure and dy-
namics of spatial segments can be processed.
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Calls for Valuation of ES

‘We need strong awareness of the
value of ecosystems and their ser-
vices. Moral appeals and alarmism
are of little help to nature. What can
help counter species loss is effective
management of well networked
protected areas, and new land-use
models with synergy effects. Primar-
ily however, the economic value of
‘green infrastructure’ must at long
last be accorded recognition’ (Beate
Jessel, President of the German
Federal Agency for the Conserva-

tion of Nature, in: umwelt aktuell,
April 2010).

‘The loss of natural capital
(including ecosystems, biodiversity
and natural resources) has direct
and widespread negative effects
on financial performance. Climate
change and the financial crisis
suggest that significant systemic
risk requires coordinated policy
intervention. The financial markets
do not yet understand that many
companies face specific risks from
disruptions of vital ecosystems

through their supply chains, and
that they need to plan for the
impact of new regulation’ (Colin
Melvin, Hermes Equity Ownership
Services Ltd., in: Demystifying Mate-
riality: Hardwiring Biodiversity and
Ecosystem Services into Finance,
UNEP-CEObriefing, October 2010).

‘Maybe the ecology move-
ment shouldn’t always just ap-
pealed to people’s consciences, but
rather view the issue from the point
of view of the market economy’
(Ebert 2011).

— Biodiversity or Biological Diversity,

according to the Convention on Biological
Diversity (CBD), means ‘the variability among
living organisms from all sources including,
inter alia, terrestrial, marine and other aquatic
ecosystems and the ecological complexes

of which they are part; this includes diver-
sity within species, between species and of
ecosystems’ (CBD 2010). According to this
definition, which is binding under interna-
tional law, biodiversity consists of the diversity
of species, the diversity of ecosystems, and
genetic diversity.

Since the diversity of ecosystems, biotic associa-
tions and landscapes are part of biodiversity, ES and
biodiversity are often mentioned in the same breath
(e.g. Ridder 2008; TEEB 2009). Biodiversity par-
ticularly supports the ‘functioning of ecosystems’;
however, it can also be defined as an ES in its own
right-the ecosystem service of providing biodiver-
sity. While both concepts overlap, they are in no
sense identical. Undoubtedly, the continued loss of
biodiversity will also have an impact on ES; how-
ever, generally, no simple, linear relationship can
be assumed (Giller and O’Donnovan 2002; IEEP
2009; Trepl 2012). For many ES evaluated, maxi-
mum possible biodiversity is not necessary; rather,

sometimes a lower number of species is favourable
or sufficient, and sometimes a higher number.
Jessel (2011) describes the differences between
the terms biodiversity and ES as follows:
ES is broader than biodiversity (e.g. sociocul-
tural ES).
The perspectives are fundamentally different:
ES focuses on properties of ecosystems for the
purpose of maintaining their services, whereas
biodiversity focuses on the number and char-
acteristics of the biotic components of nature.
The ES approach is more strongly anthropo-
centrically oriented.
The protection of biodiversity implicitly pre-
supposes the preservation of variety in all
its components, and is hence fundamentally
statically oriented; for ES, by contrast, not all
components of the ecosystem are in all cases
necessary in order to maintain services.

“A planning guide for the loss of biological diver-
sity is difficult to define, due to the large number of
species, the extreme difference of their significance
for the functioning of the ecosystem, and our huge
knowledge gaps” (WBGU 2011). The worldwide
network of protected areas, which has been consid-
erably expanded in recent decades (B Fig. 1.3), and
which is to be expanded further from the current
12 % of the world’s land area (+10 % of the maritime
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area) to 17% by 2020 (CBD 2010), will certainly
have a positive effect on ES and biodiversity, but has
not been able to halt, much less reverse, the rate of
loss with respect to most biodiversity parameters,
especially species development and habitat condi-
tions (8 Fig. 1.4). For this reason, the focus will in
future be increasingly upon issues of ‘sustainable
land use’ on more or less intensively managed areas
of land.

Clearly, even though humankind has since
time immemorial used the services of the ecosys-
tems and landscapes, and experts are increasingly
conscious of the value of the natural processes in
ecosystems, society is still far from any general ac-
ceptance of these facts, and from any action to be
derived from them.

= Political Backgrounds and Stipulations

The preservation and improvement of ES are re-
quired not only by the EU’s targets for sustainable
growth and for climate protection and climate ad-
aptation, but also by economic, spatial and social
contexts; moreover, they serve to protect Europe’s
cultural heritage. The great political relevance of
ES is shown, e.g. by the fact that in June 2010, the

Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (IPBES) of
the UN was established, as analogous to the Inter-
governmental Panel on Climate Change (IPCC).
Building upon the above-mentioned MEA 2005,
the European Commission funded an interna-
tional project for assessing “The Economics of
Ecosystems and Biodiversity’ (TEEB 2009), which
recommended taking into account the economic
value of biodiversity in decision-making processes,
accounting and reporting, in order to ensure the
sustainable use and preservation of ES. This recom-
mendation was proclaimed at the 10th Conference
of the Parties to the CBD in Nagoya, Japan, in the
autumn of 2010, as a key point for the strategic plan
for the coming decade.

The EU biodiversity target for 2020 is, among
other things, to contribute to Action 5 of the Bio-
diversity Strategy, ‘Improving knowledge of ecosys-
tems and their services in the EU’:

“Member States, with the assistance of the Com-
mission, will map and assess the state of ecosys-
tems and their services in their national territory
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by 2014, assess the economic value of such ser-
vices, and promote the integration of these values
into accounting and reporting systems at EU and
national level by 2020.” (EC 2011)

Behind the targets set by various policy levels is
the fact that in view of the virtually unhampered
worldwide loss of biodiversity, and the growing an-
thropogenic load upon ecosystems, it is ever more
urgent to control the multifarious and increasing
demands on our limited resources and to ensure
sustainable land use (see above). In future, ES and
biodiversity are to be taken into account in all de-
cision-making processes (EC 2011). However, do
we have available to us the necessary knowledge
and an appropriate methodological toolkit? To
date there is a lack of indicators and instruments
for the integration of ES that could be broadly ap-
plied at the national and regional levels, so that ES
are still difficult to appropriately be taken into ac-
count in political decision-making processes. Both
the monetary and the spatially explicit analysis of
potential and existing ES have proven to be very
time-consuming, high-effort tasks (Kienast 2010).

Many practical problems, such as how to perform a
comprehensive and full coverage calculation of ES,
remain unsolved.

The goal of taking the role of ecosystems and
ES into account in all future decision-making pro-
cesses is, however, also viewed critically, due to the
fear that it will come into conflict with the goals
of deregulation and the simplification of decision-
making. For example, certain interest groups want
no additional restrictions on business and transport
infrastructures, e.g. in the context of the expansion
of long-distance power lines needed for renewable
energies. The Federal Council (the upper house of
the German Parliament) has therefore made an ap-
peal not to call into question the foundations of the
harmony of ecology, economy and social interests
as the worldwide approved goals of a sustainability
strategy (Bundesrat 2011). It is therefore important
to ascertain the resilience of the ES concept as a pil-
lar of policy-making, and to provide substantiation
for the advantages of the integration of ES assess-
ment in decision-making.

A number of projects in various countries, in-
cluding in Europe, are currently involved in the
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process of the inventory and evaluation of ES, in-
cluding the UK National Ecosystem Assessment
(UKNEA 2011), or the study ‘Indicators for Eco-
system Services: Systematics, Methodology and
Implementation Recommendations for a Welfare-
Related Environmental Reporting System, by the
Swiss Federal Office for the Environment (BAFU
2011). The German Federal Ministry for the En-
vironment (BMU) and the Federal Agency for
the Conservation of Nature (BfN) have, under
the heading “TEEB Germany, implemented a re-
search project to systematically ascertain ES at the
national level and develop an economic accounting
system for it, to an extent (TEEB DE 2012; Hedden-
Dunkhorst et al. 2014).

The complex issue of ES is being addressed by
scientists from a wide variety of disciplines; their
approaches, terminologies and methodologies are
accordingly variegated, sometimes to the point of
causing misunderstandings. For example: what
does the ‘service capacity of nature), what does ‘nat-
ural capital’ mean? What is the difference between
potential, functional and service approaches?
Which services of nature should we analyse, and
how should we evaluate them? Can all services re-
ally be quantified or even monetarised?

In the following chapters, these problems will
be raised and discussed. The concept of ES will be
explained, terminology elucidated, categories pre-
sented and methodological framework for analysis
and evaluation of ES in its facets shown, and repre-
sented on the basis of case studies and applicability.
The primary point is to gain a better understanding
of systemic context and dynamics between natural
capital, ecosystem structures and processes, ecosys-
tem services/welfare effects of various scales, and
in the context of multiple drivers. For that purpose,
approaches of complexity research, the work of
various levels and scales, and the approximation of
various perspectives will be used. @ Figure 1.5 shows
the various levels that are to be addressed and dis-
cussed in the following chapters. The conceptual
considerations are compiled at the end in a Guide
for analysis and evaluation of ES (» Chap.7.1).

The focus will be on the central European area,
and the existing system of ecological spatial plan-
ning in Germany. Among the questions this raises
will be that of how the societal or macroeconomic
use of measures for the improvement of quantifiable

ES can be spatially concretised and introduced into
regional and national planning processes. Analo-
gously, linkage concepts between government and
finance will be raised (» Chap. 5).

We can choose among four different perspec-
tives for the practical integration and communica-
tion of ES: the ecosystemic perspective, the service
related perspective, the spatial perspective, and
the stakeholder perspective. Of these, the spatial
and stakeholder perspectives are more typical for
the political decision-making processes (Haines-
Young and Potschin 2010; Griinwald 2011; Wende
et al. 2012). Planning processes that incorporate ES
from these perspectives will primarily address the
following key issues:

Which ES in the territory are important for

human well-being?

What is the source of the ES (local or from

outside of the planning area)?

Which actors depend upon these services, and

with what kind of capacity (local or from out-

side of the planning area)?

Which value and which priority does each ser-

vice have (is replacement or exchange possible;

reference of the service from elsewhere)?

How can management and other activities

improve the services (especially positive or

negative effects upon other services)?

Who benefits from management and activity

options and measures?

The Task of Analysis and Evaluation of ES

The concept of ecosystem services (ES) is increas-
ingly determining the debate over the issues of
biodiversity and sustainable land use. ES can be
ascertained with the methods of a variety of scien-
tific disciplines in order to develop the terminto a
usable evaluations standard for policy-makers. For
dealing with the problem of ES, a well-founded and
broadly accepted conceptual framework will be
necessary. Clear terminology is especially impor-
tant. Currently, the main issue is the development
of methods for the ascertainment and evaluation
of the endangerment, and procedures for preserva-
tion/restoration of ES, and also the demonstration
of ‘public acceptance’ for the concept of ES, with

its possibilities and limitations, and, if necessary,

its integration into planning and decision-making
processes.
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Central to the ES approach is the issue: what
are human use demands with regard to the ser-
vices which nature provides, and how can these
demands be made visible and integrated into
rational activity? Will we be better able, with the ES
concept, to communicate the importance of nature
for humankind, and to better take it into account,
when balancing it against other goals? How can ES
be secured, developed further, and protected from
derogation?
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“We know the price of everything and the value of
nothing (adapted from Oscar Wilde).”

Despite, or perhaps because of the wide distribution
and almost inflationary use of the ES term there is
no question that a clear and uncontroversial, uni-
versally accepted definition does not exist. For ex-
ample, what distinguishes the service of an arable
land from the service of a natural ecosystem? What
are the limitations of what we may call ‘service’?
What is an ecosystem property of the underlying
service? What do we mean by a potential and what
is meant by a function?

In the context of an integrative ES concept, it is
important to create a concept system, similarly un-
derstood and accepted by economics, ecology, and
sociology, by scientists, practitioners, and policy-
makers. That this only partly succeeded is partly
due to the distinct subject-specific names (delim-
itation of a field of knowledge through technical
terms). On the other hand, there are differences
between regional common definitions and their
contents. An example of this is the concept of func-
tion, which is described in German as the service of
the ecosystem for humans (Bastian and Schreiber
1994), but is mostly used in English as ‘functioning’
of the ecosystem (see below).

As the environmental debate presently as far is
largely determined by climate change and energy
policy issues in Central Europe, the concept of sus-
tainable development is overlayed by the ecosys-
tem service term (definition, » Chap. 1). The term
ecosystem service was introduced by Ehrlich and
Ehrlich (1981) respectively Ehrlich and Mooney
(1983). Probably in the knowledge of the, inter alia,
by Neef (1966) and Haase (1978) developed ap-
proach of ‘natural potential, van der Maarel and
colleagues designed in the Netherlands a ‘global-
ecological model’ (van der Maarel and Dauvellier
1978), which later was further developed to the ES
concept (Albert et al. 2012) by de Groot (1992) and
working groups in the USA (Daily 1997).

The ES concept has the political agenda to foster
awareness in society in regards to the position and
importance of the environment. This corresponds

to the choice of the metaphorical term ‘service,
which is subject to natural and legal persons in the
national economy as well as in the daily linguistic
usage, which provides the services (‘Nature as a ser-
vice provider’). Services or goods always have a spe-
cific purpose, usually according to an individual’s
requirement. Nature exerts negative effects on hu-
mans (so-called disservices), for example volcanic
eruptions, earthquakes, floods, or avalanches.

In the current scientific literature, mainly the
following definitions of ES are cited: ES are the con-
ditions and processes through which natural eco-
systems and the species they represent, sustain and
fill human life (Daily 1997); advantage or benefit
of ecological systems for humans (Costanza et al.
1997b; MEA 2005) or direct and indirect contribu-
tions of ecosystems to human well-being (de Groot
et al. 2010).

Other authors explicitly differentiate between
ES and the benefits from these, for example, Boyd
and Banzhaf (2007): ‘Benefits = the welfare the
services generate’. According to Boyd and Banzhaf
(2007) ES are ‘ecological components’ in physical
terms (not monetarily measurable). The authors ar-
gue things or characteristics as well as end products
of nature (i.e. in fact ‘goods’) that are consumed
directly or that can be enjoyed and produce human
well-being. They complain that many of the ser-
vices mentioned by Daily (1997) or the Millennium
Ecosystem Assessment (MEA 2005) are ecosystem
processes in fact. The simultaneous use of the terms
functions and services, without clarity to define
both and to distinguish from each other, is not un-
common (e.g. Vejre 2009; Willemen et al. 2008).

The definitions have in common that ES are
always defined by the societal view on the ecosys-
tem, biophysical processes, and functions (Fisher
et al. 2009). However, the authors provide different
views on how functions and ES can be differenti-
ated analytically and how they can be heuristically
distinguished between ES and the benefits or the
value of ES (Boyd and Banzhaf 2007; Wallace 2007;
Costanza 2008; Fisher et al. 2009; Loft and Lux
2010). Following and in particular in the context
of the case studies (» Sect. 6.1), common features
and definitional boundaries of the ES term and its
content will be further specified in relation to bio-
diversity and sustainability.
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= Ecosystem (Nature, Resources and
Landscape)
With focus on ‘nature), the ecosystem term (defini-
tion, » Chap. 1) has been established in the inter-
national ES debate. The term ‘nature services, pro-
posed by Westman (1977), did not gain acceptance.

An important basis for the ecosystem concept
was developed in the context of a major research
project carried out in West Germany in the 1960s
under the influence of a crisis, which was in rela-
tion to the forest dieback in the Central German
mountain ranges. The ‘Solling Project’ carried out
in Lower Saxony under the leadership of Heinz EI-
lenberg (1973) examined the structures, functions,
and processes of a Central European beech forest.
Since then the ecosystem has been understood as an
interactive structure between organisms and the en-
vironment, which is open to other systems, but dif-
fers from these in terms of its own structures and its
own composition (Haber 2004; Nentwig et al. 2004;
Steinhardt et al. 2011). Therefore, structures and
processes of the earth system at different levels of
scale play the main role in the ecosystem approach.

However, the resource term in the strictest sense
includes raw materials and energy, whereas in a
broader sense the natural basis of human life, such
as air, water, soil, flora, fauna, and the interactions
between them. The latter correspond to the (envi-
ronmental) protection goods of nature protection
in accordance with § § 1 and 10 of the German Fed-
eral Nature Conservation Act (BNatSchG 2009).
Natural resources are divided into renewable and
non-renewable. There is a differentiation from the
ES concept that focuses in general only on renew-
able resources (MEA 2005; » Chap.1).

As a metaphor for biotic and abiotic compo-
nents of the earth, the term natural capital is used.
In a broader sense, ecosystems, biodiversity, and
natural resources are included therein (BESWS
2010). Thereby the connection between nature and
economy and the generation of values for human
society due to the condition and processes of na-
ture should be expressed. Natural capital provides
as capital in kind a stock for services (Common and
Stagl 2005). ES can be regarded as components of
natural capital. The latter can be partially replaced
by work performance (e.g. water treatment), which
is associated with economic costs.
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One difficulty is to separate methodologically
explicitly between services of nature (ecosystem
processes, natural capital) and activities of humans
(means of production, technological processes,
human capital). Therefore Matzdorf and Lorenz
(2010) use the term ‘environmental services, as the
realisation of benefits (e.g. crops, biomass) of cul-
tural shaped ecosystems (arable land, grassland) in
addition to the ecological processes human work
and artificial matter input (farming, fertilisation,
maintenance, etc.) is required.

From landscape ecology and landscape plan-
ning the term landscape services was introduced
into the discussion (Termorshuizen and Opdam
2009; Grunewald and Bastian 2010; Kienast 2010;
Hermann et al. 2011; Albert et al. 2012), among oth-
ers, to assess better the spatial relationships of ES
or cultural landscapes with their characteristic ele-
ments (> Sect.3.4). In this regard, the question of the
usefulness of a further term is not entirely unjusti-
fied, especially as the decades-long and sometimes
controversial running discussions on landscape
cannot be overlooked and today there remains no
unanimity regarding the content and application of
the landscape concept, but there are quite differ-
ent patterns of interpretation. Thus, landscape can
be understood as a territorial entity a ‘manageable
space, which can be seen as positivistic (landscape
as an ecosystem complex; e.g. Neef 1967), and con-
structivistic (as an aesthetic phenomenon or even
mental construct; Leibenath and Gailing 2012) or
as a space of action (Blotevogel 1995, Kirchhoff et
al. 2012).

According to the MEA 2005, a landscape is
typically composed of a number of different eco-
systems, each generate a whole bundle of different
ES. Therefore, it is justified to identify landscapes
with similar or alike overall character (or to use as
reference units) in order to interpret their condi-
tions for effective and at the same time sustainable
use by society (Bernhardt et al. 1986; Hein et al.
2006; TEEB 2010).

Also, new terms such as ‘Green or Blue infra-
structure’ finally mean properties, functions, or
services that are provided through a network of
suitable ecosystems, with a particular focus on the
connectivity.
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= Potentials of Nature and Ecosystems

The ‘geographical concept of potential was in-
troduced in the German literature by Bobek and
Schmithiisen as early as 1949, initially as a ‘spatial
arrangement of naturally provided possibilities
for development. The technical literature more-
over contains such concepts as ‘natural potential
(Langer 1970; Buchwald 1973) and ‘natural perfor-
mance power’ (Buchwald 1973); Liittig and Pfeiffer
(1974) drew ‘maps of nature potentials’ (for related
attempts Durwen 1995 and Leser 1997). In botany,
the term ‘potential’ appeared in the form of ‘poten-
tial natural vegetation, which was an integral used
to indicate the totality of growth conditions at a
given site (Tiixen 1956).

By making natural landscape potentials scientific
categories and having them ascertained according to
specific parameters of natural processes, they can be
distinguished from natural resources, which repre-
sent an economic category (Mannsfeld 1983). Haase
(1973, 1978) oftered a way out of this hardly manage-
able complexity by suggesting that instead of a sum-
mary energy standard for a theoretically conceivable
overall potential specific factors (properties, indica-
tors) should be addressed in a particular case, and
so-called partial natural spatial potentials defined
with a clear focus on more specific socio-economic
or societal goals and basic functions. These would
include for example biotic yield potentials and regu-
latory potentials, water supply and disposal poten-
tials, and construction and recreational potentials.
The ‘concept of potential” assesses nature’s gifts from
the point of view of the potential user, by means of a
primarily scientific mode of operation. It elaborates
the service capacities of an ecosystem or physical
landscape as a field of options available to society for
use, and also to take into account resilience, which
limits or may even exclude certain intended uses
(Grunewald and Bastian 2010).

Parallel to that, van der Maarel (1978) and La-
haye et al. (1979) in the Netherlands addressed
‘landscape potencies, which might contribute to
the fulfilment of certain societal needs (!). The term
‘potential is also found e. g. in Bierhals (1988), Finke
(1994) and Durwen (1995), while e.g. Marks et al.
(1992) and Leser (1997) prefer the terms ‘service ca-
pability’ or ‘capacity’ of the landscape balance. The

international preferred term is ‘capacity’ of ecosys-
tems (to sustain a specific function) (e.g. Fiihrer
2000; Burkhard et al. 2012).

‘Land-use suitability’ on the other hand, focuses
more on a certain use claim, which is considered
primarily in societal, less in scientific terms. To de-
termine land-use suitability, reference to the type
of land use is definitely necessary (Niemann 1982).
According to Messerli (1986), land use represents a
‘decisive hinge position between societal and natu-
ral processes (B Fig. 2.4, » Chap.6), ... by mediating
as a link between processes in the socio-economic
and natural systems. It enables the transfer of pro-
cesses of an economic, social and cultural nature,
which are describable in factual dimensions, to
spatial dimensions, thus making them relevant
ecologically, and in a reversed direction, of ecologi-
cal, aesthetic and emotional information to society’
Land-use suitability can be seen ‘potentially’ (‘use
possibility’), e.g. the suitability of a field or a land-
scape for maize cultivation (without having maize
actually being cultivated there at present), or an ex-
isting maize field can be assessed as to whether it is
really suitable for such use, e.g. maize cultivation
might involve intolerable risks.

This is illustrated in B Fig. 2.1 exemplarily.
Thanks to the fertile loess soil, the Lommatzscher
Pflege landscape in Saxony not only has the po-
tential for productive agriculture, but that potential
has in fact long been used, so that it fulfils a societal
function (or provides ES). However, the increasing
intensification, particularly the expansion of rape-
seed and maize cultivation, is giving rise to conflicts,
e.g. with regard to protection of the soil and water
(erosion, eutrophication), species and biotope pro-
tection (reduction of biodiversity), and the value
of the landscape as an experience (monotony). The
hill fortification of Zschaitz, which was already set-
tled during the early Iron Age (800-500 B.C.), and
refortified once more during the tenth century AD,
is not suitable for agriculture-although it is at pres-
ent so used-since soil removal is severely damaging
this nationally significant archaeological site. Since,
unlike the crops produced in this area, ideational
or scientific values (or services) have no market, it
is difficult to gain acceptance for any restriction of
agricultural use.
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B Fig.2.1 The increasingly intensive use (= social function) of the fertile loess soils of Lommatzscher Pflege landscape in
Saxony (high production potential) leads to an impairment of archaeological sites on the plateau of the hill fortification of
Zschaitz by soil erosion © Olaf Bastian

= Functions

While potentials describe the possibility of the
use of nature, the reality of the use of nature is ex-
pressed in the functional concept. According to
this functional-spatial viewpoint, every part of the
earth’s surface fulfils societal functions. The Latin
term ‘function’ (fungi) generally means ‘carrying
out’ ‘managing’ or ‘task or ‘activity’ (Brockhaus
Encyclopaedia 1996).

Thus, Speidel (1966) described the multifarious-
ness of the functions of the forest, which benefit hu-
mankind, and which go far beyond wood produc-
tion. Niemann later designed a methodology for
ascertaining the degree of functional performance
of landscape elements and units (Niemann 1977,
1982). Preobrazhenski (1980) referred to the natu-
ral functions of landscape, De Groot (1992) gener-
ally to ‘functions of nature’ In spatial and regional
planning, functions are defined as ‘tasks which an
area is to fulfil for the needs of life of the people’
(ARL 1995). According to Wiggering et al. (2003),

the determination of the multiple ecological, social,
and economic functions of the landscape (multi-
functionality) in their regional differentiation is the
prerequisite for sustainable land use. The protec-
tion of efficacy and functionality is today provided
by, e. g. the German Federal Conservation Law and
the Federal Soil Protection Act.

However, the term ‘function’ is not used uni-
formly in the literature, frequently leading to ter-
minological uncertainties and misunderstandings
(Jax 2005). Thus, a purely ecological interpretation
is common, in the sense of ecosystemic ‘function-
ing’ or the ‘manner of function, as a scientifically
determined organisation of structural-procedural
contexts (e.g. food chains and nutrient cycles;
cf. Forman and Godron 1986, where function is
‘the interactions among the spatial elements, that
is, the flows of energy, materials, and species
among the component ecosysteny’). In the TEEB
study (TEEB 2009), functions are also regarded
as purely ecological phenomena. According to
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Costanza et al. (1997b), and in the MEA (2005),
functions can support ecosystem services (ES). For
Boyd and Banzhaf (2007), functions are ‘interme-
diate products’ of ES. Elid§ (1983) distinguished
between two basic groups of functions: ecological
functions (important for the existence of the eco-
systems, regardless of concrete societal use claims),
and social functions (which reflect societal needs).

Additional imprecisions of definition appear in
the widespread blurring of the difference between
function and potential. Thus, Marks et al. (1992)
refer to the ‘functions and potentials of the land-
scape balance’ without providing any logical, con-
clusive differentiation between the two. De Groot
et al. (2002) see ‘ecosystem functions’ as ‘the capac-
ity of natural processes and components to provide
goods and services which directly and/or indirectly
satisfy human needs.

Petry (2001) sees the distinction between func-
tions and potentials as a discussion within German-
speaking, geographically oriented landscape ecolo-
gy, which, while highlighting theoretical differences
in meaning, causes more confusion than clarity at
the international level, and with regard to applica-
tion. Mannsfeld too (in Bastian and Schreiber 1994)
noted: “A juxtaposition of the concept of natural
landscape potentials as a structural aspect, and the
performancev possibilities of the ecosystemic func-
tional viewpoint based on the gifts of nature, ...
shows that a sharp separation of the two approaches
is neither useful nor appropriate” Here, however,
the objection is that it is not at all inconsequen-
tial whether one refers to the capacity of ability to
render socially utilisable services (the potential
concept), or of its actual realisation, or the actual
rendering of such a service (the function concept).

The difference between potential and function
can be illustrated as follows, using an example: An
undeveloped South Sea island might have a high
recreational potential; however, its recreational
function will only be fulfilled if it is actually discov-
ered and visited by tourists.

@ Figure 2.2 shows a coastal section (ecosystem
and landscape) in Mecklenburg-Western Pomera-
nia. The recreational potential (possibility) is used
by many tourists (realisation of the recreational
function), and contributes to the well-being of the
visitors (beneficial relevance of ES).

Another example illustrates @ Fig. 2.3: Due to
centuries of withdrawal of fallen conifer needles as
straw for cattle stables (straw use: a function and
ES), the forest soils in question have been degraded,
accompanied by a reduction of its biotic yield po-
tential. Such forest forms have now become rare,
and represent not only a habitat for animal and
plant species in decline but also a valuable cultural-
historical relict of past methods of economic use-
with a potential for environmental education and
tourism that has hardly been utilised to date.

= Governance of ES
Spatial distributions and socio-economic aspects
are of particular interest for benefits and welfare ef-
fects of ecosystems in the sense of the ES approach.
This is reflected in @ Fig. 2.4 on the one hand by the
change of land use and on the other by the delta of
the incentive structures originated from the social
side. Conceptually, the ecosystem structures and
processes are related to ecology, the benefits and
values to social and economic sciences. ES should
be bridging both (for more details see » Sect. 3.1).
The control and regulating system for ES is not
only dominated by the State, so that the term gover-
nance comes into play. Governance refers not only
to the structure and process organisation of gov-
ernment, administration, and community but also
by private or public organisations (Ostrom 2011).
Governance processes take place at several levels
and need to be coordinated through the institu-
tions acting in accordance to the principles of (1)
accountability, (2) responsibility, (3) openness and
transparency of structures and processes, and (4)
fairness (Ostrom 2011; » Sect. 5.4).

Ecosystem Services (ES)

ES has become established as a conceptual frame-
work on the international stage. In German-speak-
ing countries the conceptual system is oriented to
functions and ‘objects of protection’ of nature so far
(BNatSchG 2009), so it should be adjusted and fur-
ther developed. Although the distinction between
functions, services and benefits, is to be regarded
as important especially for the economic evalu-
ation, often no consistent classifications can be
made, because smooth transitions, overlaps, and
different interpretations of these terms exist.
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B Fig.2.2 Many visitors use the recovery potential of the Baltic Sea beach in Kiihlungsborn-the potential has turned
to ES. The visitors have benefits (recreation, health). The potential remains depending on the ecosystem structures and
processes. © Karsten Grunewald

ES generate human well-being in combination
with the means of production and human capital.
The largest welfare effect results from the opti-
mum interaction between them. Individual ES can
be replaced by technology and labour up to a cer-
tain extent. At a complete loss, the welfare effect
is equal to zero and human existence cannot be
maintained. Changes in the natural capital of any
kind lead to changes of costs or benefits for ensur-
ing human well-being.

22  ESinRetrospect
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= Scientific-Historical Roots

Currently, the concept of ecosystem services is one
of the central themes in the scientific and environ-
mental policy debates over the goal of preserving
our natural resources. If, as stated above, this term is
meant to encompass the benefits that society draws

from the functions and capabilities of the ecosys-
tem, then it is important to consider the lengthy
evolution of the basic concepts behind this modern
terminology for a fundamental societal goal. First
empirically and then increasingly systematically,
humankind has experienced the benefits, poten-
tials, and also the risks and hazards associated with
the use of nature, and, with increasing knowledge,
has begun to put these insights to use.

A holistic view of our ambient spatial structures
as a synthesis of natural and societal processes is
indispensable in order to fully grasp the entire
context of ecosystem services. The earliest signs
for such a view can possibly be attributed to Ale-
xander von Humboldt (1769-1859), who, by means
of observation and measurement, sought to deter-
mine the ‘Totalcharakter’ (translating roughly as
total character) of the region of the earth, and who
therefore, in his later works, observed that only
research that keeps the balance between speciali-
sation and integration in nature as a whole could
guarantee the desirable conditions for human life.
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O Fig.2.3 Bizarre pines in the protected area Konigs-
briicke Heath, Saxony: Straw use has reduced the biotic
yield potential but formed the potential for environmen-
tal education and tourism. © Olaf Bastian

Hence, Humboldt’s basic concept of the character
of nature as a whole with reference to societal and
natural-scientific aspects is still a fundamental and
challenging question in the present day (Neef 1971).

Only shortly thereafter, Ernst Haeckel (1866),
who approached the issue from the biological point
of view, coined the term ‘ecology’ to describe this
‘interaction’ between the animate and inanimate
elements in nature; later, with Troll’s (1939) land-
scape ecology, the term would very consciously
incorporate the inseparable links between the bio-
logical and the geological components of our en-
vironment, by encompassing anthropogenic effect
factors, and thus describing and emphasising the
systemic context, which the theory of landscape
ecology saw in the effective connection between
nature, technology, and society (Neef 1967, p. 41).
Neef describes this complex as follows:

“Hence, landscape ecology, although oriented
toward the natural-scientific order of matter, must
incorporate all factors which stem from the work
of humankind and which will impact the natural
balance.”

In the decades after Humboldt’s death, the analy-
ses and interpretations of his ‘total character of
spatial phenomena on the Earth’s surface’ began
to increasingly-albeit hesitantly-consider the fac-
tor humankind, and, conversely, recognise the
positive and negative effects of natural factors on
human desires for utilisation. However, it was a
lengthy process for the research-historical uni-
lateralism, which only considered anthropogenic
effects in the landscape when they were clearly de-
pendent on the balance of nature to be overcome,
especially in geological and biological sciences.
One milestone in overcoming this deterministic
view with regard to the anthropogenic component
in the real environment was the influence of late
nineteenth-century economists on the theoreti-
cal conceptualisation of the footprint of human-
kind in nature and environment. They pointed
out a problem in the then-accepted views of the
relationships between humankind and nature, and
should therefore be seen as ‘contributors’ to today’s
modern ES concepts. Specifically, they emphasised
labour processes as the key factor in the interac-
tion between humankind and nature, by which
the necessary conditions for human existence
were generated and upheld-entirely on the basis
of natural and environmental conditions. In this
respect, we should mention not only Adam Smith,
Johann Heinrich von Thiinen and others, but also
Karl Marx in particular.

Marx used the term ‘metabolism between so-
ciety and nature’ to describe the category under
which he subsumed the role of humankind in with-
drawing those materials from the landscape which
were needed for its economic activity, so as to fulfil
the necessities of life. He wrote:

“Labour is, in the first place, a process in which
both man [sic] and Nature participate, and in
which man of his own accord starts, regulates, and
controls the material re-actions between himself
and Nature. He opposes himself to Nature as one
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of her own forces.” (Marx 1867; » https://www.
marxists.org/archive/marx/works/1867-c1/ch07.
htm)

In this context, he also pointed to the so-called
‘free services’ of nature, which positively affected
the process of this metabolism. He noted that, as
a result of the effects of natural forces-i.e. with no
labour effort-such services of nature as photosyn-
thesis, pollination, groundwater recharging, etc.
positively accompany this metabolism, and thus
substitute for human activity.

We can credit Carl Ritter (1779-1859; quoted in
Leser and Schneider-Sliwa 1999), with calling upon
the predominant specialised research activities in
the geographic disciplines not to neglect the practi-
cal interests of their results. Later, Alfred Hettner
(1859-1941) raised the postulate of a ‘practical geog-
raphy’ (Hettner 1927), the core statement of which
was to evaluate and predict the effects of human im-
pacts and changes on the basis of knowledge of the
causal contexts of natural processes. From that, he
drew the conclusion that such an evaluation should
primarily be derived from the given state of the nat-
ural systems in the cultural landscape, and that sci-
entifically grounded proposals for improving utili-
sation should include concepts to preserve and pro-

Identification and evaluation of ES as well as integration into instruments and incentive structures.

tect the forces of nature. His conceptual proximity
to the instrument of compensation/offsetting the
impacts of human use of natural resources—-which
is still in use today-or the environmental impact
assessment can hardly be overlooked.

The key realisation upon which this history-of-
science oriented reflection is based is that if Marx’s
metabolic process becomes critical, which is the
case today on both local and global levels, the ef-
fects caused by use processes must be ascertained
systematically and according to a number of differ-
ent standards. Otherwise, given the continued over-
taxing of nature’s ‘free services’ the healthy develop-
ment of ecosystems, i.e. a development subjected
to only low levels of disturbance and detrimental
interference, can no longer be guaranteed. In this
respect, it is no coincidence that the ES concept and
its numerous predecessors (see below) have placed
the preservation of the precious forces of nature at
the centre of their considerations.

With reference to the global character of the
growing imbalance between availability of natu-
ral resources and the degree of utilisation and the
resulting destruction of landscape structures and
their ecosystems, the report prepared by the World
Commission on Environment and Development
(WCED) at the end of the twentieth century gave
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a stern warning for humankind to reconsider its
dealings with nature from an economic, social and
ecological viewpoint. The core statement of the so-
called Brundtland Report (WCED 1987) is as fol-
lows: Sustainable development is a development
which meets the requirements of the present with-
out endangering the ability of future generations to
meet their own requirements.

This basic statement of sustainable develop-
ment has proven to be of great relevance with
regard to setting goals for a permanent environ-
mentally appropriate economic and social order.
On the other hand, there has to this day been no
feasible methodological concept following up on
this sustainability triad; it is largely a regulatory
idea, a guiding concept characterised by the ethi-
cal principle of generational justice. Nonetheless,
today the term carries significant meaning when-
ever policy-makers, business leaders or academics
employ it to identify the linkage between economic
development and ecological carrying capacity as a
major goal of today’s societal policy, so as to be able
to leave a liveable and usable environment to future
generations. Indisputably, the ES approach, which
is currently being widely discussed, is viewed as a
fundamentally suitable instrument for the imple-
mentation of the idea of sustainability.

m  The Substantive and Methodological
Precursors of ES

Especially, the German geographic community
has, by way of a number of small steps, begun to
approach the question of the extent to which it is
necessary and possible to refer to the service ca-
pacity of a natural abundance (natural balance)
which functions in a manner appropriate to the
ecosystem (> Sect. 2.1). One early source is an es-
say by Schmithiisen (1942) on site ecology and its
importance for the cultural landscape, in which he
explains that people use the service possibilities ex-
isting in the natural plan of a landscape to secure
their livelihoods, by drafting a ‘cultural service plan’
of natural and labour processes for distinguishable
spatial structures. A few years later, Bobek and
Schmithiisen (1949) designated ‘regional nature’
(Landesnatur; a term meaning the totality of natu-
rally provided interactive contexts) in the cultural
landscape as a range of potentials, and hence a spa-

tial pattern of arrangements for naturally provided
development possibilities (societal use intentions).
Schultze (1957) defined the suitability of certain
earth regions for use purposes even more concrete-
ly, and suggested that this determination of suit-
ability be reformulated into a determination of the
cultural-geographical potential of an area.

The growing exploitation of natural resources,
with the well-known consequences for the condi-
tion of ‘protected goods, as we would call them to-
day, confronted society and hence a number of sci-
entific disciplines with the task of seeking answers
and proposing solutions as to how to ascertain the
service capacity of natural systems and how to pre-
serve and secure them over the long term. Within
the geographic community which, as we know, has
to deal with hybrid material systems in the cultural
landscape surrounding us (abiotic, biotic and so-
cietal/cultural components), Neef (1966) presented
an initial study for the evaluation of the potentials
of natural systems, the essence of which involve the
idea of making all aspects of natural factors com-
parable with the anthropogenic creations in the
cultural landscape, and similarly capable of valua-
tion, by defining their various elements in terms of
energy content. He entitled this study in which he
describes the use of this energy content concept for
the elucidation of the relationships between natu-
rally related and economic components of societal
activity in the natural environment ‘Questions of
regional economic potentials, clearly highlighting
what he believed was involved. He saw it as an im-
portant part of this concept and also an absolute
necessity to transfer natural scientific findings into
societally familiar, i.e. primarily economic, catego-
ries if utility, sustainability, resilience and protec-
tion of natural resources were to be considered as
societal activities at all.

The epistemological phenomenon which he
describes as the ‘transformation problem’ became
part of the application-oriented foundations of
East German landscape research. Neef saw his pro-
posal as an important bridge towards objectifying
the various processes of nature and society, and
the transition from one causal area to another, and
towards making the metabolism between human
society and nature, which had up to that time been
described only as a fairly general phenomenon, us-
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able for such purposes as balancing-of-interests de-
cisions (Neef1969). Over 45 years later, the German
Federal Government’s Advisory Council on Global
Change (WBGU 2011) has now used the term trans-
formation research in a study titled Zukunftspro-
jekt Erde[The earth as a project for the future], al-
beit with a more specialised meaning-and without
mentioning the preceding ideas.

However, the proposed exclusive use of an en-
ergy scale (Neef 1966) lead to methodological dif-
ficulties of implementation, especially with regard
to the specific-use demands of society upon the
natural-spatial service capacity. The later propos-
als by von Haase (1973, 1978) provided a way out:
Instead of energy as the standard of measurement
for service capacity, a thorough analysis of the char-
acteristics of the ‘Naturkapital’ (natural capital) was
to be employed in order to evaluate the fulfilment
of basic societal functions. Only when the scien-
tific and social goals were clearly defined did ma-
terial and energetic properties of the services of
nature become ‘potentials, since they referred to
the specific distribution of such service possibilities
in the spatial context, ‘natural-spatial potentials’
(» Sect. 2.1). Thus, the concept is able to illustrate
not only the actual degree of tolerance towards so-
cietal utilisation, but also the resilience, especially
under the conditions of realistic multiple utilisa-
tions. The spatially differentiated service capacity of
nature suitable for societal development processes
has been defined as the natural-spatial potential.
Due to the different demands placed upon this ca-
pacity by society, it is, for methodological reasons,
structured into a number of sub-potentials (partial
natural spatial potentials), including for example:

The Biotic Yield Potential, or the capacity to

produce organic substances and to regenerate

the conditions for such production (site fertil-
ity).

The Biotic Regulation Potential, or the capacity

to sustain biological processes and to regulate

them once again after disturbances (the biodi-
versity aspect).

The Recreation Potential, or the capacity of na-

ture to contribute to the recreation and health

of people by psychological and physical effects.
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These brief examples describing the properties of
potentials indeed show that the occasionally uttered
opinion that the concept of natural spatial potential
puts too much emphasis on its natural-scientific el-
ements and fails to sufficiently capture societal or
economic aspects is unfounded. A broad range of
methodological procedures have been developed
by von Haase (1991), Jager et al. (1977), Mannsfeld
(1983), and others through which the advantages
and disadvantages of potential utilisation interests
can be clearly fleshed out on the basis of an initially
unbiased and value-neutral analysis of space. The
potential approach was at an early stage also adopt-
ed into the system of landscape management and
landscape planning (Langer 1970; Buchwald 1973;
Littig and Pfeiffer 1974).

Complementary to the derivation of suitability
for utilisation potentially provided by the abun-
dance of nature, a functional-spatial paradigm be-
gan to be developed, according to which certain
landscape spaces are to fulfill societal functions.
This involves not so much the functioning of eco-
systems as the scientifically determined organisa-
tion of structural procedural contexts (Forman and
Godron 1986). The German Federal Conservation
of Nature Law underscores in § 1 Item 5 the man-
date to preserve the service provision and function-
ality of landscapes (BNatSchG 2009).

Particularly Niemann (1977), also van der
Maarel (1978), Bastian (1991), de Groot (1992),
Marks et al. (1992), Durwen (1995), Willemen et
al. (2008) and others have addressed this func-
tional approach thoroughly and in great depth. As
a result, these and other authors have developed
often closely corresponding categorisations into
main and partial functions, for example produc-
tion (economic) functions, regulatory (ecological)
functions, and habitat (social) functions-a struc-
turing that clearly reflects a proximity to the three
pillars of the sustainability thought discussed ear-
lier. The more recently introduced suggestion to
follow a transparent action plan that seeks to secure
ES at the interface between conservation of nature
and societal/economic goals is based, similarly to
the landscape function concept, on the economic,
ecological, and sociocultural services provided by
ecosystems, and this pragmatic subdivision re-
flects a great conceptual proximity to fundamental
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concepts that were already conceived two or three
decades prior.

The concept of landscape functions was widely
accepted in West German landscape planning dur-
ing the 1980s (e.g. Langer et al. 1985), since it had
proven itself advantageous in communications
with political decision-makers (Albert et al. 2012).
However, landscape functions in general only see
those aspects of the landscape that are ignored by
the commercial markets, and hence need to be
managed by public planning (von Haaren 2004;
Albert et al. 2012).

The knowledge gained from landscape ecologi-
cal studies about the natural processes are generally
not suited for incorporation into economic calcu-
lations, due to which reason they are not usually
considered in spatial planning decisions. Hence, a
correct handling of the transition of natural quanta
into economic data (the transformation problem)
remains indispensable. Neef, in an essay published
in 1969, wrote the following in this regard:

“The role of natural functions in economic con-
texts, and the feedback effects of societal impacts
into the natural balance can only be properly un-
derstood if both are placed into a relationship with
one another. In order to derive a foundation for
the evaluation of natural potentials, it is necessary
to juxtapose the potential quanta to the effort of
societal labour that needs to be performed (Neef
1969)",

With the results of a large-scale exemplary project
involving the regions north of Dresden (Mannsfeld
1971) an attempt was made to find an economic
standard for the implementation of these basic
concepts. A method was developed to indirectly
ascertain the suitability of a natural space for agri-
cultural utilisation in terms of service capacity and
functionality by analysing its lack of suitability in
that regard. For this purpose, agricultural sites were
evaluated according to their deficits in terms of a de-
fined optimum (e.g. fertile loess soil), and the costs
of upgrading them to a higher level of yield were
ascertained. By multiplying the theoretical costs for
drainage or irrigation, removal of stones, fertilisa-
tion, deep-loosening of the soil, and humus enrich-
ment with the area shares of the respective sites, a
standard of comparison could be obtained that is

also expressive in financial terms. Even though this
process is quite involved, the approach itself might
serve as a real conceptual model for how the ‘wel-
fare services’ of natural potentials could be directly
translated into monetary quantities. However, the
example also shows that technological and human
labour inputs are made to optimise ES, and have
to be treated methodologically separately (in the
sense of ‘environmental services’ »Sect.2.1and 4.2).
Haber (2011) noted in this regard:

“A wheat field-or, for that matter, any other field
upon which corn, potatoes, or beets are grown-is
not an ecosystem from the ‘natural-ecological’
point of view, for no such thing could exist in
nature. It is an ‘artificial’ food production system
created by people; it would not and could not exist
without them, so that it does not really fit into the
concept of ecosystem services. Of course, it is put

together of natural components, [...]."

Ultimately, ecological economics claims to have
decisively contributed to the development of the
ES approach (Repke 2004, 2005), with its roots es-
pecially in the American scientific debate, which
should be more broadly considered with respect to
its cultural historical development framework and
its applicability to central Europe. The arguments
are made that the independent evolution of ecology
and economy and their growing apart into two spe-
cial and independent sciences is an ill development
that should be overcome (cf. the Full World Model
of the Ecological Economic System of Costanza
1997a), and that economics must learn from ecol-
ogy the limitations that human economic activity
must take into account in a non-growing biophysi-
cal world. Jetzkowitz (2011) notes in this context
that ecological economics, which sees nature as the
ultimate limiting characteristic for economic pro-
cesses, must be distinguished from neoclassical en-
vironmental economics. The latter, he argues, while
it does depend on the ES concept, nonetheless at-
tempts to economise nature as much as possible.
The ES concept found its way into the interna-
tional political limelight by way of the Millennium
Ecosystem Assessment (Synthesis Report, MEA
2005). The Report was drafted between 2001 and
2005 under the auspices of the UN, and coordinat-
ed by the UN Economic Program (UNEP). It pur-
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sues the goal of identifying the consequences from
changes in the ecosystems for human well-being
and to thus create the scientific basis for the neces-
sary activities for the sustainable use of the eco-
systems. For this purpose, no primary knowledge
was developed; rather, the report depended on the
existing scientific literature, relevant data and mod-
els, and knowledge from the private sector, local
communities and indigenous peoples. The acute
deterioration of no less than 15 of the 24 ES exam-
ined worldwide, and the resulting negative effects
on future human well-being, were a key message
of the report.

Based on the idea that the perception and ap-
preciation of nature changes when it is also per-
ceived from an economic point of view, novel
conceptual approaches have emerged in the envi-
ronmental and conservationist community which
are further discussed in » Chap. 5. In this context
we would like to refer to the study The Economics
of Ecosystems and Biodiversity (TEEB) carried out
in 2007 with the support of the German Federal
Ministry of the Environment. This was an impor-
tant international initiative designed to direct at-
tention towards the global utility of ecosystems and
to highlight the growing costs generated by the loss
of biodiversity and ES. In the reports, expert knowl-
edge from the scientific community, and business
and policy-makers were brought together in order
to develop concepts for sustainable solutions (re-
ports and information under » www.teebweb.org).

Even if one were to accept the premise that the
current ES approach places particular emphasis on
the preservation of biodiversity and the economic
valuation of the services of ecosystems, the relevant
literature on the procedural foundations (including
Costanza 1991; de Groot 1992; Daily 1997) contained
no reference to such conceptual models as ‘natural
spatial potential’ or ‘landscape functions’ Recently,
Gomez-Baggethun et al. (2010) argued that the
source of the ES concept is to be found in the late
1970s, and they refer primarily to Dutch, American
and Spanish authors. However, it would seem ap-
propriate to also identify the other intellectual and
methodological forerunners (see above), the credo
of whose research was that the intensive use of re-
generable, natural resources often has negative ef-
fects to such an extent that they could no longer-
without naivety-be seen as free services; rather, they
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should be accepted as natural assets of limited self-
generating capacity. Precisely this realisation has
opened the way to a systematic review of the service
capacity of nature, in order to be able to target and
implement a sustainable and optimal use of ES.

For today’s ES concept and the problems of its
implementation-such as the repeatedly mentioned
transformation from the material level to the val-
ues level, etc.—a look back at older methodological
approaches may provide necessary indicators. Eco-
systems and their services for society consist not
only of elements, such as sinks, regulators, or pro-
cesses, which function as a system, they also have a
spatial reference. A sufficient accounting for these
factors-as in Neef’s (1963) ‘theory of geographical
dimensions’-in the form of standardisation is still
absent, for small-scale overviews, while they may
be appropriate for awakening consciousness with
regard to the actual problems, are little suited for
providing concrete proof of spatial service avail-
ability. A methodological differentiation of the ES
approach into local/regional and global scopes of
standards is hardly apparent, although it would be
necessary, e.g. for the categories of ecological plan-
ning. But also the already discussed concepts of
natural spatial potentials and landscape functions
currently lack any adequate ‘knobs’ to properly
handle and incorporate the continually emerging
use of nature-dependent changes in ecosystem
quality-e.g. in climate change. The ES concept,
even in its international dimension, will only be
successful in preventing further overuse and even
destruction of the free services of nature if such and
similar fundamental methodological questions are
settled and taken into account.

23 Values and Services of Nature
for Humans

K. Grunewald and O. Bastian

‘Better living and increase our wealth; are important
drivers of human existence. Nature provides the
basis for that and is considered to be a significant
growth generator, which brings prosperity to the
extent that its elements are protected and devel-
oped (Jessel et al. 2009). Human societies require
resources from nature. The regional value creation
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in agriculture, forestry and fisheries, measures of
landscape management, or tourism in national
parks and other protected areas are solid economic
variables of society. However, renewable resources
such as food, wood or fiber are counted as ecosys-
tem services and goods but not fossil row materials
such as oil or coal (» Sect. 2.1).

There is also the benefit that individuals or
society derive from a variety of indirect (support-
ing) services of nature: maintenance of soil fertility,
biodiversity, clean air, fixation of carbon by photo-
synthesis, groundwater recharge, nitrogen fixation,
aesthetically attractive landscapes and the innova-
tion potential of nature for technical innovations or
pharmaceutical development.

= Values and Value Shift

An effective, yet democratically legitimised sustain-
ability policy must be accepted by the majority of
people to give consent and enable people to par-
ticipate. One aspect of the eco-ethical value level is
that ‘nature is full of values, which are subsequently
discovered and recognised by valuing people (Ott
2010). Accordingly, basic values are assessments
that are shared by the vast majority of the popula-
tion. This includes in principle the benefit foun-
dations of ES (health, food provisioning, security,
etc.). Basic values can be associated with standards
and-important for ES-collective goods.

— Values

are in the sense of Emanuel Kant, what is
highly valued, what is respected, what is dear
to us. Societies are always also a community of
values, i.e. a society without value orientations
is not conceivable. People feel bound by and
to values, but at the same time they are not
unfree to act or transform their value systems
(apparent paradox according to Joas 1997).
Values affect wishes, interests, and preferenc-
es. However, a value is not a standard or rule.
Value orientations describe relatively stable
preferences with respect to different values

of individual persons (Hacker and Stapf 1994).
They are always linked to a cultural and social
context and need negotiations and disputa-
tions in pluralistic societies.

Banzhaf and Boyd (2012) refer to a fundamental
difference between ES (per se) and the values they
present. ES are biophysical qualities and quantities
that are directly related to market goods and ser-
vices. It is initially not an evaluation in the strictest
sense. This occurs only when a stronger relation to
a benefit is given, especially on monetary values.
Following value concepts are to be distinguished
with reference to biodiversity (Potthast 2007):
Exchange value: economic; measures the value
of an object against which you can trade on the
market; measuring value is usually the price,
which does not necessarily say something
about the ‘real’ value.
Value in use: instrumental; ‘useful for some-
thing...; biodiversity is valuable because of its
function as a resource for human economic
purposes; substitutability as an essential fea-
ture of the value in use; monetised utility
values are substantial arguments-but more
important than their absolute level is their
distribution.
Intrinsic value: inherent; biodiversity has in-
trinsic value for me when I appreciate them for
their own sake, not for their use of sake, simply
because they exist (existence value), because it
has for me biographical or cultural significance
(reminder value, home), because it is unique
and special (character), because it allows expe-
riences for me (e.g. wilderness), because it is to
be preserved for posterity (‘heritage’) (bequest
value); intrinsic values evades a monetisation
in principle, but they are communicable, that
means, they are comprehensible for others,
they need to be weighed with each other and
against each other; and the value lies in the
specific relationship.

While an anthropocentric basic position, according
to persuasive environmental and nature conserva-
tion rationales finally must always refer to human
interests, needs, etc. (‘nature conservation is hu-
man protection’), represents a natural or physio-
graphic focused position the view that some or all
of the natural beings are to be protected for their
own sake (ethical naturalism, according to which
the various natural objects or in the sense of this
position ‘natural subjects’ have an intrinsic value,



Value of City Trees

Even if they are planted by people
and their habitats are not very
close to nature—city trees provide
numerous services and benefits.
They sequester CO, and produce
0,, improve the urban climate,
generate biomass, serve wildlife
(e.g. birds, bats, insects) as habitat
and enhance the scenery of cities.
Furthermore, urban districts with
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residential property. Trees contrib-
ute to the natural experience of

the urban population and generate
emotions, for example by flowers
and leaves sprouting in spring or
by colourful fall foliage. In this case,
not everything is perceived as a
whole positive by the population
(e.g. falling leaves or bird droppings
under the trees).
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The example of city trees also
shows that it is neither possible nor
useful to calculate all these services
in euros. However, a quantifica-
tion-Where city green is missing,
how does it evolve (see, e.g. city of
Berlin; Hermsmeier and Marrach
2012)-and in individual cases also
monetisation, can raise awareness
in dealing with nature.

lots of trees increase the value of

which is in doubt validity also independent of hu-
man interests). The pathocentrism (Teutsch 1985)
recognises only pain-sensitive beings (humans and
higher animals) have this intrinsic value. The bio-
centrism, however, gives it to all living things, while
holism to all of nature involved (even inanimate
and system wholes), so the landscape. The German
Federal Nature Conservation Act (BNatSchG 2009,
§ 1) expressly refers to the “protection of nature and
landscape due to their inherent value and for future
generations’.

Focusing too much on one of the two basic po-
sitions is not helpful, since one would be a ‘natural-
forgotten anthropocentrism, the other a ‘forgotten
human environmentalism’ It is finally the second-
ary sources from which comes the moral justifica-
tion for the protection of nature (and landscape),
if more from religious or secular reasons. A seri-
ous respect to anthropocentric nature conservation
obligations would have approximately the same
results as the strictest compliance of biocentric or
theological rules—nature would just as well be pre-
served (Ott 2010).

Ott (2010) proposes pragmatic solutions to the
‘self-value problem’ He argues finally that not too
much is to be focused on the question “whether all
the grains of sand, every drop of water, all the blades
of grass, all soil bacteria, all blueberries, all squid,
etc. have a self-value”. All this distracts from the
actual environmental challenges (climate change,
water supply, agriculture and fisheries, protection
of forests and wetlands, wildlife conservation, and
ecological urban redevelopment).

Value is generated in various relationships and
interactions between humans and nature, which
happen less and less successfully in our mechanised
and increasingly urban world. Not all of these re-
lationships and interactions are adequately ad-
dressed as ‘utilisation’ Subjective, qualitative value
judgments are sometimes more meaningful than
(often supposedly) objective, quantitative values
(» Chap. 4).

Since the beginning of modern times atti-
tudes and positions designed for individual utility
maximisation have prevailed. We have got used in
today’s industrial society that the basic resources
for life, the daily supply of food, water, and all the
necessities of civilisation have become a matter of
course (Haber 2011). With the advent of industrial
mass production ‘good life’ was increasingly equat-
ed with material wealth (WBGU 2011). Rational
cost-benefit calculations provide in industrial so-
cieties such as Germany action-bearing patterns of
interpretation. Thus, money and monetary values
are of paramount importance in our economically
driven world. Money is among other things a sym-
bolic medium, it is also for nature conservation. But
it must not be an end in itself but only a means to an
end in the sense of social benefit.

Appreciations for ES (Ott 2010):

can be evaluated by surveys (e.g. the accep-

tance of nature conservation),

articulate themselves within value judgments

(“T like mountains rather than the sea?”),

are of different intensities (e.g. different feel-

ings at the sight of a sunset or a spider-graded

joy, happiness, aversion, indifference, etc.).
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Commons Don't Simply Exist; They are Created

Silke Helfrich (in Ostrom 2011),
writes:

‘Resources are free. They know
neither property rights nor borders.
Resources do not know if we need
them to live or if we don't. We,
however, are tied in one way or
another to these things: to limits,

to ownership and-above all-to
resources themselves. The old Ger-
man word for commons, ‘Allmende),
preserves this nexus for us, because,
‘Allmende’ derives from words for
‘all’and ‘community’; according to
language historians. Thus the term
itself conveys the core challenge

of the commons debate: Everyone
who belongs to a particular com-
munity and collectively uses its
resources needs to agree on how to
share. But to agree on usage rules
for resources and monitor their
compliance is anything but ‘child’s
play"

However, according to a survey of the Emnid
Institute on behalf of the Bertelsmann Foundation
published in autumn 2010 (Bertelsmann Founda-
tion 2010) a value shift is to be noted. Thus, growth
and material prosperity isn't (no longer) every-
thing: a prosperity which is bought by damaging
the environment or high national debt, more than
80 %, are principle that Germans do not accept.
Nine out of ten people are demanding a new
economic order which takes the social balance
and the careful handling of our livelihoods and
finances stronger into account.

Conclusion

A mere economic efficiency focused policy seems
to have lost its appeal and plausibility. However,
the perception of the problem leads not automati-
cally to “right choices” of people, for example to
environmentally friendly actions (Kuckartz 2010).
This is partly caused due to lack of long-term orien-
tation and loss aversion (WBGU 2011), on the other
hand, goods and services of nature are mostly ‘pub-
lic goods’ characterised by non-excludability and
non-rivalry (» Table 3.5). The recreation effect of
landscapes, biodiversity as gene pool or ‘intrinsic
value’ are examples of public goods in the sense of
the ES concept. In case of such goods and services
it is best for the individual, if he profits, but is not
involved in providing (‘free riders’). Those who wish
to participate in principle to the provision fear that
due to the ‘free rider’ only a minimal level of provi-
sion at high individual costs comes about, so it is
not worth participating in the provision (‘the real-
ists’). In addition, one does not want to be the fool
who participates in the provision, and the other free
benefit (‘those who do not want to be exploited’).

The uncompensated impact of economic decisions
on unaffiliated market participants is referred as an
external effect in economics. External means that
the effects (side effects) of a behaviour are not ad-
equately reflected in the market. They are not in-
cluded in the calculation or decision of a causer.
In economic terms they are a cause of market fail-
ure and thus government intervention can become
necessary. Negative externalities are also referred to
as external or social costs, positive externalities as
external benefits or social income (Mankiw 2004).

= Implementation of Biodiversity and ES

The aim of the ES concept is to prioritise and to
assess services of nature, in particular also in mone-
tary terms (cost-benefit calculation) to advocate for
economic reasons the conservation of nature (Jessel
et al. 2009). As attractive and new this approach
may be, it must be complemented by the ethical
principles of protecting nature for its own sake, laid
down in the German Federal Nature Conservation
Act (BNatSchG 2009, § 1).

ES are supported by markets if their base prod-
ucts are manufactured (free market, such as purely
agricultural products). Many public goods and
services are, however, exploited, overused and de-
stroyed because market mechanisms do not work
(‘market failure’). Here, market-based instruments
can help-if they are placed correctly-to create in-
centives for codes of behaviour. Currently, there are
two main economic instruments for environmental
policy in order to maintain and enhance ES and
thus biodiversity:

1. Positive incentives aimed to make nature and
environmental protection lucrative in financial
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Can Biodiversity and Cultural Landscape be Profitable?

Nature and landscape are scarce
resources, as well as public goods,
which in many cases are beyond
conventional market mechanisms
(allocation of public goods, market
failure). Maintenance of a stone wall
landscape in the Ore Mountains or
the old wine cultural landscape in
the Elbe valley near Dresden is la-

terms (example: remuneration of special envi-
ronmental services from agriculture);

2. Negative price signals in form of price control
(user fees, environmental taxes, compensation)
or quantity control (example: CO,-emission
certificates), which increase the costs of envi-
ronmentally damaging behaviour.

Ideally, a ‘common good market’ is developing, e. g.
for landscape maintenance. In this context the in-
stitutional side is important. In general, the State
must act as buyers of services of general interest,
and it must also be a ‘provider’ of the service, for
example, in the form of a farm or landscape main-
tenance associations (» Sect. 6.5).

Biodiversity and many ES have not been cal-
culated in conventional economic evaluations and
were generally accepted as free of charge. However,
these services have a high value but which can be
determined often only indirectly, as it is only inad-
equately reflected in markets and prices. Scientists
make every effort to assign a real value to natu-
ral capital. Examples are illustrated in Jessel et al.
(2009) or TEEB (2010). In all questions concern-
ing the methodological and assessment approach-
es, the attempt is to recognise ES and not only to
address it, but to quantify and evaluate them in a
holistic manner, so that they are comparable with
economic goods.

Economists use the concept of ‘total economic
value’ to determine the economic value of ecosys-
tems and biodiversity (» Sect. 4.2.2). It includes both
the ‘potential’ and ‘real use values’ as well as the so-
called nonuse values. This means that the economic
evaluation of natural captures are not only the direct

bour and cost-intensive. Who would
want to process the steep slopes
mechanically and effectively, would
have to destroy the dry stone walls.
But so the charm of the landscape
would be lost. A simple profit and
loss account almost always ends up
in the red. It is the duty of society/
the state to preserve such heritage

in financially reasonable limits. The
return is in an identity-creating
landscape with a high feel good fac-
tor for locals and visitors. This re-
quires an intersubjective agreement
on drafts for future, the resilience of
ecosystems but also about the cost.

benefits of nature. The economic value of a good or
service results from the appreciation by individuals
and the scarcity of the resource and must not neces-
sarily be monetary. Empirical studies show that the
nonuse values often account for the largest part of
the human appreciation for threatened ecosystems.
For this, however, no tax is paid as a general rule,
which means, users of nature are not adequately
involved in the coverage of costs. The ES concept
is seen as a promising way to achieve substantial
improvements regarding this dilemma.
Potthast (2007) points out the limits of the com-
modification of biodiversity (» Sect. 4.2). He calls:
Moral limitations: What commodification?
Clarification of the normative presuppositions,
man and nature images.
Methodological limitations: determining the
‘right’ monetary value for nature as home or
for feelings. What can be ‘measured’ and how
does it correlate with actions?
Empirical limitations: feasibility and limits
of determination of all partial sums of total
economic value. Commodification and mon-
etisation are always partial and task-/interest-
related.
Strategic limitations: complete substitutability
(by money) is objectively and strategically
wrong; option of complete renunciation always
threatens, if the price is too low or high.
Political limitations: a rationally well-founded
price of nature does not provide the security
of conservation. Economic rationality is not
regularly correlated with appropriate political
rational decisions, which is the case individu-
ally and socially.
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B Table2.1 Overview of concepts for welfare and sustainability measures. (Source: WBGU 2011)

Type of the measurement
concept

Extensions of GDP: monetised
indicators/indices

Extensions of GDP: integrated
environmental and economic
accounting/satellite systems

Non-monetised indicators/
indices

Composite indicators/indices
(integration of monetised and
non-monetised values)

Name of the index/indicator

Measure of economic welfare

Index of sustainable economic
welfare (ISEW)

Genuine progress indicator (GPI)

Full costs of goods and services
(FCGS)

National welfare index + (NWI)

Integrated environmental and
economic accounting/UN system
of environmental and economic
accounting (SEEA)

Ecological footprint

Living planet Index

Human development index (HDI)
Index of economic well-being
Happy planet index®

KfW-Nachhaltigkeitsindikator
(sustainability indicator)

Sustainable development indica-
tors (Eurostat)

Index of economic freedom

Environmental sustainability
index (ESI)

Environmental performance
index (EPI)

Gross national happiness? (GNH,
Bhutan)

Canadian index of well-being?
(CIw)

Corruption perception index
(CPI)

National accounts of well-being?

aIndex encloses subjective indicators

Economical
dimension

Bis

RS

Social
dimension

48

B

Ecological
dimension

45

EE
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= Welfare and Sustainability Measurement

The search foralternatives to gross domestic product
(GDP) as a welfare indicator is an expression of
change in values. Current concepts are presented
in @ Table 2.1; in each case the sustainability dimen-
sions are assigned.

The GDP per capita is a measure for all econom-
ic activities transacted on markets and in monetary
terms. Goods and services which have no market
prices or real traded—as most ES—are not recorded
in GDP. A rising GDP leads not automatically to an
increase in subjective well-being (Inglehart 2008).

The debate on the latest indicators shows on
the one hand that measure for welfare and sustain-
ability are necessary beyond the GDP and will be
developed (B Table 2.1). On the other hand, the
political decision on which an alternative is given
preference is still under discussion. This depends
on the orientation of the goals as well as on data
availability and data quality. Thus, for example, the
introduction of an ‘ecosystem index’ by the Ger-
man Federal Statistical Office failed, because this
was scientifically not tenable (Radermacher 2008).
Here too, new, especially methodological impulses
are expected regarding the ES concept.

Implementation of ES

It is the intention to give environmental policy better
strategic orientation, focusing on the benefit of the
people. ES deliver such benefits, e.g. recreation ser-
vice for health and well-being or protection against
floods for the security needs. Economic arguments
are intended to supplement the classical ethical ra-
tionales for conservation, without replacing them.
In addition to economic values (based on efficiency
and cost-effectiveness) there are always environ-
mental values (based on ecological sustainability/
load capacity), and sociocultural values (based on
justice and perception as well as ethical consider-
ations) necessary. Decisions on land use, for example
in connection with the energy turnaround in Ger-
many, with all its normative questions are concerned
with genuinely ethical and legal dimensions and de-
termine much about the future structure and func-
tion of ecosystems, the existence and spread of ani-
mal and plant species as well as the life chances of
people. All this poses great challenges for the analy-
sis of ES and their complex, integrative evaluation.

31 2

References

Albert C, von Haaren C, Galler C (2012) Okosystemdienst—
leistungen. Alter Wein in neuen Schldauchen oder ein
Impuls fur die Landschaftsplanung? Naturschutz und
Landschaftsplanung 44:142-148

ARL-Akademie fir Raumforschung und Landesplanung (ed)
(1995) Handbuch der Raumordnung. Hannover

Banzhaf HS, Boyd J (2012) The architecture and measurement
of an ecosystem services index. Sustainability 4:430-461

Bastian O (1991) Biotische Komponenten in der Landschafts-
forschung und -planung. Probleme ihrer Erfassung und
Bewertung. Habilitations-Schrift Martin-Luther-Univer-
sitat Halle, Wittenberg, 214 p

Bastian O, Schreiber KF (eds) (1994) Analyse und 6kologische
Bewertung der Landschaft. G Fischer, Jena. (2., erheblich
veranderte Aufl. 1999. Spektrum Akademischer Verlag,
Heidelberg)

Bernhardt A, Haase G, Mannsfeld K, Richter H, Schmidt R
(1986) Naturrdume der sachsischen Bezirke. Sachsische
Heimatblatter 4/5

Bertelsmann-Stiftung (2010) Biirger wollen kein Wachstum
um jeden Preis. » www.bertelsmann-stiftung.de/cps/
rde/xchg/SID-1CE81901-A2FDE973/bst/hs.xsl/nachrich-
ten_102799.htm. Accessed 5 Jan 2011

BESWS-Biodiversity and Ecosystem Service Work Stream
(2010) Demystifying materiality: hardwiring biodiver-
sity and ecosystem services into finance. UNEP FI CEO
Briefing, Genf

Bierhals E (1978) Okologischer Datenbedarf fiir die Land-
schaftsplanung. Landschaft und Stadt 10:30-36

Blotevogel HH (1995) Raum. In: Akademie fiir Raumfor-
schung und Landesplanung (ed) Handw®érterbuch der
Raumordnung. ARL, Hannover, pp 733-740

BNatSchG-Bundesnaturschutzgesetz (2009) Gesetz liber
Naturschutz und Landschaftspflege. BGBI. I, p 2542

Bobek H, Schmithiisen J (1949) Die Landschaft im logischen
System der Geographie. Erdkunde 3:112-120

Boyd J, Banzhaf S (2007) What are ecosystem services? The
need for standardized environmental accounting units.
Ecol Econ 63:616-626

Brockhaus Enzyklopadie (1996) 20., 2nd edn., Gutersloh

Brouwer R, Oosterhuis FH, Ansink JH, Barton DN, Lienhoop
N (2011) POLICYMIX WP4: Guidelines for estimating
costs and benefits of policy instruments for biodiversity
conservation. POLICYMIX Technical Brief 6. » http://
policymix.nina.no

Buchwald K (1973) Landschaftsplanung und Ausfiihrung
landschaftspflegerischer MaBnahmen. In: Buchwald K,
Engelhardt W (eds) Landschaftspflege und Naturschutz
in der Praxis. BLV-Buchverlag, Miinchen

Burkhard B, Kroll F, Nedkov S, Miiller F (2012) Mapping sup-
ply, demand and budgets of ecosystem services. Ecol
Indic 21:17-29

Common M, Stagl S (2005) Ecological economics. An intro-
duction. Cambridge University Press, Cambridge


http://www.bertelsmann-stiftung.de/cps/rde/xchg/SID-1CE81901-A2FDE973/bst/hs.xsl/nachrichten_102799.htm
http://www.bertelsmann-stiftung.de/cps/rde/xchg/SID-1CE81901-A2FDE973/bst/hs.xsl/nachrichten_102799.htm
http://www.bertelsmann-stiftung.de/cps/rde/xchg/SID-1CE81901-A2FDE973/bst/hs.xsl/nachrichten_102799.htm
http://policymix.nina.no
http://policymix.nina.no

32 Chapter 2 - Development and Fundamentals of the ES Approach

Costanza R (ed) (1991) Ecological economics: the science
and management of sustainability. Columbia University
Press, New York

Costanza R (2008) Ecosystem services: multiple classification
systems are needed. Biol Conserv 141:350-352

Costanza R, Cumberland JC, Daly HE, Goodland R, Norgaard
R (1997a) An introduction to ecological economics. St.
Lucie Press, Boca Raton

Costanza R, d’Arge R, de Groot RS, Farber S, Grasso M, Han-
non B, Limburg K, Naeem S, O’Neill R, Paruelo J et al.
(1997b) The value of the world’s ecosystem services and
natural capital. Nature 387:253-260

Daily G (ed) (1997) Nature’s services: societal dependence on
natural ecosystems. Island Press, Washington DC

de Groot, RS (1992) Functions of nature: evaluation of nature
in environmental planning, management and decision
making. Wolters-Noordhoff, Groningen

de Groot RS, Wilson M, Boumans R (2002) A typology for
description, classification and valuation of ecosystem
functions, goods and services. Ecol Econ 41:393-408

de Groot R, Fisher B, Christie M, Aronson J, Braat L, Gowdy J,
Haines-Young R, Maltby E, Neuville A, Polasky S, Portela
R, Ring I (2010) Integrating the Ecological and Economic
Dimensions in Biodiversity and Ecosystem Service Valu-
ation. In: Kumar P (ed) The Economics of Ecosystems
and Biodiversity: Ecological and Economic Foundations.
Earthscan, London, Washington, S 9-40

Durwen KJ (1995) Naturraum-Potential und Landschaftspla-
nung. (Landschaftsokologie und Vegetationskunde als
Grundlage der Landnutzung). Nirtinger Hochschul-
schriften 13:45-82

Ehrlich PR, Ehrlich AH (1981) Extinction: The causes and
consequences of the disappearance of species. Random
House, New York

Ehrlich PR, Mooney HA (1983) Extinction, substitution, and
the ecosystem services. BioScience 33:248-254

Elias P (1983) Ecological and social functions of vegetation.
Ekoldgia (CSSR) 2:93-104

Ellenberg H (1973) Die Okosysteme der Erde: Versuch einer
Klassifikation der Okosysteme nach funktionalen
Gesichtspunkten. In: Ellenberg H (ed) Okosystem-
forschung. Springer, Berlin, S 235-265

Ellenberg H, Zeller O (1951) Die Pflanzenstandortkarte am
Beispiel des Kreises Leonberg. Forschungs- u. Sitzungs-
bericht der Akademie fiir Raumforschung u. Landespla-
nung Il, Hannover, S 11-49

Finke L (1994) Landschaftsokologie. Das geographische
Seminar, Braunschweig

Fisher B, Turner RK, Morlin P (2009) Defining and classify-
ing ecosystem services for decision making. Ecol Econ
68:643-653

Forman RTT, Godron M (1986) Landscape ecology. Wiley,
New York

Fry G (2000) The landscape character of Norway-land-
scape values today and tomorrow. In: Pedroli B (ed)
Landscape-our Home. Lebensraum Landschaft, Indigo
Zeist, S 93-100

Fuhrer E (2000) Forest functions, ecosystem stability and
management. For Ecol Manage 132:29-38

Gomez-Baggethun E, de Groot R, Lomas PL, Montes C (2010)
The history of ecosystem services in economic theory
and practice: from early notions to markets and pay-
ment schemes. Ecol Econ 69:1209-1218

Grunewald K, Bastian O (2010) Okosystemdienstleistungen
analysieren-begrifflicher und konzeptioneller Rahmen
aus landschaftsékologischer Sicht. GEOOKO 31:50-82

Haase G (1973) Zur Ausgliederung von Raumeinheiten der
chorischen und der regionischen Dimension-dar-
gestellt an Beispielen aus der Bodengeographie.
Petermanns Geogr Mitt 117:81-90

Haase G (1978) Zur Ableitung und Kennzeichnung von
Naturraumpotenzialen. Petermanns Geogr Mitt
22:113-125

Haase G (1991) Naturraumerkundung und Bewertung des
Naturraumpotentials. Schriftenreihe des dt. Rates fuir
Landespflege 59, Hannover, pp 923-940

Haaren C von (ed) (2004) Landschaftsplanung. UTB, Eugen
Ulmer, Stuttgart

Haber W (2004) The ecosystem-power of a metaphysical
construct. Schriftenreihe Landschaftsékologie Weihen-
stephan 13:25-48

Haber W (2011) Umweltpolitikberatung-eine personliche
Bilanz. Studienarchiv Umweltgeschichte 16:15-25.
» www.iugr.net

Haeckel E (1866) Generelle Morphologie der Organismen.
G. Reimer, Berlin, 2 vol (Anatomie der Organismen und
Entwicklungsgeschichte der Organismen)

Hacker H, Stapf KH (1994) Dorsch: Psychologisches Worter-
buch. Hans Huber, Bern

Hein L, van Koppen K, de Groot RS, van lerland EC (2006)
Spatial scales, stakeholders and the valuation of ecosys-
tem services. Ecol Econ 57:209-228

Hermsmeier L, Marrach K (2012) Schauen Sie mal, wie griin
lhr Bezirk ist. Neue Zahlen vom Berliner Senat: In
Steglitz-Zehlendorf stehen die meisten StraBenbdume.
BZ-Berliner Zeitung vom 25. Mai 2012

Hermann A, Schleifer S, Wrbka T (2011) The concept of eco-
system services regarding landscape research: a review.
Living Rev Landscape Res 5. » http://landscapere-
search.livingreviews.org/Articles/Irlr-2011-1/. Accessed
1. April 201

Hettner A (1927) Die Geographie-ihre Geschichte, ihr Wesen,
ihre Methoden. Hirt-Verlag, Breslau, 466 S

Inglehart R (2008) Changing values among western publics
from 1970 to 2006. West European Politics 31:130-146

Jax K (2005) Function and “functioning” in ecology: what
does it mean? OIKOS 111:641-648

Jager KD, Mannsfeld K, Haase G (1977) Bestimmung von
partiellen und komplexen Potentialeigenschaften fir
chorische Naturrdume. (Methoden und Beispielsun-
tersuchungen). F/E-Bericht, Institut f. Geographie u.
Geodkologie, Leipzig, Séchsische Akademie der Wis-
senschaften, Leipzig, 125 p


www.iugr.net
http://landscaperesearch.livingreviews.org/Articles/lrlr�2011�1/
http://landscaperesearch.livingreviews.org/Articles/lrlr�2011�1/

References

Jessel B, Tschimpke O, Waiser M (2009) Produktivkraft Natur.
Hoffmann und Campe, Hamburg

Jetzkowitz J (2011) Okosystemdienstleistungen in sozio-
logischer Perspektive. In: Gro3 M (ed) Handbuch
Umweltsoziologie. VS Verlag fir Sozialwissenschaften,
Wiesbaden, S 303-324

Joas H (1997) Die Entstehung der Werte. Suhrkamp, Frankfurt
a. M.

Kienast F (2010) Landschaftsdienstleistungen: ein taug-
liches Konzept fiir Forschung und Praxis? Forum fiir
Wissen:7-12

Kirchhoff T, Trepl L, Vicenzotti V (2012) What is landscape
ecology? An analysis and evaluation of six different
conceptions. Landscape Res. doi:10.1080/01426397.2011
640751

Kuckartz U (2010) Nicht hier, nicht jetzt, nicht ich-Uber die
symbolische Bearbeitung eines ernsten Problems. In:
Welzer H (ed) KlimaKulturen: soziale Wirklichkeiten im
Klimawandel. Campus, Frankfurt a. M., pp 144-160

Lahaye P, Harms B, Stortelder A, Vos W (1979) Grundlagen fur
die Anwendung landschaftsokologischer Erkenntnisse
in der Raumplanung. Verh Ges Okol 7:79-84

Langer H (1970) Zum Problem der 6kologischen Landschafts-
gliederung. Quaest Geobiol 7:77-95

Langer H, von Haaren C, Hoppenstedt A (1985) Okologische
Landschaftsfunktionen als Planungsgrundlage-ein
Verfahrensansatz zur raumlichen Erfassung. Landschaft
+ Stadt17:1-9

Leibenath M, Gailing L (2012) Semantische Anndherung
an die Worte “Landschaft” und “Kulturlandschaft”. In:
Schenk W, Kiihn M, Leibenath M, Tzschaschel S (eds)
Suburbane Réume als Kulturlandschaften. ARL, Han-
nover, pp 58-79

Leser H (1997) Landschaftsokologie. 4. edn. Eugen Ulmer,
Stuttgart, 644 p

Leser H, Schneider-Sliwa R (1999) Geographie: Eine Einfiih-
rung. Westermann, Braunschweig

Loft L, Lux A (2010) Ecosystem Services-Okonomische Ana-
lyse ihres Verlusts, ihre Bewertung und Steuerung. BiK-F
Knowledge Flow Paper 10

Luttig G, Pfeiffer D (1974) Die Karte des Naturraumpoten-
tials. Ein neues Ausdrucksmittel geowissenschaftlicher
Forschung fiir Landesplanung und Raumordnung. N
Arch f Nds 23:3-13

Maarel E van der (1978) Ecological principles for physical
planning. In: Holdgate W, Woodman MJ (eds) The break-
down and restoration of ecosystems. Conf Ser | Ecology
3, Plenum Press, New York, pp 413-450

Maarel E van der, Dauvellier PJ (1978) Naar een globaal
ecologisch model voor de ruimlijke entwikkeling van
Niederland. Studierapp. Rijksplanologische Dienst, Den
Haag, 9

Mankiw NG (2004) Grundzuige der Volkswirtschaftslehre,

3. edn. Schéffer Poeschel, Stuttgart

Mannsfeld K (1971) Landschaftsékologie und 6konomische
Wertung der Westlausitzer Platte. Dissertation, TU Dres-
den, Fakultat Bau-, Wasser-und Forstwesen, Dresden

33 2

Mannsfeld K (1981) Landeskulturelle Auswirkungen moderner
Agrarproduktion an Beispielen aus dem Westlausitzer
Hugelland. Wiss. Abhandl. Geogr. Gesellschaft DDR 15

Mannsfeld K (1983) Landschaftsanalyse und Ableitung von
Naturraumpotentialen. Abhandl. Sachsische Akademie
der Wissenschaften, Leipzig, math.-nat. KI., vol 35,
Akademie-Verlag, Berlin

Marks R, Miller MJ, Leser H, Klink HJ (eds) (1992) Anlei-
tung zur Bewertung des Leistungsvermdgens des
Landschaftshaushaltes, 2. edn. Forsch. zur Deutschen
Landeskunde, vol 229, Trier

Matzdorf B, Lorenz J (2010) How cost-effective are result-
oriented agri-environmental measures? An empirical
analysis in Germany. Land Use Policy 27:535-544

MEA-Millennium Ecosystem Assessment (2005) Ecosystem
and human well-being: Scenarios, vol 2. Island Press,
Washington

Messerli P (1986) Modelle und Methoden zur Analyse der
Mensch-Umwelt-Beziehungen im alpinen Lebens- und
Erholungsraum. Erkenntnisse und Folgerungen aus
dem schweizerischen MAB-Programm Nr. 25, Bern

Neef E (1963) Dimensionen geographischer Betrachtung.
Forschungen und Fortschritte 37:361-363

Neef E (1966) Zur Frage des gebietswirtschaftlichen Poten-
tials. Forschungen und Fortschritte 40:65-70

Neef E (1967) Die theoretischen Grundlagen der Landschafts-
lehre. Haack, Gotha

Neef E (1969) Der Stoffwechsel zwischen Gesellschaft und
Natur als geographisches Problem. Geogr Rundsch
21:453-459

Neef E (1971) Uber das Weiterwirken der Ideen Alexander von
Humboldt in der Geographie. Acta Historica Leopoldina
6:17-29

Nentwig W, Bacher S, Brandl R (2004) Okologie kompakt
(3. edn. 2011). Spektrum Akad. Verlag, Heidelberg

Niemann E (1977) Eine Methode zur Erarbeitung der Funk-
tionsleistungsgrade von Landschaftselementen. Arch
Naturschutz Landschaftsforschung 17:119-158

Niemann E (1982) Methodik zur Bestimmung der Eignung,
Leistung und Belastbarkeit von Landschaftselementen
und Landschaftseinheiten. Wissenschaftliche Mitteilung
d. Instituts f. Geographie u. Geotkologie, Akademie
der Wissenschaften der DDR, Leipzig, Sonderheft 2

Ostrom E (2011) Was mehr wird, wenn wir teilen. Vom gesell-
schaftlichen Wert der Gemeinguter. Oekom, Miinchen

Ott K (2010) Umweltethik zur Einflihrung. Junius, Hamburg

Petry D (2001) Landschaftsfunktionen und planerische
Umweltvorsorge auf regionaler Ebene. Eine landschafts-
okologische Verfahrensentwicklung am Beispiel des
Regierungsbezirkes Dessau. UFZ-Bericht Nr. 10/2001,
UFZ-Umweltforschungszentrum Leipzig-Halle

Potthast T (2007) Biodiversitat-Schliisselbegriff des Natur-
schutzes im 21. Jahrhundert? Naturschutz und Biolo-
gische Vielfalt 48, Bundesamt fiir Naturschutz, Bonn

Preobrazenskij VS (1980) Issledovanie landsaftnyh system
dlja celej ochrany prirody-struktura, dinamika i razvitie



34 Chapter 2 - Development and Fundamentals of the ES Approach

landsaftov. Inst. Geografii AN SSSR (Akadademie der
Wissenschaften der UdSSR), Moskau

Radermacher W (2008) Beyond GDP-A Ecosystem services
as part of environmental economic accounting. » www.
uni-kiel.de/ecology/users/fmueller/salzau2008/Ab-
stracts_Salzau2008.pdf. Accessed 1 April 2011

Ring | (2010) Die Okonomie von Okosystemen und Biodiver-
sitdt-die TEEB-Initiative. Vortrag auf dem 5. Dresdener
Landschaftskolloquium, Wert und Potenziale séchsi-
scher Landschaften, Dresden. » www.ioer.de/aktuelles/
veranstaltungen/19-november-2010-5-dresdner-land-
schaftskolloquium/. Accessed 19. Nov 2010

Ropke | (2004) The early history of modern ecological eco-
nomics. Ecol Econ 50:293-314

Repke | (2005) Trends in the development of ecological
economics from the late 1980s to the early 2000s. Ecol
Econ 55:262-290

Schmithulsen J (1942) Vegetationsforschung und 6kologische
Standortslehre in ihrer Bedeutung fiir die Geographie in
der Kulturlandschaft. Z Ges Erdkunde, Berlin, pp 113-157

Schultze HJ (1957) Die wissenschaftliche Erfassung und
Bewertung von Erdrdumen als Problem der Geographie.
Die Erde 88:241-298

Speidel G (1966) Zur Bewertung von Wohlfahrtswirkungen
des Waldes. Allg Forstzeitschr 21:383-386

Steinhardt U, Blumenstein O, Barsch H (2011) Lehrbuch der
Landschaftsokologie, 2 edn., Elsevier, Spektrum Akade-
mischer Verlag, Heidelberg

TEEB-The Economics of Ecosystems and Biodiversity (2010)
The economics of ecosystems and biodiversity: ecologi-
cal and economic foundations. Kumar P (ed). Earthscan,
London

Termorshuizen JW, Opdam P (2009) Landscape services as
a bridge between landscape ecology and sustainable
development. Landscape Ecol 24:1037-1052

Teutsch GM (1985) Lexikon der Umweltethik. Vandenhoeck
und Ruprecht, Dusseldorf

Troll C (1939) Luftbildplan und 6kologische Bodenforschung.
Z Ges Erdkunde, Berlin 7/8:241-298

Tiixen R (1956) Die heutige potentielle natiirliche Vegeta-
tion als Gegenstand der Vegetationskartierung. Angew
Pflanzensoziol (Stolzenau) 13:5-42

Vejre H (2009) Quantification and aggregation of landscape
functions/services in periurban landscapes. Proc Europ
IALE Conf, Salzburg. Breuste J, Kozové M, Finka M (eds),
pp 430-432

Wallace KJ (2007) Classification of ecosystem services: prob-
lems and solutions. Biol Conserv 139:235-246

WBGU-Wissenschaftlicher Beirat der Bundesregierung.
Globale Umweltveranderungen (2011) Welt im Wandel:
Gesellschaftsvertrag fiir eine Grof3e Transformation.
Berlin

WCED-World Commission on Environment and Develop-
ment (1987) Our common future. University Press,
Oxford

Westman W (1977) How much are nature’s services worth.
Science 197:960-964

Wiggering H, Miller K, Werner A, Helming K (2003) The
concept of multifunctionality in sustainable land devel-
opment. In: Helming K, Wiggering H (eds) Sustainable
development of multifunctional landscapes. Springer,
Berlin, pp 3-18

Willemen L, Verburg PH, Hein L, van Mensvoort MEF (2008)
Spatial characterization of landscape functions. Landsc
Urb Plan 88:34-43


http://www.uni-kiel.de/ecology/users/fmueller/salzau2008/Abstracts_Salzau2008.pdf
http://www.uni-kiel.de/ecology/users/fmueller/salzau2008/Abstracts_Salzau2008.pdf
http://www.uni-kiel.de/ecology/users/fmueller/salzau2008/Abstracts_Salzau2008.pdf
www.ioer.de/aktuelles/veranstaltungen/19-november�2010�5-dresdner-landschaftskolloquium/
www.ioer.de/aktuelles/veranstaltungen/19-november�2010�5-dresdner-landschaftskolloquium/
www.ioer.de/aktuelles/veranstaltungen/19-november�2010�5-dresdner-landschaftskolloquium/

35

Conceptual Framework

3.1

3.1
3.1.2
313

3.2

3.21

322
323
324
325

33

3.3.1
332

3.4

Properties, Potentials and Services of Ecosystems — 36
O. Bastian and K. Grunewald

The Cascade Model in the TEEB Study - 36

The EPPS Framework - 36

The Application of the EPPS Framework-The Example ‘Mountain
Meadow’ - 44

Classification of ES — 45

O. Bastian, K. Grunewald and R.-U. Syrbe
Introduction — 45

Provisioning Services — 46

Regulation Services — 46

Sociocultural Services - 46

Additional Classification Aspects — 49

Space and Time Aspects of ES - 53
K. Grunewald, O. Bastian and R.-U. Syrbe

Fundamentals, Control Scheme - 53
Case Study: EU-Water Framework Directive (WFD) and ES - 59

Landscape Services - 65
O. Bastian, K. Grunewald, M. Leibenath, R.-U. Syrbe, U. Walz and
W. Wende

References - 69

K. Grunewald, O. Bastian (eds.), Ecosystem Services - Concept, Methods and Case Studies,
DOI110.1007/978-3-662-44143-5_3, © Springer-Verlag Berlin Heidelberg 2015



36 Chapter 3 - Conceptual Framework

31  Properties, Potentials
and Services of Ecosystems

O. Bastian and K. Grunewald

The Cascade Model in the TEEB
Study

344

Anyone wants to analyze and evaluate ecosystem
services is going to be challenged finding the suit-
able methodology. Due to the complexity of the is-
sue ‘services of nature for society; this is no simple
feat. Generally valid methodical requirements refer
to the scientific foundations, intersubjective com-
prehensibility, and communicability. The interdis-
ciplinary approach is not only the terminology, but
rather the diversity of methods and the different
perspectives and approaches (» Fig. 15), which
must be geared to specific, quite concrete ques-
tions. It is necessary to distinguish between general
principles and concepts on the one side and specific
investigation methods on the other side.

In view of the complexity and multidiscipli-
narity of the problem area ecosystem service (ES)
it is no surprise that different scientific-theoretical
approaches and practical methods have emerged
over time, which complement each other, or
which are partially congruent or divergent. This
is reflected in the classification of ES (» Sect. 3.2),
but also in the different theoretical-methodical
concepts.

The cascade model of Haines-Young and
Potschin (2009) and Maltby (2009) is a frequently
cited framework and was also adopted by TEEB
(2010) (@Fig. 3.1). The graph presents the chain from
the ecosystems to human well-being. The ES medi-
ate between the structures, processes and functions
(functioning) of ecosystems and the benefits and
values belonging to the human well-being. In the
real world, however, the relation is not so simple
as the graph might communicate. Nevertheless, the
general structure proposed by the scheme is widely
accepted among experts.

3.1.2 The EPPS Framework

Based on this scheme (8 Fig. 3.1) and taking the
knowledge of various schools of landscape ecology

and the international scientific discussions into
account, we consider the framework depicted
in @ Fig. 3.2 appropriate for ES issues. According
to this, the ‘functions’ in the sense of ecosystem
integrity are directly attributed to the left pillar
(‘properties of ecosystems’), while the societal
functions are subsumed in the ES. This better cor-
responds with the German understanding of the
term ‘function’ (» Sect. 2.1). In the cascade model
of Haines-Young and Potschin (2009) (8 Fig. 3.1),
functions represent their own intermediate step be-
tween the structure and processes on the one side
and the ES on the other side. This subgroup of eco-
system processes is essential for and directly con-
tributes to the generation of ES (Albert et al. 2012).
The potentials of an ecosystem (or a landscape)
show its performance and possible utilisation and,
thus, they are a logical intermediate step between
the properties (structure and processes) and the
ES themselves (real use of nature and landscape, or
demand). This conceptual concept is called EPPS
framework (derived from Ecosystem Properties, Po-
tentials and Services, cp. Grunewald and Bastian
2010; Bastian et al. 2012b).

The basic elements of the EPPS framework will
be explained in the following section.

Ecosystem Properties

On the left side of the EPPS framework (8 Fig. 3.2)
are the properties of ecosystems-individual ob-
jects, parts of objects and even entire ecosystem
complexes—and the structures and processes (e.g.
soil qualities, nutrient cycles, biological diversity),
which form the basis for all ES and, moreover, for
the existence of humans and of human society in
general. According to van Oudenhoven et al. (2012),
ecosystem properties are the set of ecological con-
ditions, structures, and processes that determine
whether an ES can be supplied. Since this ecologi-
cal endowment is, first of all, scientifically based, it
has to be assigned mainly to the factual level. The
(scientific) analysis of ecosystem properties is the
research starting point as it enables an understand-
ing of the functional principles of nature.

It is the matter of the performance basis, i.e.
those components of nature that provide services,
e.g. the particular components of specifications
of ecosystems, which ensure primary production,
flood regulation or aesthetic values. Asa component
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org/EcologicalandEconomicFoundationDraftChapters/tabid/29426/Default.aspx, Chap. 1, p. 11)
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Functional Traits

Sometimes only specific parts of
ecosystems, single species, indi-
viduals or parts of them (roots

or leafs of plants) are relevant

to ES. The issue that functional
groups, populations, communi-
ties and different genotypes or
species may contribute to service
provision to different degrees at
different times or in different places
has been discussed for several years
(de Bello et al. 2010). This involves
the concepts of functional traits
(Lavorel et al. 1998) and service
providing units (SPU-Luck et al.
2003; Harrington et al. 2010; Haslett
et al. 2010): a SPU is ‘the collection of
organisms and their characteristics
necessary to deliver a given ecosys-
tem service at the level required by
service beneficiaries’ Kremen (2005)
emphasised the importance of key
ecosystem service providers (ESPs)
and functional groups of species
(e.g. population abundance and
spatiotemporal variation in group

membership) for service provision.
Later, the SPU concept was com-
bined with the concept of ESPs to
form the SPU-ESP continuum (Luck
et al. 2009), which was simplified by
Rounsevell et al. (2010) as the ser-
vice provider (SP) concept.

Despite their potential value
for ecosystem service assessments,
very little is known about the role
of the functional, structural, and
genetic components of biodiver-
sity (Diaz et al. 2007). Examples for
the role of functional groups are
known in soil formation where
key taxa exist, such as legumes,
which are able to fix atmospheric
nitrogen and build up nitrogen
stores in the soil. An other example
is deep-rooted species that can
relocate nutrient elements from
the parent material to the surface
layers. At a finer scale, sequestra-
tion of carbon in stable aggregates
depends on the activity of the soil
fauna: in many managed systems,

control of plant pests can be pro-
vided by various generalist and
specialist predators and parasitoids.
Bees are the dominant taxon pro-
viding crop pollination services, but
birds, bats, moths, flies, and other
insects can also be important. The
multiple service provision by subal-
pine grasslands depends on plant
functional groups; recreational
services, such as birdwatching or
duckhunting rely on specific animal
taxonomic groups. The literature
also mentions examples of ESs pro-
vided by such single species as the
Eurasian jay (Garrulus glandarius),
which ensures oak seed dispersal, or
the Eurasian wildcat (Felis silvestris),
whose presence makes it a flagship
species in terms of recreational/
touristic value (Vandewalle et al.
2008; Haines-Young and Potschin
2009). The loss of an important
functional group may cause drastic
changes in the functioning of eco-
systems.

of nature, this basis for services is materially mani-
fested and can, in principle, be measured (Staub et
al. 2011).

Hence, the analysis of ecosystem properties is
predominantly driven by natural scientific methods
using analytical indicators. Indicators can be rather
easily analyzed and they illustrate the concerned
problem especially well. Without them it is almost
impossible to decipher the complicated network
of relationships of ecosystems (and landscapes)
(Durwen et al. 1980; Walz 2011). One category of
indicators is bioindicators: organisms, whose living
functions can be correlated with certain environ-
mental factors in such a manner that they can be
used as a specific indicator for them. As indicators
may simplify informations and present them com-
prehensively, they enable decision-makers to give
convincing reasons for their decisions.

There is now extensive experience in the field
of analyzing ecosystems, their structures, processes

and changes (e.g. in the framework of the ‘Ecosys-
tem Research Germany-Frinzle 1998), as well as
scientific literature (e.g. Leser and Klink 1988; Bas-
tian and Schreiber 1999).

Valueless categories like complexity, diversity,
rarity, ecosystem integrity, ecosystem health or re-
silience also belong to the category of ‘ecosystem
properties’ (de Groot et al. 2002). The concept of
‘ecological integrity’ as a precondition for the sup-
ply of ES is applied by the assessment method of
Burkhard et al. (2009), and Miiller and Burkhard
(2007, » Sect. 4.1). According to Barkmann (2001)
the ‘ecological integrity’ describes the maintenance
of those structures and processes that are necessary
for the ecosystems’ self-regulation capacity. The
ecological integrity is mainly based on variables of
energy and matter balance, as well as on structural
properties of whole ecosystems. These components
are similar to those defined in other ES-studies as
supporting services (e.g. in MEA 2005).
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Biomass Potentials

The concept of potentials will be
described in Sect. 4.4.2 using the
example of the ‘energetic use of
biomass’as a presently widely dis-
cussed topic (utilisation of the biot-
ic productivity, the so-called ‘biotic
yield potential’ to produce energeti-
cally usable biomass, » Sect. 4.4.2).
The land potential for bioenergy in
Germany is c. 3-4 million ha (SRU
2007), including energy crops and
biomass from landscape manage-
ment, the application of which

can be honored by a so-called
landscape management bonus
under the Renewable-Energies-
Act-EEG 2009). In the future, region-
ally energetic use of biomass from

landscape management measures
shall make a tangible contribution
to satisfy our energy needs.

By order of the Saxon State
Office for Environment, Agriculture
and Geology (LfULG), the consulting
firm Bosch & Partner has calculated
the biomass potential of the Free
State of Saxony (Peters 2009). For
this purpose, databases for the rel-
evant area types like grassland, wa-
ter margins, and roadside greenery
were established (@ Fig. 3.3). This po-
tential was regionalised with the aid
of a geographic information system
(GIS). Thus, biomass potentials of c.
204,000 ha with c. 667,500 t annual
yield are available in the Free State
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of Saxony, an amount sufficient for
workable realisation concepts.

This example shows how the
feasibility of natural resources
usage may be analyzed and evalu-
ated. This provides an important
basis for planning purposes. On this
basis, the existing but still almost
not used potential may be used
properly-in this case for bioenergy
production-if there are appropri-
ate framework conditions (e.g.
technology, logistics, remunera-
tion). Not only would the energy
sector benefit from it, but also the
socio-economic significance and
the social standing of nature con-
servation.

Ecosystem Potentials-The Capacity

or Supply Side

Depending on their properties, ecosystems are able
to supply services; they have particular potentials
or capacities for that. Potentials (» Chap. 2) have
consciously been included as the second, so as to
distinguish between the possibility of use and an
actual use, which is the expression of the real ser-
vice (Bastian et al. 2012a). Potentials can be regard-
ed and quantified as stocks of ES, while the services
themselves represent the actual flows (Haines-
Young et al. 2012).

In terms of ecosystem potentials, various pre-
conditions need to be considered, e.g. the ecologi-
cal carrying capacity and the resilience, which is
defined as ‘the capacity of a system to absorb and
utilise or even benefit from perturbations and
changes that attain it, and so to persist without a
qualitative change in the system’ (Holling in Ring
et al. 2010).

This is closely related to the ecological stabil-
ity, i.e. the persistence of an ecological system and
its capacity to return to the initial situation after
changes. Within the ‘stability, we can distinguish
between constancy and cyclicity (without extra-
neous factors), as well as between resistance and
elasticity (with extraneous factors). In this regard,

the carrying capacity, meaning the range of a pos-
sible use should be mentioned. It indicates to which
extent particular utilisations may be tolerated. For
example, high (natural) soil fertility allows the as-
sumption of a high potential for farming, though,
this alone is not sufficient if, for example, risk fac-
tors like high erosion disposition may damage the
topsoil at some point, which eventually causes the
loss of the usability for farming.

The assessment of ecosystem potentials also
pursues the goal of ascertaining the potential use
of particular services, and is more normative than
a mere accounting of ecosystem properties. It con-
stitutes an important basis for planning, e.g. for the
implementation of sustainable land-use systems:
the suitability of an ecosystem to carry different
forms of land use can be established, the available
but still unused potentials can be put to actual use,
and risks can be estimated.

Ecosystem Services

Only human needs or demands actually convert a
potential into a real service. ES, the third pillar of
the framework (8 Fig. 3.2), reflect an even stronger
human perspective (value level), since the services
(and goods) are in fact currently valued, demanded,
or used. In other words, the status of an ES is influ-
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B Fig.3.3 Algorithm for the calculation of the biomass potential for energetic use. (According to Peters 2009)

enced not only by its provision of a certain service,
but also by human needs and the desired level of
provision for this service by society, which connects
inseparably supply and demand of ES (Burkhard et
al. 2012; Syrbe and Walz 2012).

We regard services and (societal) functions as
synonyms. The term ‘function’ stands for a benefit-
oriented view, not for the functioning of ecosys-
tems in the sense of processes, cycles, etc. We pre-
fer a tripartite classification of functions (Bastian
and Schreiber 1999) or ES (Grunewald and Bastian
2010): provisioning, regulation and sociocultural
services (» Sect.3.2).

The analysis of ES always involves a valuation
step, e.g. scientific findings (facts) are transformed
into human driven value categories. The decisive
factor is the combination of the various causal areas
in the relationship between society and nature, one

example being economic valuation (e.g. Costanza
et al. 1997; Spangenberg and Settele 2010).

Intact ecosystems provide a wide variety of
ES that are characterised by complex interrela-
tions (trade-offs, see below). Some ES are strictly
related or occur in bundles and, therefore, are in-
fluenced positively or negatively if a particular ES
is enhanced (e.g. the maximisation of the yield
of an arable field at the expense of regulation ES,
like carbon sequestration, or habitat services). The
manner of connections and interrelations between
single ES is still an issue with significant knowledge
gaps (MEA 2005).

Although the EPPS framework focuses on the
benefits produced, it also implicitly includes nega-
tive social or economic effects of ecosystems (and
landscapes) to human well-being, so-called ‘disser-
vices’ (Lyytimaki and Sipild 2009; Dunn 2010).
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Classification of ES-Related Values (» Sects. 2.3 and » 4.2)

ES-related values can be classified
into two categories: use values and
nonuse values. Use values refer to
the present, future, or potential use
of an ES. They encompass direct
and indirect use, option, and quasi-
option values.

Values for hunting, fishery, and
medical plants are examples for use
values. All provisioning and some
sociocultural services (e.g. recre-
ation) provide direct use values.
Indirect use values refer especially
to the positive effects of ecosys-
tems. Examples are the values of
pollination and decomposition of
toxic substances.

Option values und quasi-
option values are connected with
information and uncertainty. As
humans are not sure what are their
future demands, circumstances of
life and then available information,
they evaluate the option of a pos-
sible future use, and they take the
expected information growth into
account.

Society attributes nonuse
values to the mere existence of an
ecosystem regardless of the use
of its services (existence values).
Altruistic values (benefits of exis-
tence for other people) and bequest
values (benefits for the well-being
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of future generations) also belong
to this heading. It is often difficult
to differentiate the single categories
of nonuse values, both conceptually
and empirically (Hein et al. 2006).
Quasi-option values represent
the value of irreversible decisions,
until new information is not avail-
able, which may indicate today still
unknown values of ecosystems.
Quasi-option values, too, are dif-
ficult to assess in practice (Hein
et al. 2006). They are strongly cor-
responding with the concept of
natural potentials.

As previously stated, the term ES is only jus-
tified if ecosystems and their processes generate
a benefit for humans. Status and value of ES are
determined by the demand depending on the so-
cietal conditions. The actual land use reflects such
a demand. For the application of the ES concept,
the demand side plays a crucial role. Nevertheless,
in contrast to ‘ecological’ assessments and plan-
nings (e.g. within landscape planning, cp. Wende
etal. 2011a; Albert et al. 2012), spatially precise rep-
resentations of the demand or the comparison of
supply and demand are still rarely implemented
(» Sect. 5.3). The demand for services, however,
is the basis of an appropriate spatial planning. To
analyze the demand, information about the ac-
tual, intended or desired use of ES is needed, e.g.
through socio-economic modelling, statistics, or
questionnaires (Burkhard et al. 2012). Suitable data
is often only available to a limited extent. They
must be specifically collected, which mostly entails
a significant amount of work.

Both sections » Chaps. 4 and » 5 and the case
studies give an overview of common methodological
approaches for assessing ES (» Chap. 6).

Benefits, Values and Welfare
Through the link ‘ecosystem services, human beings
benefit from ecosystems. That means, ecosystems

yield benefits and values (fourth pillar of the EPPS
framework), which contribute to human well-
being. The benefit is the sociocultural or economic
welfare gain provided through the ES, such as
health, employment, and income. Moreover, the
benefits of ES must have a direct relationship to
human wellbeing (Fisher and Turner (2008). Value
is most commonly defined as the contribution of
ES to goals, objectives or conditions that are speci-
fied by a user (van Oudenhoven et al. 2012). Actors
in society can attach a value to these benefits.
Monetary value can help to internalise so-called
externalities (impacts and side effects) in economic
valuation procedures so that they can be better
taken into account in decision-making processes at
all levels. It should be noted that not all dimensions
of human well-being can be expressed in monetary
terms, e.g. cultural and spiritual values.

For human well-being factors like health, pre-
vention of psychological damages, aesthetic plea-
sure, recreation, food supply, and economic pros-
perity are crucial. They are influenced positively
by ES. For the Millennium Ecosystem Assess-
ment (MEA 2005) and several other authors (e.g.
Costanza et al. 1997; Wallace 2007) ES and benefits
are identical.

In order to measure benefits and values, an eval-
uation step is necessary. Generally, an evaluation
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is a relation between an evaluating subject and an
object of evaluation, or the degree of fulfilment in
comparison with predetermined objectives. This
relation has two dimensions:
Factual dimension: facts on the object to be
evaluated for the reflection of the reality
Value dimension: value system or basic values
as a normative basis for the value judgment
(Bechmann 1989, 1995)

The evaluation shows the extent to which the pre-
sent state differs from the desired or planned one
(Auhagen 1998). The literature often uses the term
‘evaluation’ ambiguously (Wiegleb 1997), e.g. in
the sense of basic assessment (scaling), judgment,
ranking (relative comparison), or plan/actual com-
parisons (= evaluation sensu stricto).

An evaluation is the crucial step to process
analytical data concerning decision-making and
action, i.e. to convert scientific parameters into
socio-political categories.

An evaluation sensu stricto indicates the extent
and the manner of necessary measures. It provides
the norms and orientations for the concrete action,
which is always a decision between several options.
If an evaluation shall be generally valid, the consen-
sus of the human society is necessary; it is a matter
of conventions and, thus, depending on the situa-
tion and time. Therefore, evaluation can never be
objective. The skill of evaluation is the combination
of facts and standards of value with sensible judge-
ment. Evaluations are always based on the compe-
tence of the evaluating subject. On no account does
subjectivity mean arbitrariness or irrationality since
an evaluation is or should be also comprehended
by other subjects (intersubjectivity). Necessary pre-
conditions for this are disclosed facts and standards
of value that are combined in a systematical man-
ner, i.e. using well-defined assessment procedures
(Bechmann 1995; Bastian and Steinhardt 2002).

There are quite different motivations to valu-
ate ES. These motivations heavily depend on moral,
aesthetic, and other cultural perspectives (Hein et
al. 2006).

It is often neglected that scientific findings are
in principle free of value. That means that there is
no logical conclusion on the desired situation (nor-
mative consideration) from being (actual state, de-

scriptive consideration). In other words: it is not
possible to derive value judgments from ecological
findings or to answer respective questions such as
‘Which nature we want to protect?” or ‘How nature
shall be protected?” Things are not valuable per se,
but because we appreciate them and decide so.

Already Hume (1740) referred in his ‘A Trea-
tise of Human Nature’ to the problem of the di-
chotomy between what is and what ought to be.
As a term for the derivation of norms from nature,
Moore introduced the term ‘naturalistic fallacy’ in
his ‘Principa Ethica’ in 1903 (see Erdmann et al.
2002). Terms like naturalness, rarity, etc. don’t nec-
essarily prejudge a value decision. The protection
of rare species must be justified because not all rare
things are per se worthy of protection. A near-nat-
ural vegetation is not generally desirable, e.g. from
the farmer’s point of view if he looks at his weedy
arable field. However, from a nature conservation
point of view, a near-natural vegetation can also
be undesired if, for instance, a colourful flowering
meadow owing its existence to human influences
shall be conserved and not become fallow-field,
shrubland or forest.

The sense of formalised evaluation algorithms
is to rationalise the (landscape) planning process
and to increase the acceptance of the results by so-
ciety.

For the analysis of benefits and values in the
ES context, monetary valuation is often regarded
as the method of choice. The sole orientation to the
monetary valuation of ES, however, is increasingly
regarded critical (Spangenberg and Settele 2010).
On the other side, studies on the implementation
of measures and their financial consequences (e.g.
Liitz and Bastian 2000; von Haaren and Bathke
2008; Grossmann et al. 2010), have shown that a
monetary valuation of services may provide incen-
tives for alterations in existing management rules
or decision support for certain problem solutions.
Monetary values served to internalise so-called
externalities (external influences, impacts) in eco-
nomic valuation methods in order to take them
better into account in decision processes at all levels
(» Sect.4.2).

In addition to the economic evaluation, other
approaches must also be observed to show the
importance of ES. Other dimension of human
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well-being that cannot be expressed in monetary
values, e.g. cultural and spiritual values, should also
be integrated. Participative methods have a great
significance, i.e. the participation of stakeholders.
The preferences for certain ES are negotiated within
society. As a basis, adequate background knowl-
edge is indispensable, which entails ecological as
well as economic information (» Sect. 4.3).

In principle we distinguish between three
types of methods for the evaluation of ES
(» Sect. 4.1, » Sect. 4.2 and » Sect. 4.3): quantitative
expert methods (mainly ecologically or physically
based), economic/monetary methods and partici-
pative, scenario-based methods. Complex methods
as combinations of these three methods are dis-
cussed in » Sect. 4.4.

Beneficiaries of ES/Actors

An ecosystem service is only a service if there is
a human benefit. Without human beneficiaries,
there are no ES (Fisher et al. 2009). Accordingly,
a disservice only exists if humans suffer harm. The
stakeholders, providers, users or beneficiaries of
ecosystems and their services (pillar 5 of the EPPS
framework) can be single persons, groups, or soci-
ety as a whole. Not only do they depend or benefit
from ecosystems, they in turn react upon ecosys-
tems through land use, management, decision,
regulation, etc. (» Chap. 5).

The identification of beneficiaries of ES helps
to develop environmental-political steering instru-
ments to set incentives in a targeted manner for a
more careful management of ecosystems and the
services they deliver. The key question is: Who ben-
efits where from which ES? The following cases can
be distinguished (Kettunen et al. 2009):

Local public benefits: a site’s role in supporting

local identity, local recreation, local nonmarket

forest products and the local ‘brand; etc.

Local private benefits: a site’s support to

natural water purification resulting in lower

pretreatment costs to the local water supply
company, etc.

Local public sector benefits: a site’s abilities

to mitigate floods resulting to lower public

investment in flood control and/or flood dam-

age, etc.
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Regional and cross-border benefits: regula-
tion of climate and floods, mitigation of wild
fires, provisioning and purification of water in
transnational river basins, etc.
International/global public benefits: a site’s
provision of habitat for a migratory species at
some point in its annual cycle, regulation of
climate (carbon capture and storage), mainte-
nance of global species and genetic diversity,
etc.

International private benefits: new pharma-
ceutical or medicinal product derived via bio-
prospecting, etc.

Trade-Offs, Limit Values, Driving

Forces and Scenarios

Other very important points of view regarding ES
are related e.g. to the so-called trade-offs. They de-
scribe the multiple interactions and linkages among
services; this means that management aimed at pro-
viding a single service (e.g. food, fibre, water) often
reduces biodiversity and the provision of other ser-
vices (Ring et al. 2010). Some ES co-vary positively
but others negatively. For example, the increase of
provisioning ES may reduce many regulation ES.
Thus, the growth of agricultural production may
reduce carbon storage in the soils, water regulation
and/or sociocultural ES. The TEEB study (TEEB
2009) distinguishes between: 1. Temporal trade-
offs: Benefits now-costs later, 2. Spatial trade-ofts:
benefits here—costs there, 3. Beneficiary trade-offs:
Some win-others lose, 4. Service trade-offs: En-
hancing one ES-reduces another.

All pillars or categories of the framework can
or should be analyzed and differentiated in terms
of space (e.g. scale, dimension, patterns) and time
(e.g. driving forces, changes, scenarios) aspects
(» Sect.3.3).

Ecosystems can go through fairly big changes: If
critical thresholds or limit values are exceeded, sub-
stantial changes cannot be excluded, e.g. the eutro-
phication of lakes, the degradation of farmland, the
collapse of fish stocks or coral reefs.

Ecosystem changes can be triggered by vari-
ous, partly superposed driving forces. Artner et al.
(2005) distinguished between fixed factors or driv-
ers, e.g. the ongoing globalisation, the demograph-
ic change and variable factors like the economic
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development, the societal governance, leisure be-
haviour, the traffic volume, the consumption of re-
sources and the structural development.

The status of ES can be predicted or analyzed
under the assumption of different scenarios. In con-
trast to a prognosis, a scenario is no forecast and
not correlated with a statement on the probability
of occurrence. Instead it represents a possible de-
velopment under defined, predictable conditions.
A set of scenarios can be used to simulate possible
long-term effects and consequences of decisions
(Dunlop et al. 2002) (» Sect. 4.3). Scenarios inform
the decision-maker about possible welfare gains
and losses. Not only do the changes in ecosystems
and ES have to be considered, but also the variabili-
ty of values. Value orientations are subject to cycles
and trends (one of the best examples are fashion
trends). The future development of societal values
depends on many factors. As the value scales, e.g.
the value of money, may change, monetary valua-
tions of future states are subject to considerable un-
certainties (see the discounting of ES, » Sect. 4.2).

3.13 The Application of the EPPS
Framework-The Example
‘Mountain Meadow’

Finally, the application of the EPPS framework will
be demonstrated with an example, the ecosystem
(type) ‘mountain meadow’.

Mountain meadows are species-rich, extensive-
ly used meadows of fresh to medium moist sites of
mountains above c. 500 m a.s.l. Depending on the
geographical situation, nutrient content, moisture
balance of soils, type and intensity of use or man-
agement, e.g. cutting frequency and fertilisation,
mountain meadows occur in different specifica-
tions.

For the capacity of mountain meadows to de-
liver ES, particular characteristics, combinations of
them or parts of ecosystems (functional traits—see
above) are crucial, e.g. nutrient and water balance,
the combination of species and usage intensity.
Mountain meadows have the potential to deliver
manifold ES of all three classes—provisioning, regu-
lation and sociocultural services, among them:

Provisioning services: provision of fodder

plants for livestock, biochemical/pharmaceuti-

cal substances (spignel plants—Meum atha-
manticum—and other herbs), drinking water
Regulation services: cold air production, water
retention and flood prevention, erosion con-
trol, habitat services

Sociocultural services: aesthetic values (e.g.
scenery), recreation and eco-tourism, culture-
historical aspects

Not all of these potentials are really used. There is al-
most no demand for the biomass from species-rich
but low yielding meadows since the current dairy
cattle farming trimmed for high-performance has
no use for it. The energetic use of scrap materials
from landscaping is not very advanced either. Until
a market or customers for such materials will come
into existence, no benefit or value in an economic
sense can be attributed. The situation with biodiver-
sity and aesthetic values is quite different, although a
quantification or even monetisation is anything but
easy. Irrespective of this, colourful flowering mead-
ows contribute to human well-being because of their
beauty and if their occurrence is related to the attrac-
tiveness of holiday regions, economic values can be
derived, for instance, in the form of the number of
tourists traveling there just because of these attrac-
tive mountain meadows. In this case, tourists and
touristic enterprises can be regarded as beneficia-
ries, with regard to the maintenance of biodiversity
the whole society or even the European Community
(in the case of Natura 2000, » Sect. 6.6.1).

Mountain meadows seem to be natural, but they
represent ecosystems created by humans through
regular cutting. Hence, an adequate usage or man-
agement must be ensured so that the mountain
meadows as such and the related/relevant ES are
maintained. This requires human labour, e.g. of
agricultural enterprises, landscape management
associations, or nature conservation organisations.
The ones ensuring the ongoing existence of the
meadows and the provision of ES with their activi-
ties are not always identical with the beneficiaries.
However, as society is interested in, for example, the
conservation of biodiversity, which is reflected in
many laws, contracts, conventions and strategies at
different levels, the expense is remunerated in mon-
etary terms (» Sect. 6.2). Simultaneously, society en-
sures for necessary legal instruments in the form of
protected areas (nature reserves, Natura 2000, etc.).
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All these levels, starting from the ecosystem
‘mountain meadow’ (physical level, factual level)
over the ES (intermediate level) to the benefits and
beneficiaries (socio-economic level) are subjected
to manifold space and time aspects (» Sect. 3.3).
Thus, at the ecosystem level, the size of the moun-
tain meadow or its arrangement in the biotope mo-
saic is important, so that the requirements of par-
ticular species are met. As a rule, a large mountain
meadow delivers more services than a small one,
if the other properties are more or less identical; a
big flowering meadow has a higher aesthetic effect
as a smaller one. Also, benefits and beneficiaries
are subject of strong spatial relationships. Thus, the
local landscape management association ensures
the maintenance of the mountain meadow, and the
travelling tourists benefit from its aesthetic values.
The effect of the ‘conservation of biodiversity’ is
difficult to narrow down in terms of its effective
radius, but it may refer—as with Natura 2000-to the
whole EU and even other countries.

In terms of time aspects, first of all the changes
to which the ecosystems are subjected should be
regarded, this is especially the case with mountain
meadows due to improper or missing usage or man-
agement. Over time attitudes and value systems of
people may change.

Changes are triggered by driving forces: globali-
sation and the Common Agricultural Policy (CAP)
of the EU, but also technological progress reducing
the attractiveness of mountain meadows for agricul-
ture. Demographic change goes hand in hand with a
shortage of personnel in voluntary nature conserva-
tion, i.e. less actors are available who will take care
of the mountain meadows (Wende et al. 2012). Cli-
mate change, too, will doubtless have some measure
of impact on such sensible ecosystems.

3.2 Classification of ES

O. Bastian, K. Grunewald and R.-U. Syrbe

3.2.1 Introduction

In view of the diversity and complexity of ecosys-
tems and the services they supply, it is difficult to
develop a classification of ES which is clear, widely
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accepted, and meets broad requirements. With re-
spect to the classification of ecosystem and land-
scape functions, potentials and services, there are
numerous proposals, classification systems and
partly divergent opinions. Depending on the goals
of the assessment, spatial scales and specific deci-
sion-making context, they all show both strengths
and weaknesses.

For the past decades science has been trying to
determine a way of classifying ecosystem functions
(and services). In 1977, Niemann distinguished
four groups of functions: production, landscape-
shaping (ecological), human-ecological, and aes-
thetic ones. Van der Maarel and Dauvellier (1978)
declared production, carrier, information, regula-
tion and reservoir functions as societal functions of
the physical landscape. Bastian and Schreiber (1999)
divided landscape functions into three groups: so-
called production functions (economic functions),
regulation functions (ecological functions) and
habitat functions (sociocultural functions). Each
group was again classified into main-functions and
sub-functions.

De Groot et al. (1992, 2002) defined regulation,
production, habitat, and information functions (or
services). The TEEB study also identifies the habitat
services as a separate category to stress the impor-
tance of ecosystems to provide habitat for migrato-
ry species and gene-pool ‘protectors’ (TEEB 2010).
Using the definition of Costanza et al. (1997), the
Millennium Ecosystem Assessment (MEA 2005)
provided a simple typology of services that has
been widely taken-up in the international research
and policy literature:

Provisioning services, e.g. food, drinking wa-

ter, timber

Regulating services, e.g. flood protection, air

pollution control

Cultural services, e.g. recreation services

Supporting services: all processes that ensure

necessary preconditions for the existence of

ecosystems, e.g. nutrient cycle.

The ES classification systems outlined above shows
numerous commonalities, mainly in the three
classes provisioning, regulating and cultural servic-
es. There is disagreement about the assignment of
phenomena, which are the basis for the services of
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the three other classes. This applies to the support-
ing services (or basic services, ecosystem integrity—
e.g. Miiller and Burkhard 2007). We consider sup-
porting services an intermediate (analytical) stage.
They are a prerequisite for defining the other three
groups of services, but they are more related to the
first pillar of our EPPS framework (» Sect. 3.1), that
of ecosystem properties. Other authors (e.g. Pfis-
terer et al. 2005, Burkhard et al. 2009, Hein et al.
2006, OECD 2008, Haines-Young and Potschin
2010) also suggest treating them differently from
the other ES, which provide their benefits directly
to humans. Due to thematic overlaps with regulat-
ing ES there is a high risk of double-counting (Hein
et al. 2006, Burkhard et al. 2009, see Box p. 51).

The breakdown into productive (economic),
regulating (ecological), and societal functions or
services (Bastian and Schreiber 1999, Bastian et al.
2012b) has the advantage that it can be linked to
both fundamental concepts of sustainability and
risk using the established ecological, economic,
and social development categories. We adjust the
supporting services-depending on the respective
situation-to the regulative services or the ecologi-
cal processes (e.g. nutrient cycles, food chains).

Ultimately, the classification depends on the re-
spective researcher. As a rule, three or four groups
with a total of 15 to 30 functions or services are dis-
tinguished. For useful results, they must be further
specified. Moreover, information on suitable indi-
cators that describe these ES is necessary. In this
respect there are still severe deficits in the literature
(Jessel et al. 2009, TEEB 2009).

Below we present an overview of ES sup-
plied by terrestrial and aquatic ecosystems based
on current knowledge (e.g. Costanza et al. 1997,
de Groot et al. 2002, Miiller and Burkhard 2007,
Vandewalle et al. 2008) and on our own experi-
ences and reflections (8 Tab. 3.1-3.3). We classify
30 ES according to three main categories: pro-
visioning, regulation and sociocultural services
-each with subdivisions. Furthermore, we provide
a short definition and description with examples
and mention selected indicators for the analysis
or the assessment of the ES with no claim to com-
pleteness.

3.22 Provisioning Services

Ecosystems may provide many goods and services
from oxygen and water to food and energy to medic-
inal and genetic resources, and materials for cloth-
ing and shelter. As a rule, these goods and services
refer to renewable biotic resources, i.e. the products
of living plants and animals. Abiotic resources (raw
materials near the earth’s surface), wind and solar
energy cannot be assigned to particular ecosystems;
hence, they are not, in our view, to be considered
ecosystem goods and services. Especially in ecosys-
tems strongly modified by humans (e.g. farmland)
itis difficult to differentiate between the natural and
human inputs in labour, material and energy to a
service or a good (@ Table 3.1).

3.23 Regulation Services

The biosphere and its ecosystems are the main pre-
conditions for human life. Processes like energy
transformation mainly from solar radiation into
biomass, storage and transfer of mineral material
and energy in food chains, bio-geochemical cycles,
mineralisation of organic matter in soils and cli-
mate regulation are essential for life on earth. On
the other hand, these processes are influenced and
enabled by the interaction of abiotic factors with
living organisms. The existence and functioning of-
particularly natural and semi-natural-ecosystems
must be ensured so that people will be able to con-
tinue benefiting from these processes in the future.
Due to the ‘merely’ indirect benefits of regulation
services (@ Tab. 3.2), they are often overlooked and
not sufficiently considered until they are damaged
or lost, although they are the basis for human life on
earth (De Groot et al. 2002).

3.2.4 Sociocultural Services

Especially natural and semi-natural ecosystems
provide manifold opportunities for enjoyment,
inspiration, intellectual enrichment, aesthetic de-
light and recreation. Such ‘psychological-social’
services are no less important to people than reg-
ulation and provisioning services; however, they
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O Table 3.1

Code/Name of the
ecosystem services

Provisioning services

Definition/Description

| Food (provision of plant and animal materials)

P.1 Food and forage
plants

P2 Livestock

P.3 Wild fruits and game

P.4 Wild fish

P.5 Aquaculture

Il Renewable raw materials
P.6 Wood and tree

products

P.7 Vegetable fibres

P.8 Regrowing energy
sources

P.9 Other natural materi-
als

Ill Other renewable natural

P10 Genetic resources

P11 Biochemicals, natural
medicine

P12 Freshwater

Cultivated plants as food/
forage for humans and
animals

Slaughter and productive
livestock

Edible plants and animals
from the wilderness

Fishes and seafood caught
in waters

Fishes, shells or algae
growing in ponds or farm-
ing installations

Raw materials from trees
in forests, plantations or
agro-forest systems

Fibres from herbaceous
plants (from nature or
cultivated)

Biomass from energy
crops and wastes

Materials for industry,
crafts, decoration, arts,
souvenirs

resources

Genes und genetical
information for breeding
and biotechnology

Raw materials for medi-
cine, cosmetics and others
to enhance health and
well-being

Clean water in ground-
and surface waters,
precipitation and in the
underground for private,
industrial and agricultural
use

Examples

Cereals, vegetables, fruits,
edible oil,
hay

Cattle, pigs,
horses, poultry

Berries, mushrooms, game

Eels, herrings, shrimps,
shells

Carps, shrimps, oysters

Timber, cellulose, resin,
natural rubber

Cotton, hemp, flax, sisal

Fire wood, charcoal,
maize, rape, dung, liquid
manure

Leather, flavorings, pearls,
feathers, ornamental
fishes

Seeds, resistance genes

Etheric oils, tees, Echina-
cea, garlic, food supple-
ments, leeches, natural
crop protection products

Rain, spring and fountain
discharge, bank filtrate
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Selected
indicators

Harvested yields (dt ha™),
contribution margin
(€ha™)

Stock density (livestock
units per ha), contribution
margin (€ ha™)

Shooting quota (animals
per ha), yields (€ ha™)

Catch quota and numbers,
harvest amounts (t ha™),
revenues (€ ha™)

Produced amounts (t ha™),
revenues (€ ha™)

Stock, growth, yields
(m3ha™, t ha™), revenues
(€ha™)

Yields (t ha™), revenues
(€ha™)

Yields (t ha™), energy
amount (MJ ha™)

Sold units (e.g. furs per

year), revenues (€ ha™)

Number of species

Yields, amounts of active
substance (kg ha™), rev-
enues (€ ha™)

Raw water, drinking water
(Tm?a), revenues (€ ha™)
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B Tab.3.2 Regulation services

Code/Name of the
ecosystem services

Definition/Description

| Climatologic and air hygienic services

R.1 Air quality regula-
tion

R.2 Climate regulation

R.3 Carbon sequestra-
tion

R.4 Noise protection

Il Hydrological services

R.5 Water regulation

R.6 Water purification

1ll Pedological services

R.7 Erosion protection

R.8 Maintenance of
soil fertility

Air cleaning, gas exchange

Impacts on the maintenance of
natural climatic processes and
on reducing the risks of extreme

weather events

Removing carbon dioxide from
the atmosphere and relocation

into sinks

Reducing noise immissions by
vegetation and surface forms

Balancing impacts on the water
level of watercourses and the

height, duration, delay and

avoiding floods, droughts and
(forest) fires, protection against
tidal flooding (e.g. by coral reefs,
mangroves), water as transport

medium, water power

Filter effects, storage of nutri-
ents, decomposition of wastes

Effects of vegetation on soil
erosion, sedimentation, capping

and silting

Regeneration of soil quality by
the edaphon (soil organisms),
soil generation (pedogenesis)

and nutrient cycles

IV Biological services (habitat functions)

R.9 Regulation of
pests and diseases

Mitigating influences on pests
and the spread of epidemics

Examples

Filter effects (fine dust,
aerosols), oxygen pro-
duction

Cold air production,
humification, reducing
temperature by the
vegetation, weakening
of extreme tempera-
tures and storms

Photosynthesis, fixation
in the vegetation cover
and in soils

Noise protection effects
of vegetation

Natural irrigation, soil
storage, leaching/
groundwater recharge

Nitrogen retention,
denitrification, self-
purification of rivers and
lakes

Protection against land-
slides and avalanches,
breaking winds

Nitrogen fixation, waste
decomposition, humus
formation and accumu-
lation

Songbirds, lacewings, la-
dybirds, parasitic wasps,
tics (Encephalitis)

Selected
indicators

Proportion of forests
(%), leaf area index

Proportion of forests
and open areas (%),
slope (°), albedo

Proportion of vegeta-
tion areas (%), soil forms
(e.g. peat)

Vitality, layering and
density of vegetation

Slope (°), land use (land
cover) (%), soil types

Land cover (%), soil
type, water structure
and stream margins

Slope (°), soil types, land
use, permanent land
cover, slope protection
forests, crop spectrum

Crop diversity, soil types,
removal of harvest
remnants and wood

Biocides applied,
naturalness and vital-
ity of the vegetation,
proportion of (semi-)
natural vegetation areas
(%), species spectrum
(parasites, predators,
pests)
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B Tab.3.2 Continued

Code/Name of the
ecosystem services

Definition/Description

R.10 Pollination Spread of pollens and seeds of

wild and domestic plants

R.11 Maintenance of

biodiversity breeds of cultivated plants and

livestock

are often neglected or not fully appreciated. One
reason is the difficulty of valuating them economi-
cally, especially in monetary terms. A second group
includes information services, i.e. the contribu-
tion of ecosystems to knowledge and education
(@ Tab.3.3).

3.25 Additional Classification Aspects

Classification systems that combine both ecosys-
tem processes and the results of these processes
cause redundancy (Box ‘The problem of double-
counting’). Hence, it should be strictly distin-
guished between the benefit people enjoy (or the
so-called ‘final services’) on the one hand and the
mechanisms that give rise to that benefit, the so-
called ‘intermediate services, on the other hand.
Any classification system containing both ecosys-
tem processes and the outcomes of those processes
within the same set will produce redundancy (Wal-
lace 2008).

The literature also raises the question whether
ES are delivered only by natural or semi-natural
ecosystems or if they can also be delivered by cul-
tivated areas (Cowling et al. 2008). This may cause

Conservation of wild species and

Examples

Honey and wild bees,
bumblebees, butterflies,
syrphid flies

Refuge and reproduc-
tion habitats of wild
plants and animals,
partial habitats of mi-
grating species, nursery
spaces (e.g. spawning
grounds for fishes),
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Selected
indicators

Proportion of (semi-)
natural vegetation areas
(%), biocide application,
proportion of flowering
plants, genetically modi-
fied organisms

Natural/semi-natural
vegetation (proportion
%), naturalness struc-
tural diversity, biotope
compound, number of
species, rarity, endan-
gering

cattle breeds

astonishment, as even an intensively used arable
field may represent a habitat for several plant and
animal species. Arable land has a better infiltration
rate and, hence, groundwater recharge compared
to forests! Biodiversity in cities may be high. Of
course, there are methodical specifications regard-
ing the ES of highly modified or man-made ecosys-
tems (e.g. urban ES, » Sect. 6.3).

Hermann et al. (2011) present a classifica-
tion that distinguishes between two main groups,
namely the active and passive functions. Whereas
the passive functions are divided into ‘regulating
and life sustaining functions’ of the natural systems
(environmental regulation, habitat protection,
biomass generation) and the ‘potentials’ (biomass,
raw material production and provision of terri-
tory for the different land uses and provision of
information and aesthetics), the active functions
are the services provided by human activities and
artificial territories (settlements, infrastructure
networks, recreation sites and agricultural sur-
faces, etc.). Apart from the fact that it is difficult
in practice to draw a sharp distinction between
cultivated and natural ecosystems, most of the ES
of Central European cultural landscapes would be
excluded by such a narrow ES concept. Instead, we
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B Tab.3.3 Sociocultural services

Code/Name of the
ecosystem services

Definition/Description

1 Psychological-social goods and services

C.1Ethical, spiritual,
religious values

Possibility to live in harmony
with nature, Integrity of

Creation, freedom of choice,
fairness, generational equity

C.2 Aesthetic values Diversity, beauty, singularity,
naturalness of nature and

landscape

C.3 Identification Possibility for personal
bonds and sense of home in

a landscape

Conditions for sports, recre-
ation and leisure activities in
nature and landscape

C.4 Opportunities
for recreation and
(eco)tourism

Il Information services

C.5 Education and
training values,
scientific insights

Opportunities to gain
knowledge about natural
interrelations, processes and
genesis, scientific research
and technological innova-
tions

C.6 Mental, spiritual
and artistic inspira-
tion

Stimulating fantasy and
inventiveness, inspiration

in architecture, painting,
photography, musics, dance,
fashion, folklore

C.7 Environmental
indication

Gaining knowledge of
environmental condi-
tions, changes and threats
by visually perceptible
structures, processes and
species

should follow an ES definition which does not dis-
tinguish between both ecosystem types (Loft and
Lux 2010).

It is not possible to simply dismiss the problem
that some ES are not only resulting from ecosys-
tem effects, but that natural effects interfere with
human influences. Thus, Boyd and Banzhaf (2007)

Examples

Bioproducts, sacred
places

Flowering mountain
meadows, harmoni-
ous landscape

Natural and cultural
heritage, places of
memory, traditional
knowledge

Accessibility, security,
stimuli

Natural soil profiles,
functioning ecosys-
tems, rare species,
traditional land
knowledge

Impressive land-
scapes, mounts, rivers,
cliffs, old trees

Indication with
lichens (air quality),
indicator plants (site
conditions)

Selected
indicators

Natural/semi-natural vegeta-
tion (%), extinct/threatened,
genetically modified organisms,
biocide application

Land use, vegetation types, crop
diversity, relief diversity/slopes

Natural and cultural monu-
ments, historical landscape
elements, architectural styles,
persistence/continuity of
landscape

Level of accessibility, carrying
capacity, snow cover, number
and area of waters, attractive
species, number of visitors

Natural and cultural monu-
ments, land-use forms, natural-
ness

Natural and cultural monu-
ments, diversity of the land

Species spectrum (ecologi-
cal groups), number of lichen
species, indicator organisms,
naturalness

pointed out that conventional agriculture requires
various inputs (soil quality, fertiliser application,
human labour) that influence the yield. This, how-
ever, makes the identification and assessment of
ES difficult, as too many non-natural factors are ef-
fective. In contrast, the amount of harvestable end-
products of nonactively cultivated ecosystems may
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The Problem of Double-Counting

A clear distinction between the
ecological phenomena on one
hand and their direct and indirect
contributions to human well-being
on the other hand is necessary to
avoid double-counting, especially
when considering the various ES as
a whole or a sum, e.g. as the Total
Economic Value. Double-counting
may arise due to the fact that
certain ES serve as prerequisite for
others and become a part of them
(Boyd and Banzhaf 2007, Balmford
et al. 2008, Wallace 2008).
Intermediate ES are basing
on complex interactions between
ecosystem structures and processes
and contribute to final ES, which
directly provide human benefits
and well-being (Fisher et al. 2009).
For example, clean drinking water
(e.g. from a lake) is traded on mar-
kets and is included as a product in
the calculation of welfare, but not
the upstream process of natural
water filtering. This process can
be described as an intermediate

service; its indirect value is included
in the value of the drinking water
(cp. Wallace 2007). The focus of ES
classifications on final ES does not
mean to abstain from a comprehen-
sive consideration and appreciation
of ecosystem structures, processes
and cause-effect interrelationships.

But the regulative services are
often also included in other ES, e.g.
pollination, which is important for
the maintenance of fruit-growing
in the ES ‘food provision’ Méler et
al. (2008) classified only provision-
ing and cultural ES to final ES but
regulative and supporting ES to
the ‘final’ ES as both provisioning
and cultural ES would influence
human well-being directly, whilst
the other two would do so only
indirectly.

After Costanza (2008) all ES
are‘only’means to achieve human
well-being. Ecosystem processes
may appear also as ES (the roles of
process or service are not mutually
exclusive), hence, on a case-by-case
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basis the same ES may be intermedi-
ate or final. Thus, the lake with drink-
ing-water quality mentioned above
may be regarded as a final product
of nature, and a direct societal
benefit can be attributed if the lake
serves as water reservoir (final ES).
In another context, the same lake
may be regarded as a supplier of
an intermediate ES, i.e. if the direct
benefit consists of fishing for leisure
and the special water quality only
ensures the fish stock in the lake
enabling fishing in the first place. In
this case, the indirect benefit of the
special water quality is included in
the direct benefit, which delivers the
fish stock for the angler (Boyd and
Banzhaf 2007, Loft and Lux 2010).
Generally, there are quite
controversial expert opinions with
respect to a clear classification
of intermediate and final ES, and
agreement may hardly be achieved.
Finally, the respective context and
pragmatic points of view are crucial.

be a measure for the assessment of ES. Also, the
example of sport fishing mentioned above shows
the difficulty while analyzing and evaluating ES.
Often, they can deliver benefits only through in-
teractions with other goods and services since the
recreation value arising through sport fishing con-
sists of natural conditions (landscape, lake, fishes)
and artificial goods (fishing rods, boat, etc.). In
other words: without technical tools like the fish-
ing rod the recreation value would not come into
effect (Boyd and Banzhaf 2007; Loft and Lux 2010).

For cases where for the provision of benefits
for humans not only ecosystem processes are
necessary, but also human impacts, Matzdorf et al.
(2010) suggested the term ‘environmental services.
For example, the maintenance of semi-natural
meadows with their ES relies on regular mowing.
Conscious exclusion of permitted actions, such as
the application of fertilisers can be regarded as a
human performance, too. Species-rich grassland

may be regarded as a final environmental good, for
its production both human and ecosystem impacts
are necessary. Hence, the evaluation, especially in
monetary terms, the anthropogenic part (human
performance =private costs) must be subtracted.
This means that agriculture delivers environmen-
tal services but no ES. Instead it uses them for the
production of demanded environmental goods
(» Sect.6.2.4).

The method developed for a welfare-oriented
perspective of the Swiss environmental report-
ing, defines altogether 23 final ES (Final Ecosystem
Goods and Services-FEGS) in the benefit categories
‘healthy, ‘safety, ‘natural diversity’ and ‘economic per-
formances’ (BAFU 2011). The attribute ‘service type’
indicates whether the provided service:

1. Isadirectly usable ES
2. Isaninput factor for the production of market
goods by the economy
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B Table3.4 Ecosystem services classified ac-
cording to their spatial characteristics (adapted

from Costanza 2008)

ES group

1. Global non-proximal
(does not depend on
proximity)

2. Local proximal (de-
pends on proximity)

3. Directional flow
related: flow from point
of production to point
of use

4. In situ (point of use)

5. User movement re-
lated: flow of people to
unique natural features

Examples

Climate regulation
Carbon sequestration,
carbon storage
Cultural/existence value

Disturbance regulation/
storm protection

Waste treatment
Pollination

Biological control
Habitat/refugia

Water regulation/flood
protection

Water supply

Sediment regulation/ero-
sion control

Nutrient cycle regulation

Soil formation
Local food production

Genetic resources
Recreation potential
Cultural/aesthetic values

3. Is provided by a natural/healthy habitat (eco-
system)
4. Contributes to final ES as an intermediate ES

(1) Directly usable ES cause discrete benefits to hu-
mans (e.g. recreation service). Input factors (2) are
final services of the ecosphere; they are integrated
in a market product (e.g. timber growth), they
belong to the benefit category ‘economic perfor-
mance. The performance type (3) natural/healthy
habitat (ecosystem) contains welfare contributions
of the environment, which-in contrast to the clas-
sical ES-are not ‘produced’ by ecosystems but they
rather represent qualities of the habitat enabling
humans’ health life (e.g. air quality). The (4) inter-
mediate ES are considered only exceptionally (e.g.
CO, sequestration), namely if the resulting ES oc-
cur only with long delay, and therefore cannot be
measured at the moment, yet.

The classification of ES according to spatial
characteristics is another possibility. This can be

B Tab.3.5 Classification of ecosystem services
according to their excludability and rivalness (after

Costanza 2008)
Excludable Nonexcludable
Rival Market goods and Open access re-

services (most
provisioning

sources (some
provisioning

services) services)
Nonrival Club goods Public goods

(some recreation and services

services) (most regulato-

ry and cultural
services)

useful if they are used as a basis for decisions on
different scales, or if Service Providing Area and
Service Benefiting Area are not congruent (Fisher
et al. 2009, » Sect.3.3).

Costanza (2008) grouped ES into five cate-
gories according to their spatial characteristics
(B Table 3.4). For example, he classified carbon se-
questration (CO, and other greenhouse gases; an
intermediate input to climate regulation) as global:
non-proximal since the spatial location of carbon
sequestration does not matter. Local proximal ser-
vices, however, are dependent on the spatial prox-
imity of the ecosystem to the human beneficiaries.
For example, ‘storm protection’ requires that the
ecosystem performing the protecting is proximal to
the human settlements being protected. Directional
flow related services are related to the flow from
upstream to downstream as is the case for water
supply and water regulation.

Another way to classify ES is according to their
excludability and rivalness status (Costanza 2008,
@ Tab. 3.5). Thus, individuals can be excluded from
benefiting from excludable goods and services. Most
privately owned, marketed goods and services are
relatively easily excludable. One can prevent oth-
ers from eating the tomatoes one has grown or the
fish one caught unless they pay for these goods. But
it is difficult or impossible to exclude other people
from benefiting from many public goods like a well-
regulated climate, fish in the ocean, or the beauty of
a forest. Goods and services are rival if one person’s
benefiting from them interferes with or is rival with
other people benefiting from them. If one person
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eats the tomato or the fish, another cannot. But if
one person benefit from a favourable climate, other
people can also do the same. There are cultural and
institutional mechanisms available to enforce exclu-
sion, while rivalness is a function of demand (How
do benefits depend on other users?).

Conclusion

All attempts to develop a generally applicable clas-
sification system must be viewed with caution as
they are not targeted to a certain extent. ES arise
through complex interactions of the biotic and
abiotic environment, claims on utilisation and the
expectations of the users. An inappropriate clas-
sification system as a basis of assessments hardly
leads to reliable results. If decisions shall be taken
on an economic evaluation, the classification after
the Millennium Ecosystem Assessment (MEA 2005)
is less useful since multiple counting may occur.
For this purpose, a classification should distinguish
between intermediate and final services and ben-
efits. Nevertheless, there is striving for internation-
ally consistent classification systems. The European
Environmental Agency (EEA) is promoting the Com-
mon International Classification of Ecosystem Goods
and Services (CICES). The goal of CICES is, starting
from the Millennium Ecosystem Assessment, to de-
velop a new classification system, which is compat-
ible with the already existing national accounting
systems (Haines-Young and Potschin 2010).

33 Space and Time Aspects of ES!

K. Grunewald, O. Bastian and R.-U. Syrbe

3.3.1 Fundamentals, Control Scheme

“Space and time are modes in which we think, not
conditions in which we exist (A. Einstein).”

There are significant deficits in knowledge and
many open questions concerning spatial aspects
of ES. Ecosystems and their services are always
linked to space and time. This issue was addressed

1 Sect.3.3isin main parts based on the paper of Bastian
et al. (2012a)
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repeatedly in the literature, but so far relatively few

operationalised and systematised in terms of con-

ceptual and methodological aspects (e.g. Hein et al.

2006; Bastian et al. 2012a). However, there are more

and more international publications that operate

spatially explicit, e.g. the results of the PEER project

(PEER Research on EcoSystem Services, » www.peer.

eu/projects/press/).

The term ‘space’ is used and considered very
important and constitutive in a wide range of sci-
entific disciplines, e.g. philosophy, mathematics and
physics, but also history, medicine, theology, archae-
ology, education science and sociology. Of course,
this term is especially important for the inter- and
multidisciplinary spatial sciences, such as geography,
environmental sciences, urban development and
architecture, spatial planning, traffic sciences and also
sociology and economics (cf. Miiller 2005). Accord-
ing to Blotevogel (1995) we understand ‘space’ as a:

a. tangible physical space (pattern of different
ares and cubes), which can be described objec-
tively;

b. the natural human environment (e.g. land-
scape); and

c. social space (social construction of reality, spaces
of collective actions, areas of spatial allocations).

Various main research questions need to be re-
solved in order to better integrate ES into landscape
planning, management and decision-making, as
identified by De Groot et al. (2010), who calls for
a focus on aspects such as: ‘How can ecosystem/
landscape functions and services be spatially de-
fined (mapped) and visualised?, and: “What is the
influence of scaling-issues on the economic value of
ecosystem and landscape services to society?’

The arrangement patterns and spatial relation-
ships of ecosystems are hardly ever taken into ac-
count (Blaschke 2006), and ‘spatial and temporal
dimensions of ecosystem service production, use,
and value are not well understood’ (TEEB 2010).

If the space-time dimensions of the ES concept
are not well understood, the conclusion is inevi-
table that nature and its services cannot be inte-
grated adequately into political decision-making
processes. This is especially true of cases involving
distribution options.

There are further questions, e.g.: to what extent
specific methods are necessary for analyses and
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B Table3.6 Physical and social space perspective and EPPS approach as a framework methodology

Pillar 1:
Ecosystem properties

Space

Terms/types/reference
units

Causal relations, interde-
pendences

Matter and energy fluxes
between ecosystems,
neighbourhood effects,
functioning

Complementary spatial
approaches, landscape
perspective

Extended perspective, e.g.
by means of ethical and
aesthetic aspects

evaluations in the particular scales? How can spa-
tial approaches in the areas of nature and society
be harmonised? How can we define clear space and
time relations, especially with regard to distribution
options?

Within the EPPS-framework (» Sect. 3.1) prin-
ciple solutions for capturing spatially relevant as-
pects are offered; @ Table 3.6 gives an orientation for
it. Appropriate representations and visualisations of
spatial aspects of ES should also be considered.

Time aspects are of great relevance related to
space. ES are subject to various temporal dynam-
ics. Of particular importance are the different, for
the formation of the respective services necessary
time spans, the nonsimultaneity in the multifunc-
tional use, and the temporary differences between
the provision and use of services or goods (Fisher
et al. 2009). The changes in individual services over
time are very relevant because functional effects of
interventions, plans and other policy measures can
be evaluated either retrospectively or may be esti-
mated in advance (scenarios and forecasts). Anoth-
er aspect is the variability of individual and societal
value systems.

Spatial Aspects of Ecosystems

The spatial reference of ES appears in many ways.
The generation of ES requires ecosystems with spe-
cific (including spatial) characteristics. To be able

Pillar 2:
Ecosystem potentials

Pillar 3:
Ecosystem services

Definition, identification and delimitation of spatial units
Scales, hierarchy, homogeneity/heterogeneity

Suitable units, risk space Trade-offs (e.g. flows
of values) between ES,
overlapping, supply and

demand

Benefit-transfer, costs of
planning alternatives,
assessment approaches
based on cultural land-
scape aspects, complex
and integrative ap-
proaches

Specifics of landscape
units, planning alterna-
tives

to supply ES, special areal requirements (minimum
areas) of the ecosystems concerned are necessary.
For example, animal populations need specific
minimum areas of appropriate quality for their sta-
bility and their survival; a forest must have a size of
several hectares to be able to influence the micro-
climate in the vicinity; a body of groundwater must
have a minimum size or rate of groundwater re-
charge in order to be able to supply usable amounts
of drinking water. Sometimes only single parts of
ecosystems, single (organism) species, individuals
or parts of them (roots or leafs of plants) are re-
sponsible for ES generation.

Frequently, a specific spatial composition or pat-
tern of several ecosystems is necessary to generate
ES. Composition aspects are also manifested in the
spatial congruence or divergence of ES (e.g. Ander-
son et al. 2009), or in mutual influences. There can
be spatial concordance among different services.
Some ES co-vary positively: for example, maintain-
ing soil quality may promote nutrient cycling and
primary production, enhance carbon storage and
hence climate regulation, help regulate water flows
and water quality and improve most provisioning
services, notably food, fibre and other chemicals
(Ring et al. 2010). Other services co-vary negatively
(» Sect.3.1).

Multiple ES can be interconnected and inter-
linked in ‘bundles’ (MEA 2005). Willemen (2010)
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refers to interactions between landscape functions

(or ES), which can be categorised into three classes:

1. Conflicts: the combination of several land-
scape functions reduces the provision of ser-
vices to society of a particular landscape func-
tion

2. Synergies: the combination of functions en-
hances a particular function

3. Compatibility: landscape functions co-exist
without reducing or enhancing one another

Whether different ES co-vary positively or nega-
tively often depends on the configuration of the eco-
systems or landscape elements involved at a specific
scale. Productive land uses require compensation
areas for the maintenance of key ecosystem provid-
ers. By contrast, sensible ecosystems need buffers
to shelter them from harmful side effects. None-
theless, in places without enough space for all de-
sired functions in a landscape to operate equally,
complex structures and sophisticated sequences of
different ecosystems might be able to maintain the
majority of them. In practice, mainly at local levels
rather than at regional scales, we are familiar with
structural environmental quality standards, such
as buffer stripes, habitat connection, wildlife corri-
dors and SCA concepts, as described below. A well-
known example is the zoning within large protected
areas (national parks, biosphere reserves), where
core zones (wilderness) are buffered by managed,
near natural zones, which in turn provides a gradi-
ent to the more intensively used areas (e.g. farm-
land) outside the protected areas.

Spatial Aspects of ES Providers and ES

Beneficiaries (Functional Connections)

In spatial analyses of ES, not only the source area
of a service is interesting but also the demand area,
i.e. the areas where the benefits are required and
realised. Hence, we need to address both provid-
ers and beneficiaries of ES: who provides the ES?
For whom are they provided or who benefits from
them? Within which spatial position is the ES gen-
erated and supplied and where is it used (where
are providers and beneficiaries located)? We should
also consider spatial cost/benefit relationships, such
as spatial, ‘benefits here-costs there’ trade-offs,
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where a service is provided in one location for the

benefit of another. This creates a relation between

the ES provider (the person/or group responsible
for an ES or environmental responsibility) and the

ES Dbeneficiary, or between winner/s and loser/s

(Ring et al. 2010).

There are often distinct spatial differences
between areas where ES are generated (SPA-Service
Providing Areas) and areas which benefit from the
ES (SBA-Service Benefiting Areas, correspond to
the SPU » Sect. 3.1.2). If providing and benefiting
areas (SPA and SBA) do not adjoin, there will neces-
sarily be a space between them, the so-called Service
Connecting Area (SCA) (Syrbe and Walz 2012). For
instance, flood protection is provided mainly in the
mountains (by water storage reservoirs) and ben-
efits cities along the middle and lower stretches of a
river. In between, the river course can alter a flood
wave. The SCA should be identified to support the
transmission from the SPA to the SBA, for instance
by avoiding or removing barriers (e.g. in water
streams or in biotope networks). Thus, a natural
floodplain, which is connected with the river and
not separated by dams, can be regarded as a SCA,
too. It can contribute to flood mitigation in favour
of downstream settlements. The identification of
SP and beneficiaries helps to avoid free riders or at
least to reduce their effect on ES consumption.

Fisher et al. (2009) proposed a classification
scheme that describes relationships between ser-
vice provision and benefit (i.e. where and by whom
benefits are realised):

a. both the service provision and benefit occur at
the same location (e.g. soil formation, provi-
sion of raw materials)

b. the service is provided omni-directionally and
benefits the surrounding landscape (e.g. pol-
lination, carbon sequestration)

c. specific directional benefits, e.g. down slope
units benefit from services provided in uphill
areas in mountains; the service provision unit
could be coastal wetlands providing storm and
flood protection to a coastline

An additional case could be added to these classes
as the counterpart to (b):
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d. the service is provided in large (hardly limited)
areas and benefits small, discrete locations (e.g.
a settlement).

The cases described in (b) and (c) necessarily lead
to scale transfers (» Sect. 3.3.1Scale and Dimension).
According to such spatial characteristics, Costanza
(2008) groups ES into five categories. For example,
services like carbon sequestration are classified as
‘global: non-proximal, since the spatial location of
carbon sequestration does not matter. Nowadays,
due to carbon trades spatial scales in CO, storage
area are becoming more crucial and need to be con-
sidered on a finer scale. When one pays for CO,
storage, e.g. by planting trees, he would like to know
where the trees are planted and how much carbon
will be sequestrated. ‘Local proximal’ services, on
the other hand, are dependent on the spatial prox-
imity of the ecosystem to the human beneficiaries.
For example, ‘storm protection’ requires that the
ecosystem doing the protecting be proximal to the
human settlements being protected. ‘Directional
flow related’ services are dependent on the flow
from upstream to downstream, as is the cases of
water supply and water regulation. Other services
are ‘in situ (point of use)’ (e.g. soil formation) or
‘user movement related: flow of people to unique
natural feature’ (e.g. recreational potential).

Aspects of Time

Ecosystems do not only need special time spans for
their regeneration, they are also subject to natural
fluctuations and trends, which can alter their func-
tionality and capacity (to supply ES) periodically,
episodically or permanently. The Millennium Eco-
system Assessment (MEA 2005) predicts a decline
of many ES. Land use (intensification) is or will be
a major reason for this (EASAC 2009). Changes in
ecosystems and the ES they supply are increasingly
caused by humans. The knowledge of time-depen-
dent changes of ES are of great practical importance
since it helps to evaluate practical consequences of
impacts, plans and policies for humans and socie-
ties either ex-post or ex-ante (scenarios and prog-
noses). Not only ecosystems or ecological proper-
ties can change; so, too, can economic values and
the values that different stakeholders attach to the
services. For example, infrastructure and transpor-

tation costs can change, which leads to new spatial
and economic relationships between SP and benefi-
ciaries. Methods are needed to reveal natural fluc-
tuations or changes of ecosystems more detailed in
order to be able to better adapt impacts caused by
human utilisations.
Systematically, the following time aspects are
especially important:
1. The minimum time requirements for the
generation of particular ES
2. 'The disparity in the multifunctional use re-
quirement for adequate temporal sequences in
the provision and utilisation of ES (e.g. con-
cerning water sampling, flood runoff, fishing)
3. 'The temporal differences between supply and
demand or use of goods and services, so-called
time lags (e.g. between water sampling from
the water bodies and water consumption, or
between water accumulation in the moun-
tains and the crisis situation in the valley; e.g.
Grunewald et al. 2007).

Functional traits (or SPU, ESP-see above) may con-
tribute to service provisions to a different degree,
not only in different places, but also at different
times (De Bello et al. 2010).

To consider the capacity of ecosystems to sup-
ply ES sustainably is a basic issue for the develop-
ment of the ES concept and also needs to be fun-
damentally implemented in its methodology. Thus,
it is also crucial to adjust the sequence of different
land uses in an intelligent manner to minimise
impacts. For instance, crop rotation can influence
flood regulation. A tight crop rotation, adapted
intercrops, or conservative cultivation can close
critical bare fallow periods to reduce erosion and
surface runoff.

One of the most important issues refers to the
sometimes huge differences between the periods
in which natural developments occur and the time
frames of social processes (public awareness, politi-
cal opinion-making, parliamentary terms, human
lifetimes).

Ring et al. (2010) highlight the question of
temporal trade-offs: benefits now-costs later. Such
trade-offs represent the central tenet of sustainable
development stipulating that it ... meet the needs
of the present generation without compromising
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the needs of future generations ... Therefore, even
the inter-generational time lags need to be ad-
dressed (» Sect.2.2).

Time differences between the supply of ES on
the one hand and the use of goods and services on
the other can usefully be expressed by the concept
of natural potentials (» Chap.2 and » Sect. 3.1). The
concept of natural potentials (see Neef 1966; Haase
1978; Mannsfeld 1979, Bastian and Steinhardt 2002;
Burkhard et al. 2009; Grunewald and Bastian 2010;
Bastian et al. 2012b) aims to display the service
capacities of an area as a field of options available
to society to use while taking different categories
into account, which limit or even exclude certain
intended uses, such as risks, carrying capacity, and
the capacity to handle stress (increasingly sum-
marised today in the term ‘resilience’). Analogously,
e.g. de Groot et al. (2002) and Willemen (2010) use
the term ‘capacity’ and define ‘ecosystem functions’
(and ‘landscape functions’) as ‘the capacity of nat-

ural processes and components to provide goods
and services which directly and/or indirectly sat-
isfy human needs, and the Millennium Ecosystem
Assessment (MEA 2005) refers to ‘the capacity of
the natural system to sustain the flow of economic,
ecological, social and cultural benefits in the future’
(see also option values, » Sect.3.1and » Sect. 4.2).

Scale and Dimension
The scale dependence of ES is an additional but
rather poorly investigated aspect (MEA 2005; Hein
et al. 2006). Recent research emphasises that both
the manner in which we are dissecting our reality
and the scale of investigation influence the results
significantly (Blaschke 2006). Ecological structures
and processes as well as ES manifest themselves at
different scales and in quite different manners at the
local, the regional and the global scale (@ Fig. 3.4).
According to its original definition, ecosys-
tems can be defined at a wide range of spatial scales
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(Tansley 1935), from the level of a small ephemeral
sunlit spot on the forest floor up to a whole forest
ecosystem spanning several thousands of kilome-
tres and persisting for decades or centuries (Forman
and Godron 1986). The supply of ES depends on the
functioning of ecosystems, which is in turn driven
by ecological processes operating across a range of
scales (MEA 2003; Hein et al. 2006). Hence, ES de-
pend on several scale issues. Often, specific ES are
generated and supplied at particular scales (Hein et
al. 2006; Costanza 2008; Bastian et al. 2012a).

As an example, carbon sequestration and cli-
mate regulation are related more to the global
scale-notwithstanding the fact that the global
balance will be improved by a multitude of local
measures. On the other hand, protection against
floods by coastal or riparian ecosystems as well as
regulation of erosion and sedimentation requires
various scales. Pollination (for most plants) and
regulation of pests and pathogens refer to the eco-
system level or the local scale (Hein et al. 2006).

According to various scale levels, scale-de-
pendent process variables and magnitudes require
scale-adapted methods of analysis and evaluation,
which has already been addressed by the dimen-
sion theory (Neef 1963). Using this, the approaches
developed at the local and regional scales can be
transferred (adapted, applied and checked) to the
supra-regional or even to the global context (bot-
tom-up strategy). But the reverse approach (top-
down) is possible as well. For example, the results
of the Millennium Ecosystem Assessment (MEA
2005) (global scale) need to be underpinned by case
studies at the local to regional levels (Ne8hover et
al. 2007) (» Chap. 6). Due to the fact that the com-
bination and processing of data from quite different
temporal and spatial scales and the transition from
one scale to another can cause problems concern-
ing the expressiveness and interpretation of data
and information (Neef 1963), the choice of a suit-
able dimension is essential for any conceptual and/
or methodological ES framework.

It is necessary to distinguish between scales re-
lated to socio-economic and ecological issues:

Ecological and institutional boundaries seldomly

coincide and stakeholders of ES often cut

across a range of institutional zones and scales

(de Groot et al. 2010). Services generated at a

particular ecological level can be provided to
stakeholders at a range of institutional scales,
from the individual and household to the local/
municipal, state/provincial, national and inter-
national/global community levels. Stakeholders
at a particular institutional scale can receive ES
generated at a range of ecological scales (Hein
et al. 2006; de Groot et al. 2010).

The fact that ES are generated and supplied at
various spatial scales has a strong impact on
the value that various stakeholders attach to
the services as the scale at which the system
service is supplied determines which stake-
holders may benefit from it and what their
interests would be.

Spatial trade-offs in terms of local costs and
regional or global benefits and vice-versa (e.g.
of water purification, carbon sequestration,
biodiversity conservation), so-called spatial ex-
ternalities (Ring et al. 2010), are also a question
of scale. The costs of conserving ecosystems
and biodiversity fall mostly on local land users
and communities whereas the beneficiaries of
conservation are not only found at the local
level but also far beyond it at the national and
global scales.

There are also various scales at which deci-
sions on natural resources and ES are made.
The identification of scales and stakeholders
allows an analysis of potential conflicts in
environmental management, in particular
between local stakeholders and those at larger
scales. Considering scale issues in ecosystem
management can be important as a basis for
establishing compensation payments to local
stakeholders who face opportunity costs of
ecosystem conservation. Furthermore, they
provide insight into the appropriate institu-
tional scales for decision-making on ecosystem
management (Hein et al. 2006).

There is a strong need to examine the various scales
at which ES are generated and used and, subse-
quently, how the supply of ES affects the interests of
stakeholders at various scales (Tacconi 2000; MEA
2003; Turner et al. 2003; Hein et al. 2006). Hence,
the possible scale transitions of ES and the relevant
traits need to be examined carefully.
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Scale trade-offs are very difficult to manage
(» Sect. 3.1.2 Trade-offs, Limit Values, Driving Forces
and Scenarios), because they include, in both space
and time, shifts of costs and benefits transcending
levels of magnitude—small- and large-scale, as well
as short- and long-term. Threats on biodiversity and
climate, deforestation, and desertification do not
imply simple transfers of costs from just one area to
other regions or continents. Most likely there will
be transfers to later periods and future generations.
This problem can render ecosystem payment sys-
tems as well as immediate political reactions dif-
ficult or even impossible. Regarding time scales it
is very important that ‘analyses of the dynamics of
ES supply require consideration of drivers and pro-
cesses at scales relevant for the ES at stake’ (de Groot
et al. 2010). Due to the scale trade-oft problem, the
transfer of ES assessments over the different scales
(‘glocal valuation’) needs to analyze the specific
units and scales of Service Providing Areas (SPA)
and Service Benefiting Areas (SBA) (» Sect.3.3.2).

Scale issues lead to the question of reference
units. Adequate spatial reference units are necessary
for the sampling, analysis, and assignment of data,
as well as for the assessment and modelling of ES
(Bastian et al. 2006). The reference units should be
related to scales that are ecologically reasonable and
policy relevant and they should express the com-
plexity of facts and relationships. Examples for eco-
logical units are ecosystems, watersheds, landscapes
and geo-chores (Haase and Mannsfeld 2002; Bastian
et al. 2006; Blaschke 2006). For example, the sup-
ply of the hydrological service depends on a range
of ecological processes that operate, in particular,
at the scale of the watershed (de Groot et al. 2010).
Examples for socio-economic reference units are:
administrative units (municipality, district, state,
country) and land-use units. The mismatch of ad-
ministrative/socio-economic and ecological units
and data is a crucial problem (e.g. population statis-
tics on administrative units not matching catchment
boundaries), which needs special attention.

Ecological reference units can be used for
benefit transfers (benefit-transfer, » Sect. 4.2; e.g.
Plummer 2009): Ecological data and analyses from
a particular reference unit can be transferred to a
certain degree to ecologically similar and therefore
comparable units (incl. the capacity to supply goods
and services).
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Control Scheme for ES Space

and Time Considerations

In order to check and improve the given method-
ological ES frameworks and studies concerning the
consideration of important space and time aspects,
we propose the following check list (@ Table 3.7). It
can help avoid overlooking or missing important
aspects, and it provides a guideline for the quality
control of ES assessments as well as for the analysis
of the aspects taken into consideration. The relevant
issues (space, time and scale aspects) have been de-
scribed above (The relevant key words are in italic).
We explicitly intend to introduce the check list even
into fields that have not been affected by the ES
concept to date. The scheme is demonstrated by the
example of the European Water Framework Direc-
tive (WFD 2000), which addresses many space and
time aspects. In fact, it does not mention the ES
concept and terminology, but implicitly aims to
maintain and improve several ES.

3.3.2 Case Study: EU-Water
Framework Directive
(WFD) and ES

WFD-Contents

The application of the EU Water Framework Di-
rective (WFD 2000) implies consideration for
many space and time aspects, as we seek to demon-
strate below, using the example of the Elbe River
management plan (@ Tab.3.8). The WFD is a direc-
tive designed to harmonise the legal framework of
water policy in the EU. It also aims at a stronger
orientation of the water policy towards a sustain-
able and environment-friendly use of water. Due to
the quite heterogeneous natural conditions within
the EU, the WED is confined to establishing gen-
eral quality goals and to indicating methods for
meeting those goals and achieving favourable wa-
ter quality.

The core of this directive is the establishment of
the WED of environmental goals including sustain-
able land use (long-term sustainable water manage-
ment basing on a high level of protection for the
aquatic environment), and also the optimisation of
ES (e.g. human health protection, economic con-
sequences).



60 Chapter 3 - Conceptual Framework

B Table3.7 General check list of space and time issues related to ES (Bastian et al. 2012a)

Pos. Issue

1Space aspects

Criteria, examples

Minimum area (for the supply of ES) with a special quality (structure, abiotic

Completeness of required partial habitats of animals, land cover diversity,

Shape, core areas, buffers, land-use gradients, proximity, mesh size

Supply-transfer-demand relations, transmission and transfer likelihood (e.g.

11 Areal requirements
characteristics, biodiversity)
12 Spatial composition
patch richness, a set of ESP
13 Spatial configuration
1.4 General: functional
connection

2 Time aspects

2.1 Time requirements
22 Temporal sequences

for ES
23 Time lags

habitat networks, river-floodplain relations)

Minimal process time, regeneration time (of ecosystems and ES)

Natural oscillation, land-use time pattern and interferences, storage capacity

Precaution measures, risks, option values, inter-generational time lags (the

present generation benefits, the next pays for environmental damages)

3 Scale and dimension

3.1 Suitable dimension
resolution

32 Transition

Compeatibility of scale and measures, reference units, areal and temporal

Consideration of upper/ lower scale effects (up-scaling, down-scaling), analysis

of transition risks, transfer offsets

B Tab.3.8 Scheme of spatial levels in the Elbe River management plan

Scale Physical level

Macro Total catchment area, watershed-related
coordination units

Meso Partial catchment areas, coordination and
planning units

Micro Small catchment areas, study areas, sur-

face waters and groundwater bodies

The ‘translation’ of normative regulations in the
WEFD into numerical class limits of a ‘favourable
state’ applies scientific methods. Socio-economic
aspects are also taken into consideration by the
WED in the form of ‘exceptions’ from the goals,
and of cost efficiency analyses.

The goals of the WFD imply mainly the follow-
ing benefits, reflecting a whole bundle of ES:

Institutional level

International Commission for the Protection of the Elbe
River, countries/states

States, counties, catchment areas, area-specific panels

Districts, municipalities, working groups and commodity
teams, clearing meetings

Human health protection by water-related
utilisations, e.g. bathing-water quality, drink-
ing-water quality

Lower costs for water purification
Maintenance of water supply

Improvement of life quality by increasing the
recreation value of surface waters

Coping with conflicts and regional damages
through the balance of interests among differ-
ent social groups
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The precautionary principle, information and
transparency shall be considered consequently. The
WEFD contains mechanisms to assure that socio-
economic effects are considered in decision-making
processes and that cost-effective options are pre-
ferred. The implementation of the environmental
goals, however, can cause additional costs but it can
be profitable for some beneficiaries (e.g. landscape
management companies) and-in the long run-
for the whole society. According to the particular
watershed, the goals depend on the difference be-
tween the actual and the target state as well as on the
choice of instruments and management measures.
Space-time approaches play a decisive role.

Selected Spatial and Scale Aspects

of the WFD

The spatial orientation towards river basins is de-
cisive. Until recently, Germany’s water body man-
agement was organised predominantly according
to political borders and administrative units. The
water policy changed first in Great Britain and in
France where it was oriented on watershed units.
This gave the impulse for a European regulation.
As the watersheds of many large European rivers
(Meuse, Rhine, Elbe, Oder, Danube) exceed state
borders, a common European regulation was ad-
visable. A similar situation applies to groundwater
bodies, which are also independent of political bor-
ders.

The international Elbe river basin unit contains
146,828 km? and it is divided into 10 coordina-
tion units. The Czech Republic is responsible for
five coordination units (Upper and Middle Bohe-
mian Labe/Elbe, Upper Vltava/Moldau, Berounka,
Lower Vltava/Moldau, Ohte/Eger), while Germany
is responsible for the other five coordination units
(Mulde-Elbe-Black Elster, Saale, Havel, Middle
Elbe/Elde, Tidal Elbe). Except for the coordina-
tion unit Lower Vltava/Moldau, minor parts of the
coordination units with Czech responsibility are
situated in Germany (Ohte/Eger and Lower Bohe-
mian Labe/Elbe, Berounka, Upper Vltava/Moldau),
Austria (Upper Vltava/Moldau) and Poland (Up-
per and Middle Bohemian Elbe). The International
Commission for the Protection of the Elbe River
(ICPER) has the role of a supra-national coordina-
tion agency (e.g. water monitoring, supra-regional
goals and strategies).
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Management plans for large-scale river ba-
sin units, e.g. the plan for the Elbe watershed in
Germany, contain, due to these large dimensions,
specifically for the dimensions, strongly aggregated
statements. They refer to such questions as: ‘Who
provides the ES and who pays for them?’ They also
consider the specific spatial categories for ecologi-
cal analyses, planning and decision-making.

As EFTEC (2010) noticed, the spatial analysis of
the management plans:

Helps better organise locally specific data on

water bodies and provides a consistent basis

for accounting the context-specific nature

of economic values, in particular in terms of

spatial variation

Allows better representation of WFD imple-

mentation impacts (e.g. in identifying the

location of improvements in environmental
quality)

Provides a basis for assessing spatial variation

in economic values. This implies that more

robust estimates of aggregate costs and benefits
can be obtained and additionally, that the dis-
tributional impacts can also be examined.

The real planning and implementation of measures
takes place at the regional and local levels within
meso- and microscale spatial subunits. For this
purpose, combined top-down and bottom-up ap-
proaches are necessary: supra-regional environ-
mental goals and needs must be down-scaled to
regional and local action targets. In contrast, the
measures must be aggregated according to the re-
lated river basin units and coordination units.
After EFTEC (2010), a key aspect of the WFD
implementation is concerned with the spatial and
geographic aspects of water bodies. It is necessary
to understand how the impacts of measures may
vary over spatial scales. These effects will not only
have an impact on the direct benefits related to the
water bodies themselves but can also have indirect
beneficial or detrimental impacts elsewhere. In
the case of water quality, and in particular rivers,
most of the relationships between ES production
areas and benefit areas are ‘directional’ in a down-
stream direction (rather than ‘in situ’). In some
cases the beneficial effects can be spatially very re-
mote from the area of a targeted intervention. For
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example, reducing diffuse pollution may enhance
terrestrial biodiversity, soil quality and erosion
control in addition to the water quality benefits
downstream (Grunewald et al. 2005, 2008; EFTEC
2010) (@ Table 3.7 und @ Tab. 3.10, line 3.2: scale
transition).

Accordingly, for management purposes (assess-
ments of the state, targeting) the Elbe river basin
has been divided into 61 planning units ranging in
size from 300 to 5600 km?, 3896 surface water bod-
ies and 327 groundwater bodies. The institutional
levels and the information levels, including the
accuracy of data, should be in reference to these
scales (B Table 3.7 und @ Tab. 3.10, line 3.1: suitable
dimension).

The chemical, biological and ecological quality
of waters depends on a variety of influences. In or-
der to assess them and to take action, an integrated
approach and a broad database are the key necessi-
ties. The WFD prescribes consistent and therefore
comparable criteria for the provision and updating
of these data. For example, Article 10 of the WFD
prescribes that the loads from point sources (es-
pecially industrial wastes and from sewage purifi-
cation works) and diffuse sources (especially from
agricultural land) should be considered together.

This is based on spatially-specific analyses and
documentations of loads (main sources). Typi-
cal questions are: Which waters (surface waters,
groundwater) are polluted by nutrients (N, P) and
to which extent? What is the contribution of parts of
catchment areas or of countries/states to the eutro-
phication of the North Sea and what are the specific
potentials for reducing these loads? Such spatially
relevant distribution options were traded off in the
framework of the Elbe river basin Agency (Flussge-
bietsgemeinschaft Elbe-FGG Elbe 2009). It is obvi-
ous that the efforts to reduce N can and should be
especially high in the German states of Schleswig
-Holstein and Saxony, while the potentials to reduce
P are especially high in Thuringia, Schleswig-Hol-
stein, Saxony-Anhalt and Saxony (8 Table 3.9 and
@ Table 3.10, 1.4: functional connection).

This supra-regional distribution of nutrient re-
ductions must be further underpinned in the wa-
ter basin subunits. In terms of spatial aspects, for
example, it needs to be clarified whether agro-en-
vironmental payments, e.g. for intermediate crops,

O Table3.9 Expected reductions of nutrient
loads of the Elbe River for the protection of the
North Sea in tributary rivers, by country/ Ger-
man state (reference year: 2006; measurements
between 2009 and 2015; nutrient inputs into
primary flowing waters, as per FGG Elbe 2009)

Country/ Nitrogen Phosphorus
state

% ta™ % ta”’
Czech Re- 5 ~3120 7 ~150
public
Brandenburg, 0,8 ~47 1.5 ~8
Berlin
Bavaria 35-75 ~195 2-5 ~3
Hamburg 10 ~85 10 ~3
Mecklenburg- 19 ~400 5 ~5
Western
Pomerania
Lower Saxony 27 ~270 27 ~12
Schleswig- 16.6 ~1650 187 ~70
Holstein
Saxony 10-1 ~2740 1113 ~75
Saxony-Anhalt 3.9 ~625 13.4 ~60
Thuringia 5 ~600 23.6 ~80

or soil protection against erosion are provided for
all arable fields, or if they are concentrated on fo-
cus areas. Analyses of efficiency and acceptance are
necessary for this (Grunewald and Naumann 2012).
It is also essential to make arrangements for coop-
erative efforts and to negotiate solutions between
the land users (farmers) and the beneficiaries of ES
(here society as a whole).

Time Aspects of the WFD

The WED outlines several time limits for the legal
implementation of the Directive itself, the analyses,
the monitoring programme, the management plans
and the specific programmes (time tables) for the
undertaken measures. More important, it is estab-
lished until when a ‘favourable state’ of the water(s)
has to be reached. Time aspects are especially con-
sidered with respect to the practical implementa-
tion of the WED. The clear requirements for ES
providers and beneficiaries correspond to the time
spans for the realisation of measures, e.g. for reduc-
ing nutrient loads or the reporting obligation of the
countries/states (@ Table 3.10, line 2.1: Time require-
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B Table3.10 Check list of space and time issues exemplified by WFD (2000)

Pos. Issue

1 Space aspects

Implementation in WFD (examples)

Minimum sizes of standing waters (50 ha) and catch-

1.1 Areal re-
quirements ments (of flowing waters: 10 km?) in the WFD taken into
account; catchment alignment instead of administrative
units
1.2 Spatial com- Combined consideration of surface and groundwater,
position management of entire catchments
13 Spatial con- Configuration issues only partially implemented with
figuration mappings of the waters' structure; fish migration ability
considered; confined to big- and medium-sized water
bodies
(i.e. two-third of streams are not considered in terms of
their structure)
1.4 General: Orientation towards human health, quality of life, joint
functional consideration of biological, chemical and ecological
connection quality

2 Time aspects

Differentiating management measures by graduated

Targets in accordance with ecological processes are dif-
ferentiated according to specific time periods; flexible

21 Time require-
ments time periods
22 Temporal
sequences
management priorities
23 Time lags

3 Scale and dimension

31 Suitable
dimension
32 Transition

Strict application of the precautionary principle, (flood)
risk minimisation

Combined top-down and bottom-up approach, plan-
ning and management regional, but measured locally

Partly considered: influences on adjoining seas and
estuaries as well as effect on climate protection goals-
rather good; on floodplains and floods:poor

63 3

ES-example: Groundwater
Recharge

Mapping areas and state of
groundwater bodies

Mapping groundwater re-
charge (supply) and ground-
water extraction (demand),
accounting balance

Hydrogeological maps, land
use, etc.

Maps of groundwater
protection

Time aspects of groundwater
flows, monitoring (water
level gauge)

Natural conditions can vary
(precipitation necessary

for water infiltration, crop
rotation), trends (e.g. climate
change)

e.g. water protection areas

Hierarchy of catchment areas

Many local measures can
effect groundwater recharge
regionally (or regarding the
whole water body)

ments). The concrete, super-ordinate timetable with
milestones is obligatory for all parties concerned:
beginning with the transformation of the WFD into
national legislation in 2003 and ending with the
achievement of the ‘good ecological state in river
basins’ in 2015, with the possibility of extending this
time limit until 2021 or 2027 (WFD 2000).

It must be considered that waters need time to
reach such goals after development measures (time-
span until results of the measures are achieved).
The temporal sequence (@ Table 3.10, line 2.2) of
requirements refers to the duration of natural pro-
cesses, as well as to the time needed to accomplish
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management measures. In fact, WFD aims at a
‘good ecological state’ of all waters by 2015. But the
directive also allows exceptions: extensions of time
or reduced environmental targets, if they cannot be
achieved in time for objective reasons. The excep-
tions are designed to avoid excessively high costs
of management measures. Without valid cost cal-
culations it is difficult to justify exceptions. For the
practical implementation of the WFD, the countries
(in Germany also the federal states) are responsible.
All countries interpret the directive independently,
but they have implemented working groups to har-
monise the national regulations to a certain extent.

The WFD puts an end to previous time lags,
it contributes to ensuring water-related ecosystem
potentials for the future. The precautionary princi-
ple is already implemented since the WFD ensures
water reasonable quality. But even economic time
lags (i.e. the next generation has to pay for our suc-
cess now) will be avoided.

The member states of the EU were obligated to
implement an appropriate water fee policy by 2010
with incentives for water users to use the resources
economically. The various water users (industry,
households, agriculture, etc.) are to contribute ad-
equately to cover the costs of water ES including
costs related to the environment and the resources
(Article 9 WFD). The evaluation of financial dis-
proportions (cost excessiveness) also needs the bal-
ancing of costs and benefits, i.e. typical core aspects
of the ES approach are considered (» Sect. 4.2). The
WED also mandates that the water supply was to be
organised in such a way by 2010 that all costs were
covered (the cost-covering principle). The question
is: ‘Who pays?” Formerly, the general public paid
for the protection of drinking water. Now, the waste
producer has to pay but the principle of solidar-
ity is applied. It must be noted that to date these
regulations and obligations have been only partially
implemented.

Control Scheme for ES Space and Time
Considerations in the WFD

The check list for space and time aspects
(B Table 3.7) was completed and exemplified by
means of relevant aspects of the European Water
Framework Directive. @ Table 3.10 shows that the
directive meets most of the space and time issues
concerned, e.g. the size of catchments and the dif-

ferentiation of measures in terms of space and time.
On the other hand, the table also reveals possible
deficits, such as the incomplete consideration of
spatial configuration or of scale transition aspects.

Conclusion
ES demonstrate a wide range of space, time and
scale dependent relations.

In respect to the analysis and evaluation steps as
well as to the supply and demand perspectives, not
only the ecological aspects are concerned, but also
socio-economic and cultural ones. Often, space and
scale effects are related mainly to ecological phe-
nomena. According to our concept of space, we have
tried to widen this perspective and to include socio-
economic aspects as well. This is in line with the UK
National Ecosystem Assessment (UKNEA 2011), which
notes that institutional mechanisms linking across
spatial scales (from small- to large-scale in terms of
area) would ‘provide opportunities for stakeholder
engagement and greater collaboration between
actors, and for the involvement of local groups and
nongovernmental organisations’ From the perspec-
tive of ecological regional development, the ES con-
ceptis of particularimportance because the human-
environment relationship is emphasised. Thereby
the social concept of space (perception, area for in-
teraction) can be associated with physical concepts
of space (order, place, location, spatial intersections,
distances, boundaries in space).

All main aspects of the ES approach can be
found in the European Water Framework Directive
(EU-WFD), e.g. conflict relevance, focus on prob-
lems, goal setting, environmental and economic
data, quantitative and model-based approaches,
integrated approach, participatory approaches, de-
cision support systems, cost-benefit considerations,
and solutions-oriented approach. Even in terms of
space and time approaches, the WFD represents
an enormous advance over previous approaches,
simply because of clear definitions and concep-
tual hierarchies. Some of the special questions
concerning space, time and scale relationships in
ES assessments could be solved and discussed by
reference to the example of the WFD and the Elbe
river watershed, e.g. spatial configuration and com-
position (patterns), reference units, concordance of
physical and socio-economic space concepts, the
spatial position of services providers and service
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beneficiaries, service connecting areas, the role
of temporal sequences (of land uses, supply and
demand) and time lags (precautionary principle,
intergenerational lags), the shift from one scale to
another and practical consequences resulting from
these factors.

In order to take space, time and scale effects
into consideration adequately, a check list is use-
ful, which we have developed and tested success-
fully using the example of the WFD. Such a check
list can be applied to all frameworks and studies
where ES are to be assessed. This check list is a flex-
ible scheme that can be modified according to the
particular situation.

Space, time and scale aspects of ES are of great
practical interest, e.g. for land-use and landscape
management, for spatial planning, regional devel-
opment and financial policies (balancing of costs
and benefits arising from ES). After EFTEC (2010),
spatial analysis improves the economic valuation
and it can help to ‘target’ policies (e.g. maximise
aggregate benefits given a resource budget, or to
redistribute benefits to disadvantaged groups). The
example of the WFD reveals the practical relevance
in many ways, e.g. the choice of relevant reference
units, the spatial and temporal distribution of costs
and benefits, time frames for reaching particular
goals with consideration for ecological precondi-
tions (e.g. the regeneration capacity of waters) and
also of economic scales (economic carrying capac-
ity, payments over adequately great time periods).
The WFD takes ecological periods into account (de-
velopment, seasonality, regeneration, matter trans-
fers) and it gives a clear orientation in terms of time
horizons, which is important for users and other
stakeholders. In the WFD, such issues are better ad-
dressed than—for instance-in the EU Habitats Direc-
tive and other regulations (» Sect. 6.6.1).

3.4 Landscape Services

O. Bastian, K. Grunewald, M. Leibenath, R.-U. Syrbe,
U. Walz and W. Wende

As explained in » Sect. 3.3, the creation and also
the use of ES is always tied to concrete spaces. It is
manifested in spatial differentiation, and in various
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dimensions and scales. Critical voices have claimed
that to date there has been little or no localisation,
i.e. that the pattern of arrangements and relation-
ships of ES in space has hardly been taken into ac-
count at all (Syrbe and Walz 2012), and that merely
statistical information, such as land cover, has been
included instead (Blaschke 2006). Moreover, it is
claimed that the practical applicability and the con-
nections of ES to the planning process have been
insufficient (Termorshuizen and Opdam 2009).

One promising way to eliminate these deficits
is to link ES to the landscape approach and to the
definition of landscape services in order to empha-
sise the spatial connection and to arrive at state-
ments, which can better be used in the planning
and/or practical context (Burkhard et al. 2009; Ter-
morshuizen and Opdam 2009; Frank et al. 2012;
Schenk and Overbeck 2012).

This is true in spite of the fact that the term land-
scape has been highly controversial in the scientific
discourse, with a broad spectrum of interpretations
and substantive meanings existing, depending not
only on levels of education, socialisation and pro-
fessional backgrounds, but also on language and
cultural area. “The landscape’ has been an object of
investigation for various scientific disciplines, and
also of other areas of life, such as aesthetics, painting,
literature, philosophy, geography, conservation and
landscape care, agriculture and silviculture, etc. A
farmer, a geologist, a forester, a recreation seeker—
each of them sees the landscape differently and fo-
cuses on something different (Jessel 1998).

In common parlance landscape is usually seen
as a piece of land that can be perceived all at once
with the naked eye. The word ‘landscape’ comes
from the old Germanic lantscaf, with scaf having
developed to ‘shape’ in English and ‘schaffer’ (‘to
create, ‘to achieve; in some dialects, ‘to work)
in German (Haber 2002). Hence, the landscape
is literally the ‘land shaped’ or created by people.
However, the landscape as a dimension that can
be visually experienced was for centuries only to
a lesser extent a consciously created object. It was
merely seen as a product of the top-priority activ-
ity: the provision of the food supply. Nonetheless,
even at an early date landscapes were often shaped
in such a way that various positive side effects were
realised. Examples include the rows of fruit trees on
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embankments, which are otherwise difficult to uti-
lise, so as to provide fruit for food and at the same
time shade for the peasants on their long walks to
the work in the fields, or else, in the proximity of
farms and villages, as planted groves which served
as a windbreak and improved the microclimate.
Aesthetic aspects, too, may certainly have played
a part. The consciously shaped landscape, which
would later also be marketed as a tourist attraction
had its roots in the Enlightenment-the ideal of the
English landscape garden-and culminated in park
designs of major cities in the nineteenth century,
such as New York’s Central Park. Today, this con-
stant is a firm part of landscape and spatial plan-
ning (Kienast 2010).

According to Leibenath and Gailing (2012),
landscape can be interpreted in any of four differ-

ent ways:
1. The landscape as a physical space or complex
of ecosystems

2. The cultural landscape in the context of the
human-environment relationship

3. The cultural landscape as a metaphor; and

4. The cultural landscape as a social construct, or
as an object of communication.

Backhaus and Stremlow (2010) distinguish the fol-
lowing four basic disciplinary approaches to land-

scape:

1. The ecosystemic and geomorphological ap-
proach

2. The psychological and phenomenological ap-
proach

3. The constructivist/cultural-scientific approach
4. The political and social scientific approach

An understanding of landscape as an intermedi-
ate phenomenon between natural-scientifically as-
certainable objective reality on the one hand and a
mental construct on the other is expressed in such
definitions as that of the Council of Europe in the
European Landscape Convention (Article 1; Czy-
bulka 2007 [Engl: » http://www.coe.int/t/dg4/cul-
tureheritage/heritage/Landscape/default_en.asp]):
‘...an area, as perceived by people, whose character
is the result of the action and interaction of natu-
ral and/or human factors; or by Fry (2000): ... a
physical and mental reflection of the interaction

between societies and cultures and their natural
environment. In this context, landscape can also be
seen as a section of the earth’s shell of varying or-
ders of magnitude, prepared by natural conditions,
overformed to varying degrees by human activity,
perceived or felt by people as characteristic, and de-
limited according to rules which are to be stipulated
(Bastian 2006, 2008, modified).

According to the Millennium Ecosystem As-
sessment (MEA 2005), a landscape is typically com-
posed of a number of different ecosystems, each of
which generates a whole package of different ES.
Hence, it is certainly justified to certify landscape
areas of identical or similar overall character-or to
use them as units of reference-in order to interpret
their characteristics for an effective but gentle use
by society (Bernhardt et al. 1986; Hein et al. 2006;
TEEB 2009).

Most landscape definitions fulfill the require-
ment of spatial reference or of spatial expanse,
and of holism in accordance with Alexander von
Humboldt’s ‘total impression of a region, or of the
‘landscape-like’ (Humboldt 1847, pp. 92, 97). Of-
ten, landscape and people are seen as two opposite
poles, an attitude which, by the way, is promoted
even by a term such as ‘people and nature’ It is easy
to ignore the fact that people are also part of nature
(Oldemeyer 1983, in Gebhard 2000). Increasingly,
however, material and intellectual aspects are being
taken into account in a more balanced way, and
people are being directly involved.

For the ES concept, we see the definition of
landscape as a physical space or an ecosystem com-
plex as particularly helpful. Many ES are influenced
by the landscape structure and the geographic con-
text, for instance by the arrangement of landscape
elements or land-use units. Landscape structure
largely determines flows and cycles of waters, nu-
trients and organisms. The spatial relationship be-
tween biotic factors, such as vegetation, and abiotic
factors, such as soil, is decisive for the manner in
which many ES are provided, so that the whole-the
landscape and the ecological mosaic linked to it-is
more significant than the sum of its parts (Odum
1971; Haber 2004). The matrix of the landscape de-
termines the effectivity and significance of its biotic
components to a much greater degree than would
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3.4 - Landscape Services

Landscape vs. Ecosystem

In view of the multiplicity of mean-
ings of the term‘landscape’and

the difficulty in delimiting concrete
landscape areas, the concept of
landscape may appear as too non-
concrete, fuzzy and unscientific
compared with the concept of eco-
systems. However, is the ecosystem
paradigm really that unproblematic,
by comparison? Certainly not, for it,
too, is subject to the criticism that
it is too diffuse and contradictory
(O’'Neill et al. 1986) and suffers from
methodological deficits in its ap-
plication in research and practice.
Naveh and Lieberman (1994) raise
the question of whether ecosystems
could indeed be considered real
existing phenomenon or whether
they were not simply conceptual
aids for the analysis of the flows of

energy, materials and information
in ecological systems.

Noss (2001) sees ecosystems
as functional systems with their
spatial boundaries either undefined
or defined more or less arbitrarily.
In his opinion ecosystems are open
systems between which the ex-
change of materials, energies and
organisms take place.

Naveh (2010) raises serious
issues regarding the ecosystem
paradigm with respect to their
spatial aspects: first, he says, what
is at issue is the assumption that
interactions and feedback loops
exist within ecosystemic boundar-
ies. In reality, however, the spatial
dissemination of the participat-
ing organism populations may
be much broader. Second, spatial
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homogeneity is often assumed. This
simplification overlooks some of the
essential properties of the system,
for precisely heterogeneity is the
precondition for the lives of these
organisms. Another major failing
of the paradigm of ‘natural’ ecosys-
tems is, he says, the common prac-
tice of categorizing human activity
as an external disturbance.
Nonetheless, it may certainly
be useful to generally prefer the
abstract term ‘ecosystem’for the
ES concept, (» Chap. 1, » Chap. 2,
» Chap. 3) since it emphasises the
natural structures and processes
more strongly and does a better
job of creating the connections to
‘ecology’as a category of sustain-
ability, and/or as a class of functions
and services.

be the case if these components were merely added
together (Frank et al. 2012; Syrbe and Walz 2012).

Landscape services constitute the link between
landscape and human well-being. They imply a
strong spatial orientation and regional differentia-
tion, as well as a reference to actors, planners and
decision-makers. The concept of landscape ser-
vices is also of particular significance inasmuch
as it raises the issue of the human-environment
relationship and of anthropogenic transformation
more strongly, and hence links the societal concept
of space-space for perception, and also space for
action-with the physical concept of space.

The incorporation of landscape services as a
special form of the ES approach has the following
advantages:

Landscapes as units of reference enhance the

perspective beyond the services provided by

ecosystems and place a greater emphasis on
the aesthetic, ethical and sociocultural aspects,
as well as on the anthropogenic modification

(e.g. land use) and the overall character of an

area (peculiarities of the landscape).

Spatial aspects are expressed more strongly, for

example the arrangement of ecosystems and

land-use units in their spatial context, struc-
tural and process-determined interactions, the
spatial difference of supply and demand-in the
form of so-called ‘service-providing areas’ and
‘service-benefiting areas’—or the reference to
different dimensions and scales (» Sect.3.3).
Interactions between spaces and ES can be
shown with reference to many functional
aspects relevant for practice: the problem of
the conflicting needs of upstream vs. down-
stream residents in watersheds, the relation-
ship between cities and their surrounding
countrysides, or the relationship between eco-
nomic areas, impact areas and places used for
compensation and offsetting measures, etc. To
some extent, the ES generated at certain places
can only be transferred to the areas of demand
via specific spaces, known as ‘service-connect-
ing areas, e.g. the feeding of cold air into cities
via cold-air corridors; (» Sect.3.3).

The emphasis on the reference to a landscape
improves the interaction (or integration) of
various disciplines since nature, culture, and
use aspects all have to be addressed in equal
measures—even though the definitions of
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‘landscape’ differ between the various academ-
ic disciplines. Especially the physical landscape
approach enhances the relevance for practical
spatial planning, including landscape plan-
ning, as well as for the landscape development
of management, and favours participatory ap-
proaches, which recognise the landscape as an
element providing identity and as an area for
action, with a connection to the actors.

Another advantage of the reference to landscapes
is provided by the fact that in spite of the contro-
versial scientific discourse on the definition of
‘landscape, the sustainable use and protection of
landscapes is gaining growing support worldwide,
in the first European environmental report, the so-
called Dobti§ Assessment of the European Envi-
ronmental Agency, and in the European Landscape
Convention of the Council of Europe of 2000. One
of the demands is that visions, or models, for Euro-
pean landscapes are established, and that landscape
protection be integrated into sectoral policy, e.g. in
the EU’s Common Agricultural Policy and its re-
gional policy, in order to support regional identities
and landscape peculiarities (Czybulka 2007).

In the Territorial Agenda of the European
Union of 2007 (EU 2007, p. 7), cultural landscapes
are designated as the ‘foundation for environmen-
tally and culturally oriented development ... which
offers development perspectives ... particularly
in regions that are lagging behind or undergoing
structural changes’ Fiirst et al. (2008) call for plac-
ing greater emphasis—once again-on seeing cul-
tural-landscape development as a catalyst and as a
vehicle, i.e. as ‘the essential element for new kinds
of problem-solving in regional development. The
concept of the landscape must be integrated into all
relevant policy areas in this context, e.g. in connec-
tion with the Common Agricultural Policy of the
EU after 2013, in Natura 2000, and with regard to
issues of bio-energy.

© We consider landscape services to be a
special case within the overall concept of
ES (analogously to Kienast 2010; Hermann
et al. 2011). However, the landscape ap-
proach is broader and more complex since
it includes not only ecological aspects

but also to a peculiar degree aesthetic,
cultural, psychological, as well as other
aspects. In this case we are examining
services with a specific connection to the
landscape. Thus, we explicitly emphasise
the analysis and evaluation of landscape
services as it is usually already implied

in the main focus of the work: landscape
planning, landscape care, evaluation of
the cultural landscape and the appearance
of the landscape (cf. » Sect. 5.3 and particu-
larly » Sect. 6.5).

The term ‘landscape’ moreover has a strong con-
nection to planning and is especially familiar to
spatial planners. Likewise, the broader public has
a greater understanding of this term than of ‘eco-
system’. According to Termorshuizen and Opdam
(2009), landscape planners have for decades viewed
landscape as a human-ecological concept and have
addressed its economic, cultural and ecological val-
ues.

Rather than treating single components or pro-
tected assets as isolated from one another, land-
scape planning is taking the complexity of the in-
vestigated object into account, which is one of its
fundamental requirements. Even during the 1970s
and 1980s landscape and spatial planning assigned
potential functions to the landscape, which were
for the most part cartographically recorded. In that
respect, landscape and spatial planning was actu-
ally very close to the concept of landscape services,
even if the landscape-specific functions were not
yet called ‘services’ (» Sect.2.2).

The selected landscape approach (see above)
not only enhances the relevance for practical
spatial planning, including landscape planning
(» Sect. 5.3), and for landscape development and
management (> Sect. 6.5), it also favours partici-
patory approaches, which see the landscape as an
identity-providing element and as a space for ac-
tion (» Sect. 4.3; Fiirst and Scholles 2008). The land-
scape, not the ecosystem, is the space of reference
for public participation; it permits a large number
of local stakeholders to identify with the landscape
in which they live, work and enjoy life, and to have
an influence upon it, to take responsibility for it and
to help shape it. By contrast, the term ‘ecosystem’
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often means new natural, more or less untouched
areas, often associated with a protected status, with
recreational function, with species diversity and
with undisturbed natural processes (Termorshui-
zen and Opdam 2009). The landscape is also a pub-
lic-relations factor; it can be ‘sold” as a good place
where recreation can be found and where people
can live and work (Wascher 2005).

Conclusion

In the final analysis, ecosystem and landscape ser-
vices cannot be fundamentally distinguished. The
latter emphasises spatial aspects more and is ori-
ented towards complex approaches by reference
to interfaces of ecological, economic and social
aspects. Moreover, it is more oriented towards
spatial planning, communications and the partici-
pation of actors and stakeholders, of ‘local people.
Methods for ascertaining and evaluation are large-
ly similar or identical; however, landscape services
as a result of broader, more multidisciplinary ap-
proaches take a more comprehensive spectrum
of methodologies into account. A thorough and
detailed discussion of the landscape services issue
is published in the Journal of Landscape Ecology in
2014 (Bastian O et al. 2014).
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4.1 Indicators and Quantification
Approaches’

B. Burkhard, F. Miiller

411 Introduction

The need for applications and tools of the-fre-
quently mainly conceptually used-ecosystem ser-
vice (ES) ideas has become more and more obvious
during the last years (Daily et al. 2009). Practical
applications are necessary to further develop and
improve the conceptual base of ES on the one hand.
On the other, tools for environmental and resource
management are needed in order to further estab-
lish ES in decision-making processes (Kienast et al.
2009). The recognition and the appropriate quanti-
fication of ES are fundamentals for their valuation,
independently whether the valuation is conducted
with biophysical, social or economic methods.
Their application and integration is one of the big-
gest challenges of contemporary ES science (Wal-
lace 2007).

The supply of ES is based on geo-biophysical
structures and processes, which are changing in
intensity as well as in spatial and temporal distribu-
tion. Anthropogenic impacts, especially land-use
and land-cover changes or climatic variations are
among the major factors determining the qualities
and quantities of ES supply. Land-use patterns and
changes in land cover can be surveyed, spatially an-
alysed and regionally assessed. They deliver direct
measures for human activities (Riitters et al. 2000)
and clearly demonstrate the relations between ES
supply and demand (Burkhard et al. 2012). Spa-
tially explicit identification and mapping of ES
distributions and the analysis of their spatio-tem-
poral dynamics therefore enable the aggregation
of highly complex information. The respective ES
visualisations can support decision-makers in the
environmental sector by providing powerful tools
to support sustainable landscape planning and ES
trade-off assessments (Swetnam et al. 2010). Spa-
tially explicit ES quantification and mapping have
therefore been named as one of the key require-

1 Section 4.1is in main parts based on the paper of Burk-
hard et al. (2012).

ments for the implementation of the ES concept
in environmental institutions and decision-making
processes (Daily and Matson 2008).

One key problem of each ES quantification is,
besides the difficult and comprehensive data acqui-
sition, the selection of an ES categorisation system
which is appropriate for the specific study region
and the particular research question. Most of the
currently available ES classification systems (e.g. de
Groot et al. 2010a; Wallace 2007) distinguish the
three classes with regulating ES, provisioning ES
and cultural ES. Some authors additionally include
habitat services (de Groot et al. 2010a; TEEB 2010).
Habitat services are, however, often assigned to
the category of ecosystem functions, which in the
Millennium Ecosystem Assessment (MEA 2005a)
were called supporting ecosystem services. Many
ecosystem functions or habitat properties do not
deliver direct or final ES. Therefore, the distinction
between ecosystem functions and ES has become
more common and accepted. This distinction also
proved to be advantageous for the avoidance of
double counting of closely correlating functions
and services, for example in monetary valuations.

Numerous methods and tools for the charac-
terisation of ecosystem functions and services in
landscapes have been developed especially within
the last 10 years. Additionally, existing methods
and data collection programmes are ready to be
integrated in the ES concept due to their thematic
diversity (e.g. monitoring within the long-term
ecological research (LTER) network; Miiller et al.
2010). They include measurements, monitoring
programmes, mapping activities, expert interviews,
statistical analyses, model applications or transfer-
functions (de Groot et al. 2010b). Natural structures
and processes (e.g. flows of energy, matter and wa-
ter) are central in biophysical assessments. These
approaches are different from monetary valuations,
where the actual assessment of values is carried out
by monetisation. Monetary ES approaches such as
cost-benefit analyses (CBA) or willingness-to-pay
(WTP) surveys are applicable and well-established
concepts (Farber et al. 2002). However, results are
often disappointing especially for nonmarket goods
and services such as many regulating ES, ecosystem
functions or biodiversity characteristics (Ludwig
2000; Spangenberg and Settele 2010).
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Suitable ES indicators are needed for all quan-
tification approaches. These indicators have to be
quantifiable, sensitive for land-use changes, tempo-
rally and spatially explicit and scalable (van Ouden-
hoven et al. 2012). Indicators are tools for commu-
nication, enabling the reduction of information
about highly complex human-environmental sys-
tems. After Wiggering and Miiller (2004), indica-
tors in general are variables delivering aggregated
information about certain phenomena. They are
selected to support specific management purposes
by providing integrating synoptic values, depicting
not directly accessible qualities, quantities, states or
interactions (Dale and Beyeler 2001; Turnhout et al.
2007; Niemeijer and de Groot 2008).

412 Ecosystem Service Supply and
Demand Assessment at the
Landscape Scale-the ‘Matrix’

Different landscapes can be characterised by dif-
ferent ecosystem structures, functions and conse-
quently by varying capacities to supply ES (Burk-
hard et al. 2009), depending on the natural settings
as well as human activities (e.g. land use) within
the research area. Different land-use patterns,
heterogeneous population distributions as well as
multiple ecological and socio-economic conditions
cause varying demands for ES (» Fig. 3.2).

In this chapter, a method for the assessment
of different land-cover types capacities to sup-
port ecosystem functions (assessed based on the
ecological integrity concept and respective indi-
cators for ecosystem structures and processes; for
detailed information see Miiller 2005; Burkhard et
al. 2009, 2012), to supply multiple ES and to iden-
tify demands for ES will be shortly introduced. The
method has been applied in different case studies,
for example for the assessment of ES in boreal for-
est landscapes in northern Finland (Vihervaara et
al. 2010), in urban-rural regions in central eastern
Germany (Kroll et al. 2012) or for the calculation
of flood regulation capacities in a Bulgarian moun-
tainous region (Nedkov and Burkhard 2012).

The approach is based on an assessment matrix,
which links relative and mainly non-monetary ES
supply capacities or ES demand intensities to dif-
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ferent geospatial units (e.g. different land-cover
types). Based on this interrelation analysis, re-
sulting ecosystem function and ES scores can be
visualised in maps. Differentiations between ES
supply and demand but also between ES potential
and de facto flows (ES actually used by humans)
are needed (see below). Supply and demand of/for
different ecosystem goods and services are often
spatially and temporally decoupled and managed
by transport, trade and storage opportunities in
today’s globalised world. Nevertheless, calculations
of these two variables deliver data that are highly
relevant for ES budget assessments for specific spa-
tial or temporal units. Self-sufficiency rates and ES
flows within and between regions can be calculated
on this basis. Ecosystem functions and several reg-
ulating ES such as nutrient regulation, erosion con-
trol and natural hazard protection are exceptions.
They are normally not transportable and therefore,
a physical connection between the service pro-
viding unit (SPU) and service benefiting/demand
area (SBA) must exist (Nedkov and Burkhard 2012;
Syrbe and Walz 2012; » Sect.3.3).

Such information, especially in a region-
alised form, and the related ecological and socio-
economic data are highly relevant for environ-
mental management and for ES-based landscape
planning. Thus, requests for appropriate tools are
numerous (Kienast et al. 2009). When assessing the
potential of a landscape, a land-use type or an eco-
system, usually the (hypothetical) maximum of ES
supply under the given conditions is being assessed.
Often it is not considered whether there is a human
use of these ES or not. Flows of ES on the contrary
describe the capacity of a defined spatial unit to sup-
ply a specific ES set (ES bundle) actually used by hu-
mans within a given time period (after Burkhard et
al. 2012; see Box). This distinction becomes relevant
for certain ES, for example when assessing protect-
ed ecosystems. These systems undoubtedly supply
numerous goods and services. However, e.g. in the
case of core zones in national parks, where any hu-
man activity may be prohibited, many of these ES
(e.g. timber, game) cannot be used. Of course, eco-
system functions, such as nutrient cycling or bio-
diversity, take place anyway. They provide positive
effects on ecological integrity within the protected
area itself, but often also on adjacent ecosystems.
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== ES supply refers to the capacity

of a particular area to provide
a specific bundle of ecosystem
goods and services within a
given time period. For detailed
analyses, a differentiation be-
tween ES potentials and actual
ES flows is needed.

ES demand is the sum of all
ecosystem goods and services

currently consumed or used in
a particular area over a given
time period. Up to now, de-
mands are assessed not consid-
ering where ecosystem services
actually are provided. These
detailed provision patterns are
part of the

ES footprint which (closely re-
lated to the ecological footprint

Conceptual Background for ES Supply and Demand (after Burkhard et al. 2012)

concept; Rees 1992) calculates
the area needed to generate
particular ecosystem goods and
services demanded by humans
in a certain area and a certain
time. Different aspects of eco-
system service generation are
considered (production capaci-
ties, waste absorption, etc.) for
assessing the ES footprint.

For many regulating ES, it can be assumed that ES
potentials and flows are comparable (» Sect. 2.1).

Ecosystem functions, ES supply, ES demand
and ES budgets in different land-use types can be
assessed by the help of ES matrices. The first matrix
in @ Fig. 4.1 contains ecosystem functions (ecologi-
cal integrity) and ES on the x-axis. The geospatial
units (here CORINE land-cover types; EEA 1994)
are placed on the y-axis (after Burkhard et al. 2009,
2012). All relevant ES capacity scores are entered,
using a relative scale between 0 (equivalent to no
relevant capacity to support the respective ecosys-
tem function or to supply the respective ES), 1 (low
relevant capacity), 2 (relevant capacity), 3 (medium
relevant capacity), 4 (high relevant capacity) and
5 (maximum capacity in the study area) at the in-
tersections. Based on the 44 different CORINE
land-cover classes and 39 ecosystem functions and
services, altogether 1716 capacity scores have to be
given (B Fig. 4.1). Due to this high number of scores
needed and the related high assessment efforts, ex-
isting databases or expert evaluations need to be
harnessed. These data can successively be checked
and replaced by more exact information resulting
from modelling, measurement, monitoring or in-
depth interviews (Burkhard et al. 2009).

The matrix in @ Fig. 4.1 shows clear patterns of
ES capacity distributions across the different land-
cover types. Especially, the forest land-cover types
(including broad-leaved, coniferous and mixed for-
ests) show high scores for a multitude of ES. Such
multifunctionality is typical for forest ecosystems.
Also the other generally more natural land-cover
types such as natural grasslands, wetlands and wa-

ter bodies are characterised by high ES capacities.
Strongly anthropogenically influenced ecosystems,
such as urban fabrics, industrial or commercial
units and transport units (in the upper part of the
matrix), show comparably low ES capacities. Of
course, these areas also supply ES, but in compari-
son with the other land-cover types, their ES supply
is rather low (» Sect. 6.4).

The whole ES concept is a highly anthropocen-
tric approach. Fisher et al. (2009) defined that only
those services with a clear benefit to human societ-
ies can be denoted as ES. Services without direct
human benefits should be termed as ecosystem
functions or intermediate services. Thus, a societal
demand should be identifiable for all individual
ES. Data about actual anthropogenic uses of each
ES are needed for their assessment (see definitions
in Box 1). Major parts of this information can be
derived from statistics, modelling, ecological and
socio-economic monitoring or from interviews.
@ Figure 4.2 shows a respective matrix, which, com-
parable to the ES supply matrix (@ Fig. 4.1), provides
exemplary information about the ES demands
within the different CORINE land-cover classes.
The y-axis contains regulating, provisioning and
cultural ES. The ecological integrity variables are
not relevant here because they (per definition) do
not provide direct benefits to humans. The scores
were given in a similar manner as in the ES supply
matrix; 0 (light pink) denotes no relevant human
demand within the particular land-cover type and
5 (dark red) illustrates maximum demand.

@ Figure 4.2 clearly shows that the overall high-
est demands for manifold ES are located within the
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O Fig. 4.1

Land-cover types (y-axis) and ecosystem functions and services (x-axis) illustrating the capacities of different

land-cover types to support ecosystem functions and to supply ES on a scale from 0 (no relevant capacity; pink) to 5
(maximum relevant capacity; dark green); exemplarily assessed for a central European ‘normal landscape’ (after Burkhard

et al. 2009, 2012)

highly human-modified land-cover types in the up-
per part of the matrix. Urban areas as well as indus-
trial and commercial areas are the land-cover types
with the highest demand scores. It also becomes
obvious that in the more natural land-cover types
(lower part of the matrix), generally lower demands
for ES can be found. This can of course be justi-
fied by the lower population numbers and related
lower consumption rates in these areas. Agrarian
land-cover types show high demands for regulating
ES (e.g. nutrient regulation, water purification, ero-

sion control). Similarly to the ES supply matrix, ES
demand maps can also be compiled based on the ES
demand matrix.

Taking the information from the ES supply and
demand matrices as starting points, sources and
sinks for individual ES can be identified. As both
components-supply and demand-were normalised
to the same relative units (0-5), ES budgets can be
calculated by subtracting the ES demand scores
from the ES supply scores. And also the resulting
ES budget scores can be illustrated in a matrix and
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land cover types with neither a relevant ES supply nor a relevant

influences, especially in the urbanised areas and the
industrial and commercial units. The more natu-
ral land-cover types, particularly the forests, show
characteristic patterns where the ES supply often
exceeds the demand. More detailed information
about the locations of actual ES supply (SPUs) and

demand for ES (after Burkhard et al. 2012)

related flows to areas of ES demand (SBAs) could be
integrated in ecosystem service footprint calcula-
tions (see Box 1). No experience with this approach
is available up to now. Highly complex import and
export balances would be needed, for which data
on required scales are not easily available.
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The following case study application from the
central eastern German region Leipzig-Halle shows
how empirical ES quantifications can be transferred
to the relative 0-5 scale, and how the results can be
illustrated in spatially explicit ES maps. The study
took place as a part of the EU project PLUREL
(Peri-urban Land Use Relationships, » www.plurel.
net/). More detailed information about the differ-
ent ES quantification methods and the map com-
pilation can be found in Kroll et al. (2012) and in
Burkhard et al. (2009, 2012). The following maps
from the Leipzig-Halle case study region include
CORINE land-cover maps for the years 1990 and
2006 and spatial distributions of the provisioning
ES ‘energy’ supply, demand and supply-demand
budgets (@ Figs. 4.4 and 4.5). The quantifications for
the ES ‘energy’ refer to final energy units in giga-
joule per hectare per year. Lignite as the major en-
ergy source in this region was included within the
provisioning ES category. We are aware that current
ecosystem functions are not involved in the gen-
eration of lignite and that the integration of natu-
ral resources is seen critical by many authors. We
are following the CICES system (» http:/cices.eu/)
here, which includes abiotic outputs from natural
systems in their accompanying ES classification.
Moreover, open-pit lignite mining has enormous
impacts on ecosystem structures and processes in
the study area’s landscapes. Thus, this ES is of high
relevance for landscape planning and therefore can-
not be neglected.

The energy supply map from the year 1990
(B Fig. 4.4, top right) shows that the large lignite
open-pit mines were the only regional energy
source at this time with a final energy contribution
0f 20,000 GJ ha ! year™. In the year 2007 (@ Fig. 4.5,
top right), a clear reduction of the open-pit mine
areas and their energetic outputs are visible. New
energy sources such as wind power, biomass, solar
energy or waterpower were developed, resulting in
a more heterogeneous distribution of energy supply
in the region.

The demands for the energy provisioning ES
(8 Figs. 4.4 and 4.5, bottom left) show a clear sink
function of the industrial and commercial units
and the urban areas. The pit mines themselves
also have a high demand for energy. The demand

for energy was generally decreasing by 20% be-
tween 1990 and 2007, mainly due to the decline of
energy-intensive industrial activities and energy
saving measures. The ES supply-demand budget
maps (8 Figs. 44 and 4.5, bottom right) illustrate
the abovementioned source-sink functions of the
rural and urban areas. Based on such information
and data, decisions for regional ES provision and
landscape planning can be supported.

41.3 Conclusions and Outlook

The high applicability of the ES matrix approach
presented here arises from its potential for visu-
alisation and from the comparison of the effects of
different land-use activities on ecosystem functions
and services. Thereby, assessments of trade-offs be-
tween different land-use types are possible. Various
ecosystem functions and services can be displayed
and huge amounts of data resulting for example
from expert interviews, statistics, measurements
and modelling can be integrated. The normalisa-
tion to the standardised relative 0-5 scale integrates
different biophysical dimensions (e.g. Joule, tons,
diversity indices) or economic units (e.g. Euro,
Yuan) and makes them (to a certain degree) com-
parable.

The application of freely available spatial data
such as CORINE enables the coverage of large land-
scape units with a unified land-cover classification
system in almost all European countries. Issues
with the land-cover classification system, the spatial
data resolution and generalisation problems lead to
uncertainties of the assessments. Further data with
higher spatio-temporal or thematic resolution can,
like in the ES assessments, easily be integrated.

The matrix approach is also linked with techni-
cal and thematic uncertainties, especially if the ma-
jority of the ES scores are based on expert opinions.
The uncertainties are based upon the selection of
a suitable and representative case study area, the
selection of relevant land-cover classes (matrix y-
axis), spatial and geo-biophysical data acquisition,
the selection of relevant ecosystem functions and
services (matrix x-axis) and related indicators, the
indicator quantification in the matrices based on
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4.2 - Approaches to the Economic Valuation of Natural Assets

the 0-5 scale, the linkage of the assessment values
with the spatial units (map compilation) and the
interpretation of the results by the end user. A de-
tailed discussion of the different sources of uncer-
tainties can be found in Hou et al. (2013).

Further developmental steps are needed to tack-
le these problems. One key issue is the inclusion of
additional ES in the quantitative classifications, as
shown in the energy budget case study example.
Direct measurements, official statistics, simulation
models or specific surveys, for example in the class
of cultural ES, are needed to fill these data gaps.
Moroever, regional geological, geomorphological,
pedological, climatic and geobotanical site condi-
tions as well as additional human system inputs
(e.g. fertiliser, energy, materials) strongly influence
ES potentials and flows. These effects should be in-
tegrated in future assessments (besides land-cover
and land-use intensity) in order to minimise the
assessments” uncertainties. Thereby, more exact ES
scores (0-5) can be provided for example to actors
in participatory processes.

Nevertheless, there are limits of intersubjec-
tivity in such an optimisation. Related to the high
amount of data needed to derive the different ES
matrices, it will probably not be possible to com-
pletely abdicate from expert opinions. This state-
ment can of course be interpreted as a critical ar-
gument. But it can also be seen positively because
expert-based approaches have the advantage of
relatively rapidly delivering target-oriented results
which immediately can be applicable in decision-
making processes.

One major demand from environmental plan-
ning is to make predictions about potential future
developments’ effects. Therefore, one key step in
the future improvement of the matrix approach is
the coupling with computer models (» Sect. 4.4.3).
This would enable assessments of scenarios and
their spatial specifications regarding the supply
and demand of ES. This would seriously increase
the applicability of the ES concept in practice. Due
to the enormous complexity of such efforts, only
common, transdisciplinary and cross-regional ef-
forts will lead to positive outcomes.
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42 Approaches to the Economic

Valuation of Natural Assets

B. Schweppe-Kraft, K. Grunewald

421 Principles of Economic Valuation

“It is not with money that things are really pur-
chased. (John Stuart Mill 1848)"

Economic science is, briefly put, the art of the ra-
tional and economical use of scarce resources for
the fulfillment of human values and needs. Since
ecosystem services are limited and their use is of-
ten at least partially mutually exclusive (trade-offs),
rules are needed to make rational choices between
alternatives that affect ES more or less strongly.
Here, economic science seeks to maximise the gen-
eral welfare, taking into account intergenerational
welfare, distribution and consensual ethical rules.

Ecosystem services become economic goods, or
obtain economic value, by providing benefits, and
by being scarce. Not only such goods as food, water
and recreational opportunities provide benefits; so,
too, do the nonmaterial assets that are part of hu-
man preference and thus relevant as benefits. The
right of species to exist and the value we ascribe to
that right are-besides other more direct benefits—
of economic importance, as soon as they become
a part of individual preference. Thus, the habitat
function of an ecosystem for wild species may con-
stitute a sociocultural ES in this sense.

Scarcity means that the provision or mainte-
nance of an ES is associated with costs (Baumggrt-
ner 2002). An example are the costs of measures to
maintain ‘healthy’ landscapes that provide sufficient
opportunities for recreation, fertile soils, fresh water,
etc. (» details in Sect. 6.5). Almost 50% of the bio-
logical diversity in Germany relies on traditional or
nonintensive forms of land use that are usually not
economically competitive on the world market. The
resources for conserving such anthropogenic bio-
topes and habitats are scarce. Costs can arise even if
no money is paid, for example from the limitation of
agricultural and forestry use in protected areas. These
so-called opportunity costs are, generally speaking,
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benefits which the society or the individual must do
without, in favour of other goals or benefits.

Ecosystems continually provide people with ser-
vices. They are similar in this respect to the human-
made productive assets that are used to provide us
with goods and commodities. Such assets are the
basis of our welfare, unless they are consumed or
destroyed. The same holds true for natural assets
as well: ‘We must live from the interest, and should
not consume [natural capital]’ (Hampicke and Wit-
zold 2009). Destroyed or degraded ecosystems are
restorable, if at all, only after a long period of time.
The costs of restoration generally exceed the cost
of maintenance many times over. The genetic in-
formation lost by species extinction is irreversible.
Nonetheless, the economic value of the depreciation
of natural capital is not easy to determine.

Unlike buildings, industrial plants or machin-
ery, natural capital usually provides us with a num-
ber of different benefits simultaneously, each of
which has to be evaluated separately. These general-
ly include so-called public goods, such as air quality
regulation, recreation in the open countryside, etc.
One of the characteristics of public goods is that
they cannot be privately appropriated. Therefore,
there are no functioning markets which could lead
to an optimum level of supply based on individual
supply and demand. Market prices can be inter-
preted as values in the sense of willingness-to-pay
and as costs, expressing scarcity. All this is lacking
in the absence of markets.

In addition, each single ecosystem is embedded
in a tight network of ecological dependencies with
other natural assets. In such a situation, the assess-
ment of physical changes can already be a prob-
lem, long before we arrive at the point of valuation.
Moreover, there are also creeping impacts which
occur later, and when they occur, then sometimes
in an erratic and irreversible way. Which means,
that methods, like the discounting method, are re-
quired to compare current and future costs and the
difficult problem of valuing nonmarginal changes
has to be solved.

If economists valuate goods or services, they
as a rule assign them instrumental value, based on
their usefulness for achieving a defined objective.
This means that both economic valuation and the
ES concept approach the issue from an anthropo-

centric perspective (Hampicke 1991). In addition,
economic valuation is based on ‘methodological
subjectivism’ (Baumgartner 2002). All valuations
must (or at least should, see below) build on the
preferences of each individual citizen.

Economic assessments are always focused on
choices between alternatives. Ecosystem services,
like any other goods and services assessed in an
economic cost-benefit-analysis, are not evaluated
in isolation, but always in terms of their relative
advantage in comparison with other goods, which,
due resource scarcity, must be dispensed with. The
relative advantage of one asset compared with oth-
ers is its economic valuation, which, for practi-
cal reasons, is not expressed in terms of specific
goods (e.g. ‘How many glasses of beer is something
worth to me?’), but rather in terms of the maxi-
mum amount of income which one will forego, or
the maximum willingness-to-pay/ minimum will-
ingness-to-accept, of individuals. All methods of
economic evaluation, including the market-based
and cost-based methods, try in principle to value
(real) income changes and willingness-to-pay more
or less accurately, or at least to find plausible proxies
for such valuations.

Economic valuation, must, in accordance with
its own principles and methodological standards,
always focus on specific alternatives, e.g. restora-
tion or no restoration of an alluvial floodplain;
maintaining a grassland or converting it into farm-
land; urban living conditions with or without an
adjacent park, etc. Economic valuations of ES are
often part of a so-called cost-benefit analysis, which
attempts, as far as possible, to evaluate all the eco-
nomic impacts of the implementation and of the
nonimplementation of a project or programme,
or of various project or programme alternatives.
To this end, all relevant effects of the various alter-
natives must first be predicted. As regards public
goods, such as recreation, urban living conditions
or urban climate, this encompasses an assessment
of the number of persons who will benefit or suf-
fer disadvantages due to a change with respect to
these goods. Moreover, all costs, savings, income
increases and income declines must be determined,
including all costs and benefits measured in income
equivalents (willingness to pay or to accept) which
will result from the changes in public goods.
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Discounting Future Costs and Benefits

The future development of costs
and benefits can vary significantly
between different project alterna-
tives. Dike-shifting involves high in-
vestment costs; the future benefits
include flood damage avoidance,
reduced nutrient concentration in
the water and restored habitats. No
dike-shifting means more financial
scope for consumption today, but
higher damage cost, higher spend-
ing on prevention of nutrient loads
and less benefit from additional
biodiversity in subsequent years.

In order to make differences in
temporal cost-benefit distributions
comparable, all future values are
discounted to their present value
and then summed up (the discount-
ed cash-flow method, illustrated by
the example of nature conservation;
see Herrmann et al. 2012).

The discounting of future val-
ues is justified by the consideration
that (a) investments help increase
production; and (b) people are will-
ing to forego consumption today to
save and invest in order to ensure a
higher level of supply in the future.
The model of discounting is thus
fundamentally based on the as-
sumption of future growth. If the
availability of goods and services is
to increase in the future, it makes
sense to rate the same quantity of
goods higher in the present than in
the future, when the quantity and
quality of available goods and ser-
vices will have risen, due to invest-
ment and growth. A no-growth per-
spective, however, does not per se
mean that any calculation based on

discounting would be obsolete. In
such a case, additional sustainabil-
ity criteria for each of the different
periods could act as limits showing
where discounting is still feasible
and where it is not. Nevertheless, a
generally accepted method for such
a case does not exist yet.

The choice of the interest rate
depends, among other factors, on
the type of investment that con-
stitutes the basis for comparison.
Private investments in innovative
goods can achieve a very high
return on capital. The rate of return
of saving deposits marks the lower
limit of interest rates for private
investments. A prerequisite for
the operation of private markets
are complementary products pro-
vided by the public sector, such as
infrastructure, education, jurisdic-
tion, social security, etc. If all these
costs were attributed to private
market activities, the real value of
the return of investments could be
reduced further.

The German Federal Environ-
ment Agency suggests using inter-
est rates of between 3 and 1.5%
in cost-benefit analyses, the latter
figure for cross-generational consid-
erations of over 20 years (UBA 2007).

Some authors (Baumgartner
et al. 2013) propose working with
different interest rates, arguing that
environmental goods and ecosys-
tem services should be discounted
at lower interest rates than other
goods. The underlying assumption
is that the supply of environmen-
tal goods and ES will deteriorate,
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making them more valuable per
unit, or that consumer demand for
environmental goods will increase
with growing incomes.

However, it should be noted
that the tendency to support low
interest rates for environmental and
growth-critical reasons, can also
have negative results for environ-
mental and natural assets in the
context of concrete decisions. In the
abovementioned example of dike
shifting, a low discount rate leads
to high values for all future benefits,
such as avoided flood damage,
extended habitat areas, reduced
maintenance costs, or additional
opportunities for recreation. But a
low discount rate also means that
the time of taking action, e.g. mak-
ing an investment in natural capital,
becomes ever more irrelevant to
the value of its outcomes. At a
discount rate of 3%, the net present
value (NPV) of an infinite constant
stream of benefits to begin imme-
diately is 80 % higher than one that
is to start in 20 years. At an interest
rate of 1%, the value of the stream
of benefits beginning today would
only be 20% higher than one which
were to start in 20 years. Hence, a
low interest rate can also be taken
as a reason for reluctance to initiate
environmental projects.

Conclusion: It is the state of the
art to use different discount rates
and different costing/calculation
periods, and to compare the differ-
ent outcomes with a critical view of
the underlying assumptions.

The final step in a cost-benefit analysis, as in itat function of its ecosystems for flora and fauna
any economic evaluation, is the aggregation of indi-
vidual values to a total value. This is done by adding
all positive and negative income effects (costs and
benefits) including the observed income equiva-
lents (willingness to pay). This means that, for
example, the social value of the preservation of the

recreational function of a landscape and of the hab-

is nothing but the sum of individual willingnesses
to forego income in favour of the maintenance of
these functions. The social value of a land develop-
ment project, e.g. an industrial plant, would result
from the net income growth caused by the new
plant, minus the willingness to pay for the lost rec-
reation and conservation functions, minus the agri-
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cultural land rent (which is usually included in the
price paid for the land by the new owner), minus
all other external costs not included in the price,
such as increased flood damage or flood regulation
costs caused by the additional water run-off due to
imperviousness of the land surface.

The process of evaluation and aggregation is
somewhat similar to an election (Osborne and
Turner 2007), but with some differences:

The individual can only vote in accordance

with the scope of his own interests (How often

does he really use a recreational area? What is
the share of the income generated that accrues
to him?).

The strength of a vote can differ (a greater or

lesser increase in individual incomes or of

income equivalents measured by willingness-
to-pay).

The individual is not directly asked to vote;

rather, his ‘vote’ is ascertained from the extent

(positive or negative) of the net income effect

accruing to him.

The net income effect does not have to be

investigated for each person individually, it is

sufficient if the sum is known.

Representative sampling methods are applied

to determine the benefits of public goods

(» Sect.4.23).

Economic valuation methods differ from the ‘one
man, one vote’ rule, inasmuch as every individu-
al valuation of public goods is in fact tied to the
amount of individual earnings, i.e. valuation results
can depend on income distribution. Normally, it
is not the purpose of a cost-benefit analysis to ex-
amine the fairness of distribution. In industrialised
countries, this is no problem, for income distribu-
tion is as a rule irrelevant to the results of a cost-
benefit analysis. Different weightings for individual
willingness to pay in order to compensate for in-
come disparities usually affect the overall results
only slightly. This may be different if the effects
of an international scope are assessed. Ignoring
income inequalities on an international scale can
easily result in ethically unacceptable valuation ap-
proaches.

The abovementioned principles of economic
valuation:

Are based on individual preferences

Assess values as relative advantages, expressed
in terms of changes in income or income
equivalents (willingness-to-pay)

Involve the formation of a social value by
simple aggregation of individual values

They do not mean that economic valuation com-
pletely denies the notion of values that are not
simply individual, but which rather have supra-
individual worth, such as divine commandments,
animal rights, or the notion of binding rules for a
harmonious human-nature relationship. Cost-ben-
efit analysis accepts such values, but treats them as
individual ones, assuming that they are solely valid
for the person that proclaims them. A person who
assumes, for example, that animal rights should be
ranked higher than the pursuit of any additional
welfare gains, cannot demand that all economic
advantages measured in a cost-benefit analysis be
set to zero. He can, however, demand that his own
individual foreseeable future income growth be
assessed as his willingness-to-pay against e.g. any
further species extinction.

o Accordingly, individuals and their choices
based on individual preferences tied to
their economic limits (income) on the one
hand constitute elementary declarative
units. That means that the economic value
is determined by the subjective evaluation
of individuals ascertained by means of a
survey of representative samples. In the
strict sense, expert judgments can only
be integrated into cost-benefit analyses if
they can be interpreted as approximations
to the preferences of individuals which
cannot be measured directly. In this view,
the economic value assigned to an ES is
not a quality that is inherent to that object
(e.g. an ecosystem), but rather a value
which depends on the overall context, not
only the economic context.

The valuation of the ES ‘fresh drinking water,
can, for example, depend on the following aspects
(Baumgértner 2002): How much clean water is there
in total? How is the supply of clean drinking water
distributed in space and time? How is the access to
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this resource regulated? What competing demands
for water exist, besides its use in households? What
kind of institutional restrictions exist? What kind
of alternatives are there to water use in various use
areas, and what would they cost? How much would
it cost to import clean water from other regions?
How much does technical water purification cost?
The failure of the market, private production
and private consumption to generate socially-ac-
ceptable or optimal results—i.e. a market failure-is,
according to economic doctrine, the occasion for
an economic evaluation. This may be the case if:
Production and consumption cause losses of
benefits or price increases for others (so-called
negative external effects). Examples: intensify-
ing agriculture by removing hedgerows im-
pairs the recreational capacity of a landscape;
diking along a river can prevent flooding of
areas behind the dike, but increases the flood
risk upstream and downstream.
Public goods are involved, i.e. those which ben-
efit a large number of people without or with
only limited possibilities of excluding anyone
from those benefits. Example: recreational use
of the open landscape, of public bathing waters,
the existence value of species/biodiversity, or
possible future pharmaceutical use of a certain
kinds of species. In such cases, due to the lack
of user payment, there are no incentives for
market activities to maintain the provision, to
prevent overexploitation, or to protect the asset
from detrimental external effects.
The costs of current activities accrue over
the long term, e.g. to future generations, and
therefore are not taken into account by present
market participants. For example soil erosion,
CO, emissions by intensive agricultural use of
peat soils.

In the case of market failure, economic valuation
has the function of informing about all costs and
benefits accruing to people now and in the future,
and enables decision-makers to reduce external
costs and maintain provisioning with public goods
to an optimal extent, thus maximising welfare un-
der consideration of all relevant costs and benefits.

Like public surveys and public participation,
cost-benefit analysis can help ascertain public opin-
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ion more precisely and make individual preferences
more obvious than can be done by general elections
only. In addition, it can reveal a malfunction of the
democratic system, for example, the lopsided influ-
ence of powerful interest groups which are able to
effect political decisions against the public interest
(e.g. environmentally counter-productive subsi-
dies; Brown et al. 1993).

Economic valuations need not necessarily
be carried out with monetary units (Abeel 2010).
Money can even be a hindrance. It can, for in-
stance, promote the idea that only the world of
market goods (production and consumption) re-
ally counts, whereas the actual goal is to correct the
results of the market, by making it clear that the
production of goods entails hidden costs that can
obscure their true prices. Often, we are persuaded
to produce things that we would rather do with-
out for other, nontraded goods, e.g. for biodiversity
and healthy ecosystems, if we knew enough about
the issues, or if it became obvious that national in-
come consists to a considerable degree of the costs
of repair of damage to the environment and nature
(Leipert 1989).

Money as a valuation unit may moreover sug-
gest that the valuated goods will in fact be priced
and thereafter traded. Nonetheless, the decision as
to how to deal with market failure is up to policy
makers, and is completely independent of the valu-
ation process. Whether market failure is to be cor-
rected by public supply, by do’s and don'ts, by incen-
tives, by taxes, duties or user fees or by the creation
of markets, is a matter for public decision making.
Economic valuation does not imply converting
public goods into commodities to be traded on the
market, either directly or indirectly.

Another misconception may be that the value
of an ES that is calculated and determined for a
specific social, economic or ecological environ-
ment could be transferred to other situations with
no adaption, like the price of a good trade on the
world market, for instance a smart phone. Such an
understanding, however, would overlook the fact
that many ecosystem services are tied to their point
of origin, so that no distribution can take place.
However, distribution in response to demand is a
prerequisite for the emergence of a common price
level on the market.
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On the other hand, valuation in monetary
terms can be highly practical. A monetary value
allows a trade-off involving costs, income and vari-
ous other goods, including public goods, based on
the views of a representative sample of citizens.
Other valuation methods, such as benefits analysis
(Zangemeister 1971; Hanke et al. 1981) and similar
types of so-called multi-criteria analysis (Zimmer-
mann and Gutsche 1991), also use decision-making
models based on trade-offs (» Sect 4.1.). However,
such models often depend on the opinions of a
limited selection of experts and/or ‘citizen experts’
(Dienel 2002), which are not representatives. Al-
though in certain cases, expert-based models may
have a high problem-solving competence, the so-
cial values upon which they often implicitly build
have not been validated.

Various decision-support instruments, such as
cost-benefit-analyses, expert-based multi-criteria
analyses or discursive processes of active citizen-
ship, should be used in accordance with their re-
spective strengths and weaknesses. A representa-
tive group of citizens mixed with some experts
could for instance provide useful advice for the best
use of a fixed local budget for various urban green-
space management measures; however, when it
comes to the preparation of a concept for reducing
soil erosion in a district (Grunewald and Naumann
2012), an expert-based cost-effectiveness analysis
would likely be better grounds for sound decision-
making. The cost-benefit analysis, after all, shows
its strengths when actions are to be taken that
might affect a great number of people physically
and financially in very different ways. This is the
case, for instance, when decision support is need-
ed on the question as to how much money a city
should spend overall on green-space management.
Another example would be the design of a well-
balanced programme of measures for reducing soil
erosion that should also take into account other ef-
fects, e.g. upon species preservation, the landscape,
or water pollution, in such a way that the costs of
the measures will best be outweighed by their ben-
efits.

Example

Grossmann et al. (2010) applied a cost-benefit analy-
sis on proposals for a bundle of nature-based flood
prevention measures by increasing the retention

area through dyke-shiftings (» Sect. 6.6.3). They
calculated the avoidance of flood damage, valu-
ated the water purification effect of an enlarged
alluvial floodplain by comparing it with the cost of
alternative measures for reducing water pollution,
and asked people about their willingness-to-pay
for the benefit of the enhancement of conservation
and recreation. The value of the ES thus assessed
was three times as high as the cost of the measures.

422 The Total Economic Value

The most widely accepted approach for the eco-
nomic valuation of ES is the concept of Total
Economic Value (TEV, Pearce and Turner 1990)
(B Fig. 4.6). The various benefits of ecosystems
are classified as either use values or nonuse values.
Use values are further subdivided into direct and
indirect use values and option values. Nonuse val-
ues are broken down into existence values and be-
quest values.

= Direct Use Values

Direct use values accrue from the direct use of ES for
consumption and production, e.g. food, firewood,
medicine, timber, drinking water, cooling water,
etc. The use of a landscape for recreation, leisure ac-
tivities, tourism or scientific or educational purpos-
es is also considered a direct use of ES (Baumgirt-
ner 2002). Direct use can be consumptive-example:
firewood-or nonconsumptive, as with recreation.
Direct use values are linked to provisioning services
and goods, as well as with some sociocultural ES,
such as for recreation, cultural identity, landscape
aesthetics and knowledge services.

Total Economic Value (TEV)
ES

|
[ 1 1

Use values Nonuse values

[Option values}

Direct use values Bequest values

Indirect use values Existence values

B Fig.4.6 The concept of total economic value (TEV).
(Adapted from Pearce and Turner 1990; Brauer 2002)
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= Indirect Use Values

Indirect use values arise when ecosystem services
interact directly or indirectly with human activi-
ties. Examples are flood control by means of wa-
ter-retention measures in alluvial floodplains, the
self-purification effect of water bodies, or the water-
filtration capacity of soils. The so-called regulatory
services generally fall into this category. The eco-
nomic value of these services is measured as the
change in the costs and benefits of the use that is af-
fected by them, e.g. reduction of flood damage, ben-
efits from additional use as a swimming location, or
the decreased costs of the drinking water supply;
see, by analogy, the concept of final ecosystem ser-
vices by Boyd and Banzhaf (2007) (» Sect.3.2).

= Option Values

Option values express the fact that there is a will-
ingness to preserve the possibility of later use of ES,
regardless of whether this will really take place or
not. Option values and values to be realised in the
future correspond largely to the so-called Potential-
ansatz (capacity approach) in German landscape
planning (» Chap. 2 and » Sect. 3.1). The option
value can also be interpreted as an insurance pre-
mium that people are willing to pay to maintain the
possibility of future use (Weitzman 2000). Option
values are especially significant in the context of
landscapes and ecosystems of high cultural signifi-
cance and singularity, such as the Brocken peak in
the Harz Mountains in Germany, or with respect to
the uncertainty of a future economic use of species
and their genomes (e.g. Norton 1988).

= Bequest Values

The bequest value expresses the willingness of
people to forego parts of their present income in
order to preserve things for future generations. This
heritage can refer to sociocultural ES, but also to
provisioning services.

= Existence Values

Existence value reflects the willingness-to-pay for
the preservation of things regardless of whether
there is any likelihood of their future use or not, just
in order to preserve their existence. Such values are
often ascribed to assets thought to have an intrinsic
value, such as living species, e.g. in the concept of
animal rights.
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These different kinds of values, named above,
are conclusive. Their sum is the overall economic
value of an ecosystem. However, in field studies, it
is often impossible to clearly separate the different
values from one another.

Investigations at Natura 2000 sites have revealed
that more than 50 % of their TEV were constituted
by indirect use values and nonuse values (Jacobs
2004). That means that from a conservationist
point of view, these values, especially the option,
bequest and existence values, are the most critical
ones. On the other hand, the problems of reliable
evaluation increase as one moves from direct use
values to nonuse values.

4.23 Valuation Methods and
Techniques?

Use Values

= Market Prices

If assets provided directly by nature can also be
found on markets in the same or a similar quality-
e.g. mushrooms, fish, game-the market price can
be used as a proxy for their value (the market-price
method). One important precondition for the ap-
plicability of this method is that product qualities
and the demand for marketed and non-marketed
products are similar. This is not always the case,
however. For example, experience shows that blue-
berries which are picked in the woods on a hike
taste particularly good, this special kind of appro-
priation seems to give them an extraordinary qual-
ity, so that they could be rated considerably higher
than purchased blueberries. On the other hand,
the picking is an activity that is incidentally per-
formed, without significant additional effort. One
might also pick the berries when demand is low,
and therefore have to valuate them at a price well
below their market price. The same is true of self-
caught fish. As an actively appropriated product, it
might have a higher value than comparable market
products, but it could also serve as an incidental
by-product of the fishing activity itself, which is the

2 For a systematic presentation of economic valuation
methods that is also addressed to noneconomists see
» www.ecosystemvaluation.org.
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B Fig.4.7 The economic value of the provisioning service of a field (here cornfield near Sulingen in Lower Saxony) can
be measured on the basis of the income loss resulting from abandoned agricultural use. © Burkhard Schweppe-Kraft

actual ES provided-recreational activity. If the fish
is used by the family of the angler, their possibly
differing preference for fish may also be important
for the valuation.

The market-price method could, for example,
be suitable for the valuation of the effect of an al-
teration in forest management on all the wild fruits
to be found there, or it could be appropriate for the
valuation of the improved water quality in a lake on
the composition of its fish population (less biomass,
but a higher proportion of game fish). In both cases,
the changes on the supply side are only one side of
the coin, for the extent to which the additional sup-
ply will really be used must also be assessed. Finally,
the question should be answered, e.g. on the basis of
surveys, to what extent the value of the products is
thought to lie above or below the market price level.

®»  Change of Value Added, Profits, Return on
Sales Minus Cost of Production

The majority of market goods created with the

help of ecosystem services, such as drinking water,

wood products, food, etc., is produced in combi-
nation with labour and capital. If the ES change,
e.g. additional land used for agricultural produc-
tion, causes increased sales of goods, the additional
value of sales is not the only determining factor for
their valuation; rather, it is the difference between
the additional sales and the costs of the use of capi-
tal, precursor products, production facilities and
labour power, including a normal remuneration of
the labour input of the entrepreneur. The difference
remaining after this calculation corresponds in the
case of e.g. cropland more or less to the cost for the
lease of the land being assessed, or a comparable
plot. Therefore, the ground rent (lease) is often used
as a proxy for the net value of the productive input
of ecosystem services that are combined with cer-
tain plots of land (Hampicke et al. 1991).

Example

What loss in the value of agricultural production
would result from the abandonment of this field
(@ Fig. 4.7)? From the total loss of market reve-
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nue, one must first subtract the variable costs. In
addition, adjustments with respect to labour and
capital inputs will occur in the mid- or long-term
and have to be considered in the evaluation. After
these adjustments, the loss of ground rent (lease)
remains as a permanent loss. This is determined on
the basis of various favourable and unfavourable
factors, such as soil fertility, water supply, climate,
slope, etc. When evaluating large-scale soil loss in
developing countries, one would have to assume
significantly higher income losses, due to a lack of
alternative employment opportunities. Nothing in
the world would suffice to persuade us to do with-
out the entirety of the agricultural land on earth-its
loss would have a value of ‘minus infinity’ (Costanza
et al. 1998).

If a corn (maize) field is converted into a species-
rich damp meadow, for example due to conserva-
tion measures, a comparison of these two differ-
ent provisioning services—corn and hay, respec-
tively-would require a calculation of the difference
between the proceeds from the sales of these two
products, and of the above-described production
costs. For the corn, this difference would be posi-
tive; for the hay, probably neutral or even negative.

For a comparison of the total economic value
(TEV) of intensive—-e.g. corn-and extensive farming
systems—e.g. a meadow-a correct valuation of the
services corn and hay could be critical. The differ-
ence between the profits is often significantly less
than the difference between the sales proceeds, one
reason being that intensive farming systems often
require higher inputs. The different valuation of pro-
visioning services, in one case on the basis of sales
proceeds, in the other on the basis of sales proceeds
minus costs, explains why in the study by Ryffel and
Grét-Regamey (2010), the calculated total value of
species-rich grassland is less than that of intensively
used grassland, while in the study by Matzdorf et
al. (2010), the species-rich grassland comparatively
outperforms the farmland (» Sect. 6.2.4).

An assessment of provisioning services on the
basis of sales proceeds would mean that not only
ES would be evaluated, but the value added by la-
bour and capital, too, would be included. A cor-
rect application of the cost-benefit analysis must
always subtract the costs necessary for production
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from the value created, to calculate the net yield.
In the case of provisioning services, this means the
respective earnings minus the wages for the work
of the contractor plus the rent paid for the land (see
environmental services » Sect. 2.1).

Implicitly, the above calculation of provision-
ing services involving profits or rents is based on
the assumption that the labour thus ‘freed” and-at
least in the medium to long term, even the capital
thus ‘freed’-will find uses elsewhere, and will there
generate added value that corresponds to the costs.
Cost-benefit analyses carried out in industrialised
countries are, due to the flexibility of the markets
for labour and capital, generally based on this sim-
plifying assumption. Deviations should be clearly
identified and explained. In many regions in devel-
oping countries, however, the necessary alternative
opportunities are not available, particularly for the
factor labour. If the destruction of the services of an
ecosystem, e.g. the loss of soil fertility, or overfish-
ing, drives the people who had depended on these
services into long-term unemployed, the cost-
benefit analysis would have to include as the value
of the supply service concerned not only the lost
profits, but the entire value, including labour and
possibly capital costs. In industrialised countries
like Germany, adjustment problems and deadlines
are more likely to be the factors to be taken into ac-
count with respect to the factor capital.

Therefore, when determining the cost of a
change in agricultural production or the abandon-
ment of agricultural use the calculations for the
short or medium term are often based on contribu-
tion margins. A contribution margin is the market
revenue minus the variable costs. As the term im-
plies, the contribution margin per hectare states the
contribution that the production on one hectare of
land makes to cover the fixed costs of a business, for
example, to the interest payments due on the loan
for stables (see case study in » Sect. 6.2.3). A con-
tribution-margin calculation assumes that unused
capital is inflexible, i.e. it cannot be used elsewhere
just as profitably. In the short term, such a method
of calculation is justified; in the medium term how-
ever, adaptation possibilities have to be assumed.
After the technical depreciation period of the capi-
tal involved-at the latest-it is advisable to shift to
such values as lease or long-term profit outlook for
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O Fig.4.8 Fruit growing areas are particularly depen-
dent on pollination services. © Burkhard Schweppe-Kraft

the calculation of production losses. The correct
handling of the costs of capital can be crucial for the
actual calculated results. For example, in a case of
the rewetting and use abandonment of previously
farmed peat soils, Roder and Gritzmacher (2012)
calculated costs of € 40/t of saved CO, emissions,
on the basis of contribution margins. If only the
lease costs of, say, € 250/ha were used in the calcula-
tion, a much more favourable value of around € 9/t
of CO, would result. Assuming a 20-year adjust-
ment period with adaptation rates at a consistent
level and a calculated interest rate of 3%, costs of
over € 17/t would result. Calculation examples from
studies based on all three types of calculations can
be found in the literature. This shows that major
methodological differences occur not only in the
evaluation of ES generally, but also that great ten-
sion is possible simply with the very conventional
cost calculations, which are based on different, and
often highly questionable, assumptions.

The example of using land-lease as an approxi-
mation for the long-term value of the agricultural
production function of an ecosystem (provision-
ing services) again shows dramatically that eco-
nomic valuations generally apply only to relatively
small changes: The higher total value of grassland
compared to farmland, which can be calculated
on the basis of the study by Matzdorf et al. (2010)
(» Sect. 6.2.4), applies only to the case of the cur-
rent distribution between grassland and farmland.

If, due to the currently high total economic value
(TEV) of grassland, ever more farmland were to be
transformed into meadowland, the supply of the
various public and private goods produced using
these land areas would gradually increase so greatly
that the prices and the willingness-to-pay for any
additional margins of these goods would fall. The
total economic value per unit of converted farm-
land could pull even with the TEV per additional
unit of grassland, and then even exceed it. This
could in fact be accomplished relatively quickly,
for example in the case of the species-protection
function/service. For the preservation of biodiver-
sity often optimally requires a mix of grassland and
farmland, and not a grassland monoculture.

This also shows why the value of the sum of all
ES cannot be calculated from the value to be set for
a relatively small change to be assessed. Multiply-
ing the total stock of farmland in the industrialised
countries by the respective lease values per hectare,
the result is by no means the value that society would
be willing to pay for the preservation of the agri-
cultural production output of these areas; the true
figures would be significantly higher. With the in-
creasing loss of production areas, prices would rise
to an extreme degree, and the social upheaval thus
provoked would have uncontrollable consequences.

Example

Within the EU, the service pollination is estimated
at a value of some € 14 billion (Gallai et al. 2009).
This is the value of agricultural products which are
highly dependent on insect pollination. This knowl-
edge does not help much for concrete valuations.
In assessing the changes in pollinator populations
in specific growing regions, the decisive factor is
whether the populations there already constitute a
limiting factor for production, or whether they are
extant in abundance. So far for example, we know
relatively little about how flower strips within fruit-
growing areas impact on the net yields (@ Fig. 4.8).

= Change in Production Costs

The cost of production method also ascertains the
change in the difference between the sales pro-
ceeds and costs of production, but it does so for the
special case that product quantities and revenues
remain constant, and that only the costs of produc-
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tion change. The typical example of this case is the
reduced effort required to provide clean drinking
water if a farm field, which generates pollution is
replaced by grassland. Another example would be
an increased use of fertilisers to compensate for re-
duced soil fertility, which has resulted, for example,
from intensive use, or soil erosion caused by the
removal of hedgerows and other small structures.

In these cases, the production cost method was
used directly to valuate the supply capacity of eco-
systems (water supply, agricultural production),
and also indirectly to assess the impact of regula-
tory services (reduction of soil pollution, and of soil
erosion by small structures) upon the respective
provisioning service.

= Damage Costs, Mitigation Costs, Adjustment,

Repair, Replacement Costs
Many regulating services influence the effects of
natural hazards (flooding, avalanches and mud-
flows, storm damage, etc.) and anthropogenically
induced risks (climate change, air pollution, urban
climate stress). For the evaluation, the damage and
damage prevention costs and the adaptation, repair,
replacement or avoidance cost can often be used.
Here, the extent to which damages (including medi-
cal expenses), or the cost of prevention and repair
(rehabilitation) can be changed by ecosystems and
ES is examined. Examples include the prevention
of flood damage through restoration of floodplains,
or avoidance costs for the treatment of respiratory
diseases caused by the dust-filtration effect of urban
green spaces.

It is a general economic principle that a goal
should be achieved at minimum cost. If a damaged
item is of lower value than the cost of its repair, it
is more beneficial to all concerned to monetarily
compensate the aggrieved person than have the
damage repaired. This principle applies not only
to the compensation for damage to passenger cars,
but also to evaluation in the determination of to-
tal economic value (TEV). The same applies if the
damage-avoidance costs are higher than the dam-
age. Here, to0, it is cheaper to pay the lower insur-
ance compensation for a damaged asset than the
higher cost of completely avoiding the potential
cause of damage. Such situations are referred to as
the least-cost principle.
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Often, only a portion of the value of an ecosys-
tem services can be quantified by damage or repair
costs, just as medical costs often reflect only the cost
of treatment, but not the physical or mental suffer-
ing of the patient. If, due to increased use intensi-
fication in an area, there are no more skylarks or
partridges there, the cost of resettlement or avoid-
ance of that loss may be significantly less than its
ethical and aesthetic significance. Other methods,
such as willingness-to-pay analyses, should be used
if damage or avoidance costs can measure only part
of the total economic value of a service.

Example

During the mid-1990s, Pimentel et al. (1995) assessed
the on-site and off-site costs of erosion in the USA,
and arrived at a figure of about $100/ha/yr. If this or-
der of magnitude of replacement and damage costs
is compared with the cost of erosion-mitigation
measures, a very positive cost-benefit ratio of 1:5 re-
sults; the soil erosion hazards due to water and wind
are thus reduced from 17t/ha~'a ~'to 1t/ha™'a™". Us-
ing an analogous approach for a loess-covered, pre-
dominately agricultural area in Saxony, Grunewald
and Naumann (2012) ascertained a cost-benefit ratio
of approximately 1:2 (» Sect. 6.6.2).

= Alternative Costs
Closely connected with the above methods is the so-
called alternative-cost approach. This method often
valuates not the costs in fact incurred, but rather
those of theoretically possible options which might
be used in order to achieve a goal in an alternative
manner. An example might be the evaluation of the
additional self-cleaning capacity of a renaturated
water body, using the two potential alternatives of,
on the one hand, the measures necessary to reduce
pollutant input from agriculture, and on the other,
the building of additional wastewater treatment
capacity to achieve the same water-quality effect.
The erosion protection provided by hedgerows and
small structures could, for example, be valuated not
only via the production-cost method, as above, but
also on the basis of the cost of soil conservation
measures on the field which are equally effective.
Whether or not a corresponding alternative-
cost approach is permissible depends on whether
the social goals are formulated in a sufficiently
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binding manner or not. Strictly speaking, the alter-
native-cost approach only leads to correct results
if the objectives are formulated in such a binding
manner that the necessary measures for their al-
ternate achievement will actually be implemented
in the not-too-distant future. An example of such
a binding social goal is the EU Water Framework
Directive (WFD), which mandates the attainment
of a certain level of water quality (» Sects.3.3.2 and
6.6.2). If farmland is converted to grassland, the
nutrient input into the groundwater and the sur-
face waters is reduced, and the specified goals of
the WFD become more attainable. A correspond-
ing contribution to the reduced water pollution can
be achieved by various measures in farming, or by
improvements in the treatment stages. Under the
least-cost principle, an alternative measure, which
allows both similar relief at the lowest cost and at
the same time has a realistic chance of implementa-
tion should be selected as the value of reduction of
nutrient immissions due to conversion into grass-
land. Matzdorf et al. (2010) used a value of between
€ 40/ha and € 120/ha for the valuation of the re-
duced nutrient inputs through the preservation of
grassland, based on the evaluation of data of cost-
effective measures to reduce nitrogen emissions by
Osterburg et al. (2007) (» Sect. 6.2.4).

Measures for rewetting and restoring formerly
farmed peat soils halt the mineralisation of organic
soil components, and thus lead to a significant reduc-
tion of greenhouse-gas emissions. The evaluation of
this regulatory service ‘rewetted peat soils’ is possible
both on the basis of damage costs and on the basis
of alternative cost. In accordance with the Stern Re-
port, the methodological convention of the German
Federal Environment Agency (UBA 2007) suggests
a preliminary cost estimate of approximately € 70/t
of CO,, based on a combined damage-/mitigation-
cost analysis. In case of the use of wind power, 1 t
of avoided CO, emissions costs approximately € 40;
on the European carbon market, a ton of CO, cost
€ 6-7 in early April 2012. Which of the above values
is to be used for the valuation of the CO, emissions
saved by rewetting will depend on how future devel-
opments are to be assessed (» Sect. 6.6.4).

It can be assumed that the required reduction
of CO, emissions cannot be implemented solely us-
ing the current favourable measures that enable the

current low prices on the carbon market. Achieving
the goal at these costs is thus unrealistic. Measures
in the cost category of CO, avoidance through wind
power would seem, for example, to be more realis-
tic. If we assume, moreover, that the goal of limiting
the temperature increase to 2°C will fail to be at-
tained by a wide margin, which seems increasingly
likely, even the € 70 damage costs would have to be
considered too low. The example shows that even
with realistic assumptions, there can be very wide-
ly divergent evaluation approaches. Evaluations
should therefore always disclose the assumptions
upon which they are based, and whenever possible,
alternative calculations under different assump-
tions should be undertaken.

Example

At the beginning of the 1990s, the city of New York
was forced to take action, since it no longer met
the established drinking-water quality standards.
A water filtration and treatment plant was to be
built for $ 6-8 million, and operating costs of about
$ 300 million per year would have been added. As
an alternative, the issue of improving the ecological
functions of ecosystems in the Catskill Mountains,
the drinking-water catchment area for the city, was
examined. This cost was estimated at a one-time
investment of € 1-1.5 billion. Faced with a balanc-
ing of interests between the cost of improving the
ecosystems on the one hand and the development
of purification technology as a substitute for the
reduced ES of degraded ecosystems on the other,
the decision was made in favour of the ES option
(Chichilnisky and Heal 1998).

= Real Estate Prices—Hedonic Pricing
The evaluation approaches presented above have,
under the MEA (2005a) system and the ES clas-
sification (» Sect. 3.2), respectively, been oriented
primarily towards provisioning and regulating
services. The hedonic pricing method is oriented to-
wards the sociocultural services recreation and aes-
thetics, or beyond that and in more general terms,
towards the subjectively evaluated welfare functions
of green elements and green spaces in the residen-
tial environment.

Under the hedonic pricing method, the goal
is to ascertain the effect of near-residential green
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spaces on real-estate prices by statistical analysis.
Hoffmann and Gruehn (2010) come to the conclu-
sion that in densely populated inner-city districts,
the green features of the residential environment
accounts for 36% of the property value. In less
densely populated, smaller towns, the effect is less
(» Sect. 6.4).

The hedonic pricing method covers only that
portion of the use of urban green spaces that ac-
crues indirectly to the property owners. Any bene-
fits above this portion would have to be ascertained
by other methods, by carrying out an additional
willingness-to-pay analysis, or on the basis of the
statistical data estimates of a demand function,
similarly to a travel-cost analysis.

= The Travel-Cost Approach

The term travel-cost analysis covers a whole pack-
age of different methodological options, which are
primarily used for the evaluation of recreation ar-
eas. Here, the relationships between the number of
trips to a region or a certain type of area and the
amount of the cost per trip are analysed statisti-
cally. In the newer versions of the method-also the
quality of the area for recreation (e.g. landscape,
landscape diversity, facilities with recreational in-
frastrucure) are taken into account. On this basis, a
demand function for recreation in the area or area
type in question is assessed. Based on a comparison
of the behaviour of visitors with high- and low-ac-
cess costs, respectively, it is possible to deduce that
the willingness-to-pay for the first visit undertaken
within a given monitoring period to a particular
area or type of area is higher than for later visits.
Visitors with low access costs do not need to exer-
cise this higher willingness-to-pay for the first visit
in real terms, and thus realise a so-called consumer
surplus. The sum of all consumer surpluses yields
the total net benefits of recreation in the assessed
areas. The consumer surplus constitutes the will-
ingness-to-pay that an individual has for a recre-
ational activity, minus its actual cost.

In some proposed methods and evaluation
studies (Ewers and Schulz 1982; UBA 2007; to some
extent too, Getzner et al. 2011), the actual costs of
a recreational activity are regarded as its benefits.
Certainly, assuming rational behaviour, the benefits
must generally be at least as high as the cost paid for
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them; however, as discussed above in connection
with the costs for the production of agricultural
products, the purpose of a cost-benefit analysis is
to ascertain the difference, or the ratio of costs to
benefits, for each alternative. With such a difference
ascertainment, the result of a recreational activity
the benefits of which are just as high as the costs,
would always be neutral; the net benefit, i.e. the dif-
ference between benefits and costs, would always
be zero. This result would emerge in all studied al-
ternatives, regardless of whether the recreation ar-
eas were of average quality, are actually upgraded,
or would be devalued by impacts. For it we dis-
pense with the counterbalancing of the costs, and
show the cost only in their indicator function for
the minimum benefit, we will arrive at completely
nonsensical evaluation results when comparing op-
tions. For example, if the construction of a bypass
road were to lead to an increase in the expense of
money or travel-time to be paid by the inhabitants
for access to their recreation areas, this would not
be recorded as an obstacle to their recreation, but
rather as an increase in their recreational benefits.
Hence, the simple calculation of cost is unsuitable
for the evaluation of recreational benefits. The goal
must be to calculate the consumer surplus, the dif-
ference between the benefits (or willingness-to-
pay) and the costs.

Under the travel-cost method, which uses this
approach, willingness-to-pay is derived from the
observed actual behaviour of a large number of dif-
ferent recreation-seekers, using statistical methods.
This, like the land-price method, is one of the so-
called revealed-preference methods, based on an
investigation of factually evident preferences, in
contrast to the stated-preference methods, in which
the preferences are directly queried.

Example

In the Eibenstock-Carlsfeld region in the western Ore
Mountains of Saxony, a survey was carried out via
interviews among visitors and tourist-service provid-
ers on their appreciation of the landscape scenery
(Grunewald et al. 2012). The questions concerned the
qualitative landscape characteristics and preferences,
travel expenses and willingness-to-pay for the main-
tenance and appearance of the landscape. For this
purpose, the monetisation approaches of the travel-
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cost and willingness-to-pay methods were used.
The study comprised face-to-face interviews with
95 summer and 105 winter tourists; travel costs were
recorded for a total of 584 individuals. The goal was
the analysis and monetary valuation of sociocultural
ecosystem services related to landscape aesthetics, in
order to provide a foundation for the improved land-
scape planning and management.

The tourists’ aesthetic perception of the land-
scape elements in the region is influenced primarily
by visible, near-natural landscape elements, such as
the forest and water bodies, and by their harmonic
composition. An undisturbed landscape was the
principal reason for travelling to the region and
spending vacations there. Altogether, tourists paid
about € 5.5 million per year in travel costs (extra-
polated to the total number of tourists visiting the
region), they are willing to pay € 170,000 per year
in addition for the protection and management
of ecosystems. The results show that the visitors
valued public goods and services highly, a factor
which will have to be considered more strongly in
future planning (Grunewald et al. 2012).

= Hunting Leases, Fishing Licences, etc.

For some recreational activities, such as hunting or
fishing, there are prices to be paid in the form of
fishing licences and hunting leases. These, unlike
such expenses as those for fishing equipment or the
fuel used to reach a fishing spot, are an expense as-
sociated with no real costs, or only minimal ones. A
payment that is not remuneration for any labour or
capital cost is referred to as a ‘surplus’ Even the rent
for agricultural land is such a ‘surplus’ By paying
for a hunting lease or fishing licence, the sportsman
shows that his benefit from the fishing or hunting
activity is at least equal in value to that payment.
In this case, as with the land-price method, this
share of the benefits accrues not to him, the user,
but rather to the owners of the land leased. The ben-
efits that can be calculated from fishing or hunting
leases is the lower limit of the actual benefits from
that activity.

If we also wish to ascertain the net benefits to
the anglers and hunters over and above this mini-
mum, it would be necessary to apply other meth-
ods, such as the travel-cost approach or contingent
valuation. It is important in cases of changes in the

conditions for recreational use, to always also as-
certain the possibilities of substitution. Generally,
there are also other places where recreational activ-
ities may be carried out. In such cases, the increase
in travel costs to remaining alternative fishing or
hunting areas would be a first rough measure for
the welfare loss caused by the degradation or the
loss of another area. With a more precise travel-
cost analysis, it would be possible to capture also
the ‘consumer surplus’ over and above simple cost
effects.

= Admission Prices

A method for calculating leisure and recreational
use which was in the past particularly common is
the admission-price method. Here, the recreational
opportunity to be valuated-from city parks to na-
tional parks—is compared with similar recreational
activities for which a price of admission is charged.
One problem with this method is that people who
spend time in fee-based recreational facilities, such
as former horticultural exhibitions or amusement
parks, may have different preferences from those of
people who use free leisure facilities, such as urban
forests or natural parks, so that it is difficult to find
truly comparable situations. For example, admis-
sion-charging swimming pools and guarded beach-
es often have a distinctly different character than
free swimming spots. Moreover, the price of admis-
sion reflects the lowest level of willingness-to-pay
among those who avail themselves of the service;
some visitors would be willing to pay a higher ticket
price. Because of these problems, a valuation based
on admission prices should also be supplemented
by some other alternative valuation method, such
as travel-cost or willingness-to-pay analysis.

= The Willingness-to-Pay Analysis (Contingent
Valuation), Choice Analysis

In addition to, or as an alternative to the above
methods, any direct or indirect use value can
theoretically be assessed on the basis of direct in-
terviews using contingent valuation or the choice
analysis. These valuation techniques are used for
the ascertainment of both use and nonuse values
(see below). Applied to the same evaluation ob-
ject, travel-cost and willingness-to-pay analyses
often provide relatively similar results (Léwenstein
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1994; Luttmann and Schroeder 1995; Whitehead et
al. 1995). In cases where specialised knowledge is
required for an evaluation, e.g. for the evaluation
of changes in soil fertility, erosion, effects on water
quality, flood damage, etc., complementary expert-
based methods should also be used, in addition to
the willingness-to-pay analysis, in which, since it is
a representative approach, largely nonexperts are
interviewed.

Methods for the Detection of Nonuse
Values

= Contingent Valuation, Choice Analysis
Preferences for nonuse values, such as the desire to
preserve species and habitats as a ‘value in and of
itself” (existence value), or so that they can be used
and experienced by future generations (bequest
value), can, like option values, currently only be
ascertained by direct, representative surveys. The
main methods for this are the willingness-to-pay
analysis and the choice analysis.

The willingness-to-pay analysis asks how much
money or income an individual would be willing to
do without, as a maximum, in the form of a gen-
erally mandatory landscape-maintenance tax, so
that nature might be preserved, or a specific con-
servation programme might be implemented. In a
choice analysis, the respondents are presented with
different options about the future, which they can,
by means of various procedures, either accept or
reject. Each option here describes various condi-
tions related to the natural environment, and an
income-relevant quantum, such as a surcharge or
deduction for income tax purposes. By means of
statistical analysis, willingness-to-pay with respect
to the various parameters can be derived from the
various ‘decisions’ thus made.

There is an extensive body of scientific literature
on the validity of stated preference methods and the
possibilities for improving and securing their valid-
ity (e.g. Hoevenagel 1994; Marggraf et al. 2005).

o A number of results regarding will-
ingness-to-pay for conservation mea-
sures in Germany are now available
(B Fig. 4.9; » Sect. 6.6.1). They involve
extensive activities, such as national pro-
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grams for the conservation of biodiversity
(an average of € 231 per household per
year) down to such local activities as mea-
sures for the conservation of the dusky
large blue butterfly on 64 ha in Landau,
the Palatinate (€ 22 per household per
year). The fact is that today, every house-
hold pays an average of around € 16-20
per year for conservation via public expen-
ditures for nature conservation that are
based on their tax payments.

Some authors argue that concrete locally visible
measures should be queried as much as possible,
this provides a more realistic assessment of will-
ingness-to-pay (Fischer and Menzel 2005). On the
other hand, results regarding smaller, more specific
measures always leave the question unanswered
as to how the group of those questions regarding
willingness-to-pay is to be defined: only at the mu-
nicipality level, or that of the district, of the entire
state, or nationwide? When questioned at the local
level, one has to deal with the effect that measures
in sparsely populated areas tend to always obtain
a lower value than measures in densely populated
areas, because of the smaller population, and hence
the smaller potential willingness-to-pay group. For
the valuation of nature as an ‘intrinsic value, this
would be a substantively unacceptable result. More-
over, it has been demonstrated that the evaluation
of specific measures always includes the implicit
distributional assumptions of the respondents (‘If
I pay for Measure A, I assume that others will pay
for Measure B’; Degenhardt and Gronemann 1998).
As an evaluation of B Fig. 4.9 shows, a lower will-
ingness-to-pay does tend to be expressed for special
measures than for comprehensive measures; how-
ever, at the local and regional levels, the willingness-
to-pay per measures unit is considerably higher. In
the case of the preservation of the dusky large blue
butterfly (Glaucopsyche nausithous) in Landau, the
conversion of the willingness-to-pay results of the
population to a per-ha of measure-implementation
value yields € 6656/ha/yr. However, in a nationwide
programme examined by Meyerhoff et al. (2012),
values of only € 1000/ha for the specific grassland-
part of the programme, exclusively, were obtained
and 300 €/ha if the whole programme was valued.
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0,58 ironmentally sound forest restructuring in the Sollig and Harz regions (Meyerhoff et al. 2006)
0,42 —1,23 (ﬁ,’;’r;mﬂ 2{;62; gh lisation of floodplains on the river Elbe (also the Rhine and

1,14 and extensification and land g (Degenhardt et al.1998)

1,60 nd extensification and watercourse margin strips (small-scale prog ) (D etal.
0,83-2,52 ssland conservation in North Rhine-Westphalia (Henseleit 2006)

1.80 % u::: oo: l:t:: ::r;.;:;ua butterfly (Maculinea teleius) on 64 ha of land in the Landau/Pfalz

2,16 ion of the Sch Charin biosphere reserve ( 1998)

2,72 nsification and watercourse margin strips (I le prog ) (Deg: etal

4,03 and ent biodi ity in G forests (Kupker 2007)

4,26 in the Allgédu and Kraichgau regions (Jung 1996)

5,68 Lahn-Dill uplands (Corell 1994)

7.16 and and Werra-MeiBner districts (Zimmer 1994)

7,20 amme for West Berlin (Schweppe-Kraft et al.1989)

8,18 r nature conservation (Al ben & yerbach 1994)

8,24 (Holm-Miiller et al.1981)

8,76

10,23

13,19

2017

O Fig.4.9 Willingness-to-pay for conservation programmes encompassing various spatial and substantive factors
(in €/mo.). When comparing the data, one matter to consider is that no adjustment was made for inflation. (Adapted
and supplemented from BfN 2012 (references other than Meyerhoff et al. 2012 see there))

Actual per ha costs of conservation measures are
usually below these figures.

For concrete decisions on conservation projects
or interventions at the state or federal levels, the ef-
fect due to different population densities, regional
preferences or implicit distributional assumptions
are not particularly helpful. Such decisions should
therefore be based on willingness-to-pay analyses,
with which comprehensive programmes have been
evaluated. Special willingness-to-pay for individual
measures within these programmes could then be
roughly evaluated on a pro rata basis, for instance
per area segment, or, more accurately, through more

detailed expert-based scoring methods (Schweppe-
Kraft 1998).

= Restoration-Cost Method
A nonpreference-based method for the assessment
of existence values is the restoration-cost method.
It is especially applied for the evaluation of the
functions or services of habitats for the preserva-
tion of biodiversity. Under this method, the costs
which would accrue if one were to first destroy a
habitat and then restore it, are ascertained.

If restoration is required by law, this method is
only used to ascertain what a measure, such as the
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construction of a road, would additionally cost in
the form of mandatory compensatory measures. If
restoration is not required, it ascertains the costs
which would be incurred if society were to recog-
nise in the future that restoration were necessary
or desirable. Under economic theory, this approach
is acceptable, since international conventions and
policy statements such as the European Biodiver-
sity Strategy have made a commitment to a ‘no-net-
loss™ strategy with respect to the conservation of
biological diversity. This means that we can-hope-
fully-assume with a relatively high degree of prob-
ability that such a restoration will in fact occur in
the future.

A particular challenge in restoration-cost
methodology is the monetisation of interim losses
of function. Unlike technical infrastructure, the
restoration of the biodiversity of ecosystems is not
completed with the conclusion of the restoration
of physical initial conditions (e.g. termination of
intensive use, rewetting), but rather well, beyond
that, require a number of years or even centuries.
A number of different methods exist for evaluating
the interim loss of function (Schweppe-Kraft 1998;
Dietrich et al. 2014). In the USA, a discounting
procedure within the framework of the so-called
habitat equivalency analysis has been widely used
since about 1995 for the quantification of damag-
es. Previously, this method had already also been
proposed for use in Germany for the assessment
of tree damage and damage to habitats (Buchwald
1988; Schweppe-Kraft 1996; » Sect. 6.6.1). The res-
toration-cost approach is also used in the German
impact-regulation system (K6ppel et al. 2004).

If this method is used to assess the approxi-
mately 10% of Germany, which are of particular
significance for the conservation of biological di-
versity, we obtain values of between 50 cents/m?
for farmland with endangered segetal plants and
almost € 200/m? for intact raised bogs. The to-
tal value of this 10 % of the land area in Germany
comes to approximately € 740 billion, which, at the
time of calculation, equaled some 80 % of the value
of German productive capital (8 Table 4.1).

© Such economic valuation methods as
cost-benefit analyses have the goal of
evaluating the macroeconomic benefits
of measures. For local decision-making,
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however, other quanta are often determi-
nant, such as the effect on regional income
and employment, as assessed by Job et al.
(2005, 2009) for selected protected areas
(8 Table 4.2).

Benefit Transfer

Here, results from other primary studies in which
ES-values have already been collected are trans-
ferred to the study area and to the services to be
tested. There are four stages of benefit transfer
(Wronka 2004; TEEB 2010): direct transfer, cor-
rected transfer, transfer of evaluation functions
and meta-analysis. However, this distinction is of
a more or less technical nature. Whether a direct
transfer leads to acceptable results, or whether a
transfer with an evaluation function is required,
depends on the particular problem.

Standard values and simplified evaluation
method for the transmission of the value of ES are
relatively easy to determine, if the value of eco-
system services is independent of the respective
location. One example of this is the value of CO,
emissions and carbon sequestration. Both have
global effects that are independent of the source.
The problem in this case more likely involves the
correct estimation of the physical effects, which, for
example, in the case of the conversion of grassland
to farmland, depends on the scope and on the share
of organic matter in the soil. Standard restoration
costs for the species and habitat-protection func-
tions or services must be defined relatively inde-
pendently of the location, since the place of com-
pensation is almost always different from the place
of impact. For example, nutrient inputs such as
nitrates and phosphorus pollute not only the local
waters, but ultimately end up in the North or Baltic
Seas. Hence, for the nutrient decomposition and
fixing services too, uniform values make sense. The
same is true for soil erosion (» Sects. 5.3 and 6.6.2).
The long-term preservation of the safety of the food
supply is a global issue. Long-term shortages or sur-
pluses can therefore also be evaluated on a global
scale. The locally differentiating feature would then
be the respective agricultural suitability, including
soil fertility as an essential input factor.

Benefit transfer becomes more problematical if
the value of the service is highly site-dependent.
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B Table4.1 Compensation values for habitats in Germany, calculated analogously to the Habitat Equivalancy
Analysis method, taking into account average recovery costs and times (Schweppe-Kraft 2009)

Habitat type € per sqm Area ratio in % Total value in € million
Heath 41.83 0.22 34,790
Dry and nutrient-poor grassland 8.06 0.27 8037
Molinia meadows 18.51 0.04 2591
Dump floodplain meadows and tall herb communities 6.14 0.10 2315
Extensively used hay meadows 6.14 0.48 10,991
Fens and swamps 9.80 0.03 1088
Extensively used grassland 2.66 1.19 11,897
Extensively used arable land 0.49 1.26 2318
Extensively used vineyards 13.31 0.02 982
Orchard meadows 9.75 0.93 34,125
Extensively used fish ponds 48.93 0.01 1541
Hedges, shrubberies and copses 16.28 2.00 122,100
Natural and near-natural forests 18.44 1.96 135,430
Wood-pastures 20.64 0.09 6594
Low and medium forests 4.47 0.49 8172
Natural and semi-natural forest edges 22.79 0.01 786
Natural and semi-natural forest borders 2.82 0.00 22
Raised bog, natural and near-natural 195.46 0.18 131,914
Transitional bogs and degraded raised bogs 127.42 0.21 100,023
Near-natural standing waters and streams 48.93 0.66 120,698
Total - 9.48 736,416

B Table4.2 Economic effects of protected area tourism. (Job et al. 2005, 2009)

Berchtesgaden National Park (2002) Altmiihltal Nature Park (2005)

Number of visitors 114,100 910,000
Average daily expenditure per capita €44.27 €22.80
Gross sales € 51 million €20.7 million
Income 1st and 2nd sales stages € 4.4 million €10.3 million
Employment equivalent 206 people 483 people

Examples are the recreational performance of land- it is located near a metropolitan area, within a fa-
scapes and the prevention of flood damage. A com-  miliar tourist area, or in a sparsely populated rural
parably attractive landscape will provide very dif- area. The value of the water-retention capacity of
ferent recreational services, depending on whether  forests or floodplains is critically dependent on how
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extensively and densely populated the flood-prone
areas in the drainage portion of the respective wa-
tershed are (» Sect.3.3).

In assessing the capacity of ecosystems to con-
serve biodiversity using contingent valuation, the
question of transferability depends, among other
things, on whether the the biodiversity target or
programme assessed was local or regional/national
in scope (see above).

42.4 Conclusion

Economic valuation should be viewed as one de-
cision-supporting method among others. Its main
focus of application should be in cases in which
the issue is to balance environmental assets and
aspects of long-term sustainability, e.g. recreation,
biodiversity protection, quality of the residential
environment, the self-cleaning capacity of the wa-
terways or soil fertility, against short-term income
prospects. It can be used both in decision-making
with regard to projects and programmes with nega-
tive effects on ES, and for such issues as the amount
of money one should invest for the restoration and
maintenance of ES.

Some methods of economic valuation are not
particularly controversial; for example, there is
little doubt that it is useful to have a monetary es-
timate of the damage costs available when imple-
menting measures that affect the risk of flooding.
Nor should there be any fundamental objection
against the comparison of costs for reducing the
nutrient inputs in agricultural operations into the
water, with equivalent measures to increase the self-
purification capacity of water bodies.

However, other methods-particularly the
stated-preference methods-are indeed controver-
sial. Can we really assume that the statements made
by respondents with regard to their willingness-to-
pay for maintaining public assets actually reflect
their real preferences? How should questions be
formulated, and which assets should one ask about,
so that the results will be useful in real standard
decision-making situations? There is certainly still
a great deal of research that needs to be done. Ac-
cording to the existing results, the willingness-to-
pay for environmental public goods is usually much
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higher than what citizens would have to pay in the
form of lost income for the maintenance or the pro-
vision of these goods.

To date, we are still a long way from having eas-
ily applicable valuation approaches for all ES. The
criticism that economic valuations address only
some aspects of problems therefore often has less
to do with the concept of economic valuation. The
underlying concept of ‘total economic value’ (TEV)
is based on the preferences of the individual-which
is certainly not the worst premise in a democra-
cy-but within that limitation, it sees a very broad
range of needs, desires, and motives with respect
to the protection and utilisation of nature, which
may well also have an altruistic or ecocentric base.
If only some of the relevant aspects are to be as-
sessed, as is often the case, this is more likely due to
the lack of opportunity, or the necessary resources,
to fully ascertain all the effects of the alternatives
to be evaluated and assessed. Scientific/ecological
impact assessment is often more problematic than
economic valuation, as the case of flood protection
shows.

In the development of transferable standard
assessments or assessment procedures, we are still
at the beginning of the development. On the one
hand, more primary studies are needed in many
areas on which reliable benefit transfer methods
could be developed-the travel-cost analysis, which
ascertains the quality of areas, has hardly been used
at all in Germany; on the other, the development of
standards with which those primary studies can be
checked for validity is necessary.

Economic valuation is an ‘art’ that requires a
high level of knowledge in the environmental and
economic area. Not every economic valuation
meets scientific standards. For the uninitiated, this
is rarely visible, which can lead to an impression
of arbitrariness. De Groot et al. (2002) pointed
out that depending on the methods and spatial
characteristics in each case, the monetary results of
the evaluation of individual ES will vary widely (cf.
also above, for the evaluation of agricultural supply
capacity). Scientific minimum standards for evalu-
ations could prevent apparent arbitrariness and
thus facilitate the acceptance of economic evalua-
tions—especially among those who are not support-
ers of the interests of the environment and nature.
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One of these standards would be the require-
ment for a generally comprehensible, nontechnical
summary, in which not only the total economic
value and/or the overall cost-benefit ratio, but also
the respective partial values including the explana-
tion of the methods used and their key assumptions
would be documented.

Opverall, the ES studies which are now extant in
large numbers, and which compare the costs and
the benefits of measures for the protection of na-
ture and biodiversity, have shown that the useful-
ness of such measures often significantly exceeds
the associated costs. Hence, more conservation and
safeguarding of ES lead to an overall gain in welfare.

A critical practice of economic valuation which
discloses its assumptions and methods could help
business and society find a more sustainable way to
manage nature, ecosystem services and biodiversity.

43 Scenario-Development and

Participative Methods

R.-U. Syrbe, M. Rosenberg, ]. Vowinckel

43.1 Basics and Fields of Application

Our ecosystems underlie accelerating transitions
(Bernhardt and Jager 1985; Antrop 2005). Some of
the reasons are the increased utilisation of renew-
able energies, globalisation, demographic change
and the irresistible urban sprawl. Using scenarios,
we can analyse the consequences of these changes
for ecosystem services and determine how people
are able to intervene in terms of control (Carpenter
et al. 2006).

The development of scenarios is only one ap-
proach to investigate future trends. Other examples
of methods of foresight research are Delphi stud-
ies (Dorr 2005), prognoses (Jessel 2000), forward
projections (Bork and Miiller 2002), the analysis of
planning documents, and landscape experiments
(Oppermann 2008). However, the discussion of
scenarios is deemed to be the key method for ar-
gument about sustainability (Walz et al. 2007). It
allows a comprehensive examination of the tempo-
ral, spatial, and dimensional aspects of ecosystem
services (» Sect. 3.3.) since particularly the evalua-

tion of intergenerational justice requires a reason-
able view into the future and studies about long
periods. Last but not least, the scenario method is
a bridging framework for interdisciplinary collabo-
ration on the field of social-environmental research
(Santelmann et al. 2004).

Scenarios may be used ‘to explore plausible fu-
tures for ecosystems and human well-being based
on different assumptions about driving forces
of change and their possible interactions’ (MEA
2005b). A simple definition is ‘scenarios are hypo-
thetical sequences of events, constructed for the
purpose of focusing attention on causal processes
and decision-points’ (Rotmans et al. 2000). The
aim of a scenario is, therefore, to identify and to
compare possible options of action. Instead of only
following a single future trend, a tree of possibilities
can be explored (Oppermann 2008) enabling to as-
sess the desired and manageable ones among them.

Due to their decision-preparing function, sce-
narios are part of an action framework and, there-
fore, suitable tools:

To draft capabilities in order to prepare for

coming occurrences

To estimate the risk potential of strategies in

order to demand for action

To draft options for action and to compare

them in order to choose the most feasible

To describe the effects of individual measures

to other fields of action in order to evaluate the

suitability of that measures in a broader area of
consideration

Depending on the application purpose, the elabo-
ration of scenarios can be done by experts alone
(analytically) or by participation together with ac-
tors from policy, economy, NGOs, and the public.
The following description of the methodical frame-
work is restricted to the analytical version. Selected
participative procedures are presented in a case
study below. Both versions can be applied in two
forms of expression: Either scenarios are narrated
in so-called storylines (Rotmans et al. 2000) using
mainly qualitative statements, or quantitative sce-
narios are calculated depending above all on model
simulations. Analytical scenarios are often quanti-
tative, whereby participative approaches have got
predominantly a qualitative character. There is
also a difference between projective and normative
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Well-Known Scenarios About Environmental Issues

Environmental issues were often
central for scenarios with both
quantitative and qualitative ap-
proaches according to the over-
views given by Alcamo (2008) and
Albert (2009). The first quantitative
scenarios used hydrological mod-
els (Aurada 1979). A more recent
prominent example is the so-called
World Water Vision (Gallopin and
Rijsberman 2000). The study of Wolf
and Appel-Kummer (2005), funded
by the German Federal Agency for
Nature Protection, addressed con-
sequences of demographic change
to nature protection. Several
analyses dealt with the impacts of
land-use change within rural areas

(Dunlop et al. 2002; Nassauer et al.
2002; Haberl et al. 2004; Bastian et
al. 2006; Bolliger et al. 2007; Lutz et
al. 2007; Tappeiner 2007; Totzer et
al. 2007). But also shoreline and sea
issues were central for scenarios,
such as the North Sea (Burkhard
and Diembeck 2006) or the Great
Barrier Reef near Australia (Bohnet
et al. 2008).

An increasing number of recent
publications evaluate environmen-
tal scenarios using landscape func-
tions or ecosystem services such as
Dunlop et al. (2002), Nassauer et al.
(2002), Fidalgo and Pinto (2005), and
Seppelt and Holzkdamper (2007). The
Fourth Assessment Report (Pachauri
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and Reisinger 2008) of the Intergov-
ernmental Panel on Climate Change
(IPCC) addresses the effects of cli-
mate and socio-economic changes
to a large number of ecosystem ser-
vices at the global level. Examples
of integrated man-environmental
research through scenarios are the
Millennium Ecosystem Assessment
(MEA 2005b), which includes fore-
sight and backsight analyses of 50
years, and the Global Environment
Outlooks of UNEP, of which the
fourth generation is available (UNEP
2007) and the fifth one is under revi-
sion (UNEP 2011).

scenarios. The former searches for the implications
of assumed trends and the latter starts with (de-
sired) future goals and explores how to act in order
to meet them (Nassauer and Curry 2004).

43.2 Framework of Scenario
Development

The methodical framework presented below is par-
ticularly designed for scenarios of landscape devel-
opment that should be evaluated by ecosystem ser-
vices. The framework was tested on the county of
Gorlitz within the Landscape Saxony 2050 research
project (funded by the Saxon Department of Sci-
ence and Arts). The scenario methodology consists
on a combination of approved single procedures
and fits them to the problems of landscape devel-
opment. The methodical basis includes the works
of Reibnitz (1991), Gausemeier et al. (2009) from
business science and Alcamo (2008) from environ-
mental science.

The framework uses an explorative forecast ap-
proach. This approach is open-ended, i.e. there is no
direction and range of developments set from the
beginning. Quantitative and qualitative approaches
can dominate or be combined. The framework con-
sists maximum of seven steps. Depending on the
main question and application task, not all steps

have to be run-through completely. @ Figure. 4.10
gives an overview of this method.

Step 1 comprises, first, the organisational prepa-
ration of scenario process, second, the formulation
of a principal question and, third if necessary, a
specification by core topics. The principal question
defines the overall objectives. A time horizon and
the delineation of the study area belong to that. If
the principal question is rather complex, the object
of investigation should be confined by core topics.
Regarding the case study, the time horizon (2050)
and the study area (Goérlitz County) were fixed, but
the principal question was defined rather broadly
as ‘How will the ecosystem services be altered due
to future landscape change?’ Therefore, the princi-
pal question had to be specified using the two core
topics ‘biodiversity’ and ‘renewable energy’ that
were treated separately. Both topics were very im-
portant in political and social debates.

Step 2 consists of the selection of driving forces
and ecosystem services that should be considered.
That is, the scenario expert team has to select which
drivers are interesting to the principal question in
respect to the core topic and the impacts they have
on the ecosystem services (ES). Therefore, the selec-
tion of drivers and ES has to be done simultaneously
since both depend on each other. A good selection
and precise definition of driving forces is crucial
for the whole scenario development because if the
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selection is to broad it hampers the communicabil-
ity of scenarios. If the drivers are too imprecise and
cannot be described by clear indicators, they will
complicate the discussion as well as the quantitative
processing. One bad example would be choosing
‘energy and mining’ as a driving force since sev-
eral directions of development could be implied.
On closer consideration, hundreds of driving forces
can be identified. But only a small number (<10)
must be considered and each of them should be
describable by a single measure and a known actual
value. For this, thorough investigations are neces-
sary, which will also be useful later on.

Step 3 defines the logical scenario structure. The
main purpose of scenario development is to draft
different future visions. To do so, the drivers that
are to be variable within the scenario process need
to be chosen. A differentiation can be achieved
connecting the variable drivers with diverse trends.
Of course, this differentiation is only possible for
a small number of drivers. Empirically it does
not make sense to use and vary more than three
key drivers concerning the amount of work and
the straightforwardness of the whole process. The
other drivers are defined to be unvaried between
several trajectories. The unvaried drivers are called
framework conditions and must be described as ac-

curately as possible using also external prognoses
or expertises. On the contrary, the variable drivers
open up the possibility space of scenarios and, thus,
are called key drivers.

Step 4 implements the abovementioned logical
scenario structure. Therefore, an overview of the
current situation is needed. An initial ES assessment
should be made using the middle pillar of the EPPS
framework (» Sect.3.1.2) unless it already exists. The
key drivers have to be connected through a small
number (commonly two by four) of trends concern-
ing their future development as it is interesting for
the principal question and also relevant for alter-
ing the ES under consideration. The trends may not
only be linear but can also be defined accelerating,
retarding or erratic. The description does not need
to be exact, but rather generic. An established way of
description is using pictograms for the several trend
types (8 Fig. 4.11). Not all trend combinations can
be combined because contradictions are possible.
An appropriate number of plausible combinations
(so-called bundles) must be selected. These bundles
guide the initial ways to develop and describe sce-
narios in detail, which will be done in step 5.

Step 5 contains the wording and specification
of scenarios. The selected bundles enable to deri-
vate several future trajectories. They receive short
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names characterising the assumable end points
in future, the so-called archetypes. For instance,
the archetypes of Landscape Saxony 2050 scenar-
ios read ‘Business as usual (BAU), ‘Greening’ and
‘Techno + Energy’ @ Fig. 4.12. The core result of this
step is a storyline that describes the future situa-

tion (sometimes also the steps towards it) and that
give reasons for the most important conclusions. To
achieve this goal, the interdependencies between all
drivers (variable and framework conditions) have
to be analyzed. The so-called cross-impact analysis
can be treated with the help of a matrix to ensure
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Nonlinear Phenomena of Scenario Development

There are some known nonlinear
but nevertheless typical phenom-
ena in connection to scenario
method: First, particular situations
may lead to a strong determination
of a previously open development.
The so-called lock-in-phenomena

arise e.g. from exhausting resources
or decision of a competition. Some-
times one option among compet-
ing technologies can win and out-
live all the others. Second, a seldom
but powerful incident could change
all options of development. These

so-called ‘wild cards’ should be
discussed separately from the main
round because many participants
are not frank enough to accept
them, even though their treatment
may be important for taking pre-
cautions for the future.

that all possible two-dimensional effects are consid-
ered. Simulation models, balances, and other quan-
titative methods resulting in tables and numerical
values are frequently used in expert scenarios to
figure out multidimensional interdependencies.
The participative scenario framework prefers stake-
holder discussions to work out qualitative results.
Admittedly, these results are not quantitatively rep-
resentable but often more complex. A proven tool
to facilitate the discussion is scenario mapping. To
draw items into a map gives an overview of spatial
dependencies and helps to figure out possible envi-
ronmental conflicts as well as the points of interest
for the actors. These maps are an essential basis for
a subsequent evaluation (step 6) and instructive ab-
stracts of scenario outcome.

Step 6 is the evaluation part of scenario out-
come. Storylines, tables and maps underlie a com-
paring evaluation to give answers to the principal
question and to ensure the scenario process qual-
ity. The evaluation can be spatial or nonspatial
depending on how the scenarios are mapped. The
evaluation of scenario outcome regarding ecosys-
tem services does not need to be restricted to sin-
gular values. Rather, the future cross-impacts of
the services, their so-called trade-offs (» Sect.3.1.2)
as well as synergies should also be unfolded. Risks
and suitability areas should be delineated and com-
pared. The main purpose of this step is to draw
conclusions from scenario results for management
options and possible future strategies. The aim is
not only to figure out the best storyline but also the
best measures that will accomplish this. It is possi-
ble that a repetition from step 4 onward is necessary
to specify them anew and to rethink the scenarios
therewith.

Step 7 comprises all measures of scenarios’
communication and participation with the con-

cerned actors (or customers). The participation
tools are specified in the next section (» Sect. 4.3.3).
Although it is placed as the last step, participation
shall start with the beginning of a scenario develop-
ment and pervade throughout the whole process.
This way, the methodology can have some loops be-
tween mainly expert-oriented steps and steps with
more participation. At the interface between both
modes of work, data must be translated into easily
comprehensible presentations, and meanings have
to be quantified the other way around. Lastly, the
scenario results have to be published at the end of
the process to enhance public awareness and (hope-
fully!) application.

43.3 Participation and the Case
Study Gorlitz

‘Participation’ is the cooperation of actors, stake-
holders or interested individuals within a scenario
development or during an assessment; the concern-
ing method is called participative. The main reason
for the inclusion of decision makers by participa-
tive methods within an assessment or a scenario
development is the social appreciation of the re-
sults. Another good reason for participation is that
assessments are most helpful if the users take part
in it (Carpenter et al. 2006). Additionally, participa-
tive scenario workshops reveal educational effects
for the participants (Alcamo 2008). Therefore, it is
recommendable to involve young people, particu-
larly if long-term scenarios are being developed.
The cooperation with participants that are lay
people within methodically sophisticated methods
is challenging regarding the quality of communica-
tion. Experts must be able to interest people and en-
gage them to get involved in the cause. The crucial
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problem is to ensure a comprehensible flow of in-
formation from scientific knowledge to messages in
normal language and vice versa. Therefore, a pool
of hints shall be proposed, which may be extended
in several ways.

Types of Participation for Development

of Scenarios or Ecosystem Services

Assessment

= Workshops (with group work, presenta-
tions and perhaps stage discussion)

== Small group participation events such as
world café or focus group interview

== Personal interviews (survey with prepared
questions or thematic guideline)

== Public surveys (oral, by letter or on the web)

== Stalls at exhibitions, fairs or congresses

== Excursions (empirically with high motiva-
tional effect)

= Culturale events (cinema show, theatre
and suchlike) with following discussion

== Teaching units in schools, other educa-
tional institutions, or outdoor

= |nternet forum, blog, etc.

The participative work on scenarios, mainly using a
workshop, is called a scenario exercise. It is the me-
thodical core of the whole scenario development.
The most important steps of » Sect. 4.3.2. have to
be handled therein. The scenario exercise should
be combined with the working steps that are ex-
ecuted only among experts as well as with alterna-
tive forms of participation (» Box ‘Types of Partici-
pation’), in order to minimise time exposure for the
participants, to activate them without boring them,
and to ensure a high degree of involvement also for
those who are not keen on debates.

Elements of a Scenario Exercise

= |nvitation of genuinely interested partici-
pants

== |ntroduction: explanation of aims and
methodical steps

== Mind opener to stimulate creativity (e.g.
quiz)

= Brain-storming to catch maverick ideas
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== Suggestion talk(s) by experts

== Ballot about alternative proposals (e.g. by
stick points)

= Plenar discussion for central decisions

== Working groups developing particular
scenarios

== Breaks with social events (e.g. dinner)

== Plenar presentation of working group’s
results with final discussion

== Protocol shipment of the final results to all
participants

The actual scenario exercise can consist of several
elements (» Box ‘Elements of a Scenario Exercise’).
All essential information including the time frame
must be communicated with the invitation before-
hand to avoid the worst case: unsatisfied participants
frequently discussing off-topic issues or query the
meaning of the exercise in general. The first impor-
tant topic on the schedule should be an introduc-
ing explanation of sense, aim, and background of
the exercise, eventually completed by a short lesson
on scenarios. Second, a so-called mind opener can
help to get the participants in the right mood to bear
creative ideas and to break away from their every-
day problems, as well as to prevent them from judg-
ing prematurely. Therefore, unexpected questions,
a quiz, or a flashback into the past can be recom-
mended. These elements can also be used later to
make the event less formal. The actual scenario dis-
cussion shall be done preferably in working groups.
Intermediate results have to be retained periodically
to ensure the progress of discussion. Spontaneous
ideas should be recorded neutrally at this point and
systematised only later. Because one-day workshops
can be very exhausting and will only be successful for
good teams, Ringland (1997) recommend two half-
day rounds instead, which can be separated by an in-
formal evening event. Graphical, textual, cinematic
and interactive media help to facilitate the discussion
if they are specially geared to the participants.

Some of frequently made mistakes should be
mentioned. A possible participants’ irritation due
to incomplete information has already been noted.
Additionally, frustration can arise from overload-
ed presentations, a boring schedule, or too slow
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progress in scenario elaboration. To avoid such
undesirable situations, breaks should be inserted
that can be used by the scenario experts to develop
intermediate results further and enrich them by
additional information (i.e. from simulation mod-
els) to get a faster progress and make the meeting
more interesting for the participants. The hope to
get quantitative data by a negotiation among actors
would be mostly disappointed: data requested from
participants remain often incomplete and vague;
therefore, they must be completed and sophisti-
cated by experts work. Often, a successful partici-
pation process needs more preparation time than
execution time (Walz et al. 2007).

Tips for Planning a Successful Scenario

Exercise

Timely invitation of participant

= |nformation about the venue, aims, dura-
tion, and fee as well as possible cost reim-
burse

== |nvitation shall be motivating, provoking,
exciting, or funny

= Homework (i.e. a questionnaire) can save a
working step and prepare for the topic

Introduction by the scenario team

== Aims and schedule of the whole project
and of the particular event

== |ntroduction should be short, but include
organisational information (breaks, meals,
etc)

= |ntroduction highlights the possibilities of
participation

Mind opener to activate creativity (possibilities)

== Enquiring wishes or nightmares for future

== Asking to draw an own desire scenario

== Provoking (i.e. through theses or artistic
illustrations)

= ‘Fairy question’:‘What do you want to ask a
time traveler from the future?’

Brain storm to obtain creative ideas before

people hear lectures

== Ballot about drivers or evaluation criteria

== Nomination of surprising incidents to be
regarded (‘wild cards’)

== Risks and problems for future

Key note lectures from scenario team and

external experts

== Participants get comparable information
as basis for discussion

== Sharing the most recent state of the art
about trends and drivers

== Current state of the study area

Group work to draw particular scenarios

== Avoid strong/weak division of working
groups to not confine the creativity of the
weak group

== Group division should consider the inter-
ests of members

== FEach group needs a moderator from the
scenario team

== Job description must be prepared for
groups and moderators

== FEach group elects a presenter at the begin-
ning

During two projects (‘Landscape Saxony 2050” and
‘LOBESTEIN’) in the East Saxon county Goérlitz,
Germany, additional experiences from scenario
workshops were collected and will be shared below
(» Box ‘Experiences from Gorlitz as Regional Exam-
ple’). The authors developed participative scenarios
about the increasing use of renewable energies and
the protection of biodiversity there.

4.4 Complex Analyses, Evaluation
and Modelling of ES
4.41 Background

K. Grunewald, G. Lupp

“To make simple things complicated, is daily rou-
tine, to make the complicate things simple, this
simply is creativity. (Charles Mingus)”

Nature, our environment, and society are complex
systems. Complexity means that, the reaction of
a system is not predictable as a whole even if we
know single reactions and interactions of its com-
ponents precisely. The characteristics of complex-
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Experiences from Gorlitz as Regional Example

In the beginning, a world café
event, where participants visited
several thematic tables to discuss
input variables (drivers, trends,
wishes, aims, standards, values) in
brief sequence, was organised.
The workshop preparation was
done by Internet surveys. Online
tools such as » http://kwiksurveys.
com/ are available that are easy
to design and able to provide
statistically edited results. Unfor-
tunately, a personal email address
of all participants must be known.
Preconditions to use this tool are
the participants’ accordance and
engagement. The tool worked well
among the internal and external
experts but not with the other
participants. Therefore, survey
forms (as PDF, per email of fax)

were sent out in order to involve

all interested actors. However, long
word/excel query catalogues could
not be used succesfully since they
were not returned on time and fully
completed except by the respective
expert team.

In the workshop, statements
from several experts were dis-
cussed and enriched by additional
thoughts. However, the self-in-
troduction round of participants
occasionally escalated to time-
consuming talks. Good experiences
were made with three questions
asking for one-sentence answers
from all participants in the begin-
ning (who are you, how do you feel
about the topic, what is your inten-
tion). The selection of trends, driv-
ers, and trajectories is not suitable
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for a full auditorium and should be
implemented in other ways (see
suggestions above). A good scope
was to deliver several proposals that
the actors could choose by partici-
pation in specific working groups

or table discussions. After a certain
period of difficult discussions, a
change through playful insertion
was appreciated. Group works with
about 5 participants each were most
efficient. Many participants were
skilled in handling maps and used
them to discuss allocation questions
intensively. Therefore, well-prepared
maps and drawing utensils were
valuable. The moderators must keep
in mind the time frame as well as
those participants who don’t im-
pose themselves in discussion and
activate them directly.

ity are numerous elements that interact with each
other and the reaction as a whole is unpredictable
(Riedel 2000). Examples for complex systems and
limitations for their predictions are, for instance,
weather forecasts, the prediction of market trends
at the stock exchange, but also the reactions of ES.
Disturbance of complex ecosystems might lead to
severe and irreversible new states (SRU 2007). Land
management can be considered a complex system.
Land use and forestry affect nature in many ways,
e.g. water cycling, soil fertility, biodiversity or re-
gional value adding (» Chap. 6).

Complex or Complicated?

An airplane is a complicated thing. It consists of
many different parts. However, it does not contain a
real secret. This means, difficult tasks can be solved
by knowledge.

A five-course meal is complex. You have to know
the different ingredients. But when you prepare the
different dishes, it does not necessarily means that
you are getting a delicious meal. Systems with many
different interactions not working on a simple ‘if-then’
principle are dynamic and multilayered and, thus, are
complex.

The aim of the ES concept is to cope with the chal-
lenge of interactions and complexity of ecosystems
and to describe impacts and consequences for hu-
man well-being. A comprehensive assessment of
ES demands enormous efforts and is only partial-
ly adequate to serve as a basis for politicians and
stakeholders to support decisions by involving all
different demands.

By breaking down, abstracting and weighting
complex issues are simplified. Therefore, just like in
a caricature, they are easier to understand through
simple and concise means. With simple means and a
few lines, significant and striking attributes of a per-
son or a situation can be drawn. Complex systems
can only be determined by observations of patterns.
They can be observed in the abiotic and biotic envi-
ronment or in society (e.g. different soil substrates,
routines, behaviour). ES patterns can be analysed
with a matrix of supply and demand for certain
land-use types (» Sect. 4.1) and within Contingent
Economic Assessments (Examples in » Sect. 4.2
and » Chap.6).

Visions and intentions like the concept of ‘sus-
tainability’ and the ‘ES-concept’ could be seen as a
tool to influence patterns and types of land uses. If
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new patterns occur in complex systems, a tipping
point has been crossed. One of the goals of research
on ES is to figure out tipping points and how they
are influenced by human activities. It is one of the
core challenges to determine the development of
those systems (scenarios, alternatives, » Sect. 4.3;
modelling, » Sect. 4.4.3) and forms a basis for regu-
lation and steering (policy, incentives, planning,
governance » Chap.5).

The ES concept is intended to support solving
and balancing complex problems with tools and
methods. It strives for integrated approaches by
analysing, assessing, and weighting ES based on
scientific methods by using all available informa-
tion while including human needs. The ES concept
requires weighting between quick and cheap assess-
ment procedures (e.g. rough estimations based on
‘rapid evaluation tools’) and more detailed, elabo-
rated, time demanding, as well as more expensive
examinations (intensive assessment of all different
ES aspects).

In the following section, a broad application of
the ES concept will be presented using a case study
on ‘impacts of an increased biomass production for
energy purposes. It shows how ES can be selected
and assessed, how different approaches for evalua-
tion ES can be used, and how regional stakeholder
can participate in these processes. Finally, the ES
model ‘InVest’ is presented demonstrating its use
and describing strengths and weaknesses of this
model.

4.42 Energy Crop Production-A
Complex Problem for Assessing ES

G. Lupp, O. Bastian, K. Grunewald

The increased production of biomass for energy
purposes is a prime example for the increased use of
ecosystems driven by strong political interest. The
European Commission has set mandatory targets
for all member states for the use of renewable ener-
gies. The share of renewables has to double between
2010 and 2020 according to this policy. Half of the re-
newables share is to be derived from biomass (Com-
mission of the European Communities 2007). With

respect to conflicts and minimising impacts, the EU
commission has developed a biomass action plan
and requested all member states to develop national
biomass action plans. The German biomass action
plan (BMELV/BMU 2009) emphasises climate pro-
tection, regional value adding, the strengthening of
rural and peripheral regions, and the protection of
biodiversity, soil fertility, waters as well as air quality
as the core goals for biomass production using an-
nual energy crops or woody biomass.

To achieve these goals and to minimising con-
flicts, stakeholders have to be included, and the ac-
ceptance for biomass has to be increased by inform-
ing and involving the lay public through adequate
communication and consultation (BMELV/BMU
2009). Although ES are not explicitly mentioned
in the document, ES have to be secured and en-
hanced in a sustainable way when energy crops or
woody biomass are cultivated. This document al-
ready indicates possible methodological steps and
approaches for assessing impacts of biomass pro-
duction on ES.

In order to improve ES and biodiversity pro-
tection in sustainlable land-use management
practices, we suggest the following steps (see also
@ Fig. 413 and Lupp et al. 2011):

First, relevant economic and ecological ele-
ments, especially ES, have to be selected. In the
case study food and feed production, provision of
energy derived from wood and energy crops, vari-
able cross margins for farms, biodiversity, carbon
fixation, pollination, provisioning of drinking wa-
ter, water discharge regulation, erosion control and
outdoor recreation opportunities were chosen.

In our work, we follow the ‘DPSIR-steps’ (Driv-
ing Forces, Pressures, State, Impact, Response) ac-
cording to the OECD (2003). This approach in-
volves a system-analysis view and describes a
methodological procedure for characterising the
impacts of socio-economic activities on the envi-
ronment and ways to reduce or halt these impacts
(BAFU/BES 2007).

In the first step, the Driving Forces of an in-
creased energy crop cultivation and timber ex-
traction are assessed by analysing energy policies,
regulations set by legal instruments and incentives
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B Fig.4.13 Schematic approach to assess and evaluate ES in different scenarios

as well as economic situations and climate condi-
tions. Based on these findings, land-use scenarios
are developed. By using scenarios, future land-use
patterns (State), their impacts (Impacts), and Pres-
sures on ES can be determined. Using this data,
necessary actions to maintain or improving the
provisioning of ES can be identified and possible
options for improved regulations (Responses) can
be developed (B Fig. 4.13).

To cope with the challenges and adaptation of
land management concepts, regional approaches
at the landscape level seem to be among the most
promising since influencing factors and the de-
mand for specific solutions may differ (Rode and
Kanning 2006). Case study regions to be selected
should provide heterogeneity. Although certain
factors might have global impact, different land-
scape units might react completely different.

To address dimension and different landscape
scales, different types of units should be assessed
reaching impacts on regional level down to individ-
ual land parcels. The latter is important for putting
objectives into practice by farmers and foresters
to carry out precise management actions to sup-
port certain species, e.g. to maintain deadwood in
forests for birds and insects or provide patches for
skylark (Alauda arvensis) in intensively managed
fields as nesting habitats.

Different energy crops and the way they are cul-
tivated lead to specific impacts on ES, some exam-
ples can be found in @ Table 4.3. But also different
natural conditions or landscape character might
influence impacts on ES.

In an integrated assessment, different ES can be
compared with each other. For example, so-called
spider-web diagrams can be a suitable instrument
to describe them (@ Fig. 4.14).
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e Current land use

Increased cultivation of corn for energy purposes

117 4

Cultivation of short rotation coppice

Biomass production for
energy purposes

Fodder for livestock

Profit for farmers

Raw materials for
industrial needs

Spiritual value of
landscapes

Provision of drinking

Carbon fixation

Prevention of soil
erosion

Water retention

water

Outdoor recreation
opportunities

Pollinating insects

Biodiversity

O Fig.4.14 Exemplary diagram of ES modification by energy crop cultivation

= Scenarios
Scenario analyses aim to determine impacts of bio-
mass production. Undesirable effects (Trade-offs,
disservices) should be eliminated or at least be mini-
mised. As demonstrated in » Sect. 4.3, scenarios are
suitable to evaluate the time and space aspect and
to compare and weight different resulting develop-
ments or different options for action. Scenarios also
provide many possibilities to involve stakeholders.

In the Moritzburg small-hilly landscape 10 km
north of Dresden, expert-based scenarios were cre-
ated describing impacts of different policies result-
ing in distinct laws and incentives like EU common
agricultural payments for farmers. These assump-
tions lead to scenarios allowing for impact assess-
ments for different possible developments. The
three scenarios are:

First scenario: Abandonment of livestock

Second scenario: Biomass production for en-

ergy purposes

Third scenario: Optimising ES from a nature

conservation point of view

All three scenarios lead to different land-use pat-
terns. In the ‘Biomass’ scenario, the share of corn
increases. High-nature-value grassland along riv-
ulets will be replaced by short-rotation coppice.
Land use will be intensified to compensate the loss
of agricultural land needed for biomass production.
The third scenario ‘optimising ES” will result in di-
versified land-use patterns.

= Biophysical Approaches

To assess the impacts of an increased cultivation of
energy crops on biodiversity and ES, expert-based
approaches of landscape planning can be used.
They are described in many methodological hand-
books e.g. in Bastian and Schreiber (1999). Usu-
ally, semiquantitative assessments of the landscape
functions, a subject of protection, a potential or
risks, or-speaking in terms of provisioning-ES are
carried out. Usually a five-step Lickert scale is used
stretching from ‘very good condition’ to ‘very bad
condition’ Items evaluated are e.g. erosion sensi-
tivity, scenic quality or biodiversity that might be
affected by large scale monocultures like rape or
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corn (@ Table 4.3). Often impacts on eye-catching
species like skylark or lapwing are analyzed. They
serve as umbrella species for certain types of habi-
tats or groups. Choosing them helps raising aware-
ness among different stakeholder groups and lay
persons for more conceptual approaches like bio-
diversity or ES.

= Monetary Approaches
Many ES can have economic values, e.g. a demand
for ES on markets exists or the provisioning or
maintenance has costs (Baumgirtner 2002), e.g.
forest growth simulators like SILVA 2.2 also inte-
grate economic evaluations (Pretzsch 2001). For
agriculture, econometric decision models exist and
also provide information on economic effects of dif-
ferent management objectives (Kéchele and Zander
1999). With these models, decisions of foresters and
farmers can be described and effects of legal or regu-
latory frameworks can be implemented (e.g. mix of
different tree species or crop rotation). The models
describe developments when managers would sole-
ly act in rational profit maximising terms.

Another option is to use opportunity costs
(» Sect. 4.1). They quantify losses, which derive
from maintaining low impact practices on fields in
favour of biodiversity. For example, it can be calcu-
lated how much money would be lost if a farmer
does not cultivate small patches in large-scale fields
to provide habitat for skylark (Briiggemann 2009).

= Demand-Based Approaches

One option to assess the demand for ES are sur-
veys among the population. For example, the au-
thor-conducted interviews at different locations
within the study area led to interesting results.
The provisioning of drinking water and habitat
for plants and animals is considered to be very
important for the interviewees, while providing
renewable energy from biomass is almost irrel-
evant.

= Transdisciplinarity and Participation

Transdisciplinary approaches are characterised by
close cooperation between researchers and practi-
tioners. The idea is to implement the work to solve
real-life problems (Miiller et al. 2000). Participa-
tion means active involvement of stakeholders and

other interest groups in decision-making (UBA
2000; Forster et al. 2001). Therefore, it is useful to
integrate key stakeholders in each research step, to
let them participate, and to involve them actively
in the project process. For example, it is possible to
involve them in the scenario work, e.g. by letting
them decide about key drivers (» Sect. 4.3). To mo-
bilise stakeholders from different institutions, ac-
tivating interviews can be conducted to see which
way the wind is blowing and to produce interest in
an active participation in workshops (L.L.S.T. 2011).
Our own results in the Upper Lusatian Land-
scape and the Ore Mountains showed that stake-
holders and land users often do not decide on
the basis of maximising profits, but also consider
non-monetary values like traditions, attitudes, and
even ethical values. They are often convinced that
providing different ES for society is very important,
even if they are unfamiliar with the concept of ES.

= Regulation of Energy Crop Cultivation

The cultivation of energy crops and woody bio-
mass is mainly regulated by market prizes, incen-
tives paid to farmers under the European Union
Common Agricultural Policy and direct or indirect
payments under the German renewable energy
act (EEG 2008). It is therefore necessary to assess
different steering instruments to see whether they
can regulate energy crop production effectively and
what impacts occur on ES.

It can be stated that only single ES are consid-
ered in laws and incentives in Germany, and they
not as a whole. Often, no Safe Minimum Standards
are defined. Laws often demand that ‘deterioration
has to be prevented’ or ‘good farming practices’
have to be used. However, ‘good farming practices’
are more a mere code of conduct rather than safe
minimum standards (Hafner 2010).

4.43 Application of Models of INVEST
to Assess Ecosystem Services

M. Holfeld, M. Rosenberg

Models are representations of reality. They might
be images, intellectual and linguistic constructs or
mathematical formulas. The modelling of ecosys-
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tem services initially provides an abstract repre-
sentation of ecosystems, of processes taking place
and of potential changes. This is already covered by
ecosystem models to a quite good extent. The chal-
lenge, however, is to incorporate the demand and
benefit into the models.

In this respect, the following model approaches
are currently of special relevance: Integrated Valu-
ation of Ecosystem Services and Tradeoffs (InVEST,
» www.naturalcapitalproject.org), Artificial Intel-
ligence for Ecosystem Services (ARIES, » www.
ariesonline.org), the BGS ecosystem services model
(» www.bgs.ac.uk) and Multi-scale Integrated Mod-
els of Ecosystem Services (MIMES, » www.uvm.
edu). All these approaches aim to simplify reality
so that the integrated relationships of ecosystem
services can be considered.

In this section, the open source modelling ap-
proach InVEST will be introduced and experiences
of its application for a case study will be discussed.
According to the developers, InVEST is suitable
to be used for an integrated assessment of ecosys-
tem services at a local, regional or global scale. It
has been used around the world in numerous lo-
cal and national projects and studies, as well as in
day-to-day decision-making processes (Daily et al.
2009; Nelson et al. 2009; Tallis and Polasky 2009;
Bhagabati et al. 2012). Examples of its application
include the Willamette Basin in Oregon, Oahu on
Hawaii, British Columbia, California, Puget Sound
in Washington State, the Eastern Arc Mountains of
Tanzania, the upper Yangtze River Basin in China,
Sumatra, the Amazon Basin and the Northern An-
des in South America as well as Ecuador and Co-
lombia. In the course of the realisation of the case
studies, the focus is set on the identification and
protection of important areas for biodiversity and
ecosystem services, as well as on the demonstration
of their relations.

Characterisation of the Model Approach
of InVEST

InVEST was developed as a scenario tool to sup-
port decision-making in environmental planning
processes. The basis of the evaluation of ecosystem
services is ecological characteristics and methods
of assessing economic values (Nelson et al. 2009;
Tallis and Polasky 2009). InVEST is usable in com-

4
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bination with ArcGIS (ESRI), which provides the
cartographic representation of the ecosystem ser-
vices evaluation. Meanwhile, a cooperation with
Idrisi is also under development (» www.clarklabs.
org/about/Clark-Labs-Receives-Grant-from-Moore-
Foundation.cfm).

The development and administration of the me-
ta-model is realised by the Natural Capital Project
with participation of several well-known American
research institutions, as well as by Nature Conser-
vancy and by the WWF (World Wildlife Fund) (Nat-
ural Capital Project 2012). Depending on the needs
and expertise of the user different models with
varying levels of complexity will be provided-from
the simple analysis of existing relationships using a
small amount of data up to a complex model, which
includes different scenarios and feedback on the
comprehensive analysis of ecosystem services (Nel-
son et al. 2008; Daily et al. 2009). However, current-
ly only simplified procedures are offered, so that the
models only require a small amount of input data.

Nevertheless, the open source model InVEST is
already taking into account significant aspects of a
two-dimensional modelling approach of ecosystem
services. These include the spatial mapping and lo-
calisation of services and welfare effects in GIS, an
integrated view of supply services, regulatory ser-
vices as well as sociocultural services (TEEB 2009;
Tallis et al. 2011). Furthermore, basic abiotic and
biotic environmental parameters are incorporated
into the assessment process. Thus, the quantifica-
tion of ecosystem services within the individual
models is not only based on the land use of the past,
present and future, but incorporates additional pa-
rameters when necessary.

Based on the 14 models currently included,
InVEST enables a biophysical and partly economic
evaluation of a selection of ecosystem services of
terrestrial as well as maritime systems. In @ Table 4.4
the seven terrestrial models for the description of
services and products of land and freshwater are
presented and assigned to corresponding classes of
ecosystem services.

In addition to the final results of the individual
models, partial results and intermediates are also
taken into account. However, those partial results
cannot be clearly assigned in every case to an eco-
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B Table 4.4 Terrestrial INVEST-models for assessment of ecosystem services (Tallis et al. 2011; date: May 2012)

InVEST-Modules

Biodiversity

Carbon storage
and sequestra-
tion

Reservoir
hydropower
production

Water purifica-
tion: nutrient
retention

Sediment reten-
tion

Managed timber
production

Crop pollination

Ecosystem Services

Habitat quality

Economic value of car-
bon sequestered

Economic benefit of hy-
dropower production

Economic benefit of
nutrient retention by
filtration

Avoiding costs of sedi-
mentation (for dredging
and water treatment)

Net present economic
value of timber produc-
tion

Potential value of the
pollinator supply for each
agricultural land use to
crop production

Indicators, partial results and intermediates » Sect. 3.2

- Habitat quality R
Relative level of habitat degradation
Relative habitat rarity

Amount of carbon stored

Difference of carbon stored in future and
current landscape

— Volume and biomass of forest management

Total water yield per sub-watershed V.12; R.5
Mean water supply yield volume per sub-
watershed

Total energy produced per watershed (in kWh)

— Total water yield per sub-watershed R.5;R.6
- Total amount of nutrient retained by each
sub-watershed (in kg)

Mean amount of nutrient retained

Total potential soil loss per sub-watershed R7
Mean sediment retained on each sub-
watershed

V.6;V.8

Volume and biomass of forest management

Potential likely abundance of a pollinator R.10
species nesting in the landscape, given the
availability of nesting sites there and of food

- Relative farm value of crop production on

each agricultural cell due to wild pollinators

V.6;V.8;R.2;R3

system service as presented in » Sect.3.2. An assign-
ment of models according to productive, regulatory
or sociocultural ecosystem services or welfare ef-
fects will not occur. Nevertheless, each individual
model and its background is explained briefly. A
categorisation according to the welfare effect is not
possible as some of the models do not describe a di-
rect performance, product, or process of ecosystem
services, but rather demonstrate risks—and, there-
fore, describe impacts on the functionality of an
area at a certain land use (e.g. sediment trapping).
The programme language of all models listed is
Python, which is also usable within ArcGIS. How-
ever, for calculations based on InVEST basically
no knowledge of Python programming is needed,
instead the usage of InVEST-models requires basic
to intermediate skills in handling ArcGIS (Tallis et
al. 2011). Furthermore, the computer system used

has to meet certain requirements. For example, the
regional and language settings need to be changed
to ‘English (USA)’ in the system panel. This ensures
that decimals are determined by a point, not a com-
ma (as with German settings). Otherwise, incor-
rect results or even system crashes can be caused as
the model scripts are unable to collect and process
commas of the input parameters. Furthermore,
a recent ArcGIS licence is required, while some
models even require the ArcInfo licence level. In
addition, installation and activation of the ArcGIS
Spatial Analyst extension is required. Moreover, the
model for the assessment of pollination as well as all
models for assessing the maritime system require
additional Python library extensions, such as Nu-
meric Python, Scientific Library for Python, Python
for Windows and Matplotlib as well as for ArcGIS
9.3, the Geospatial Data Abstraction Library.



Model InVEST

The scenario tool INVEST can be
downloaded from the website of
the Natural Capital Project (» www.
naturalcapitalproject.org). The
installation of the programme is
very user-friendly as an entire folder
structure with all scripts and train-
ing data will be unpacked-given
the appropriate installation file is
selected for downloading. New us-
ers of INVEST benefit from a struc-
tured data provision, as they can
open the programme and test the
models without a lot of prior skills
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or background knowledge. To apply
INVEST to your own research the in-
put data for each individual model
needs to be adjusted to the specific
study area according to the require-
ments for each model. Partly, some
of these data can be found in open
source databases of different state
agencies or individual studies. For
such data, the format needs to be
adjusted in analogy to the demo-
data. This includes compliance

with the original names of column
headers and with the conventions
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for objects according to the instruc-
tions of the user manual, also taking
into account general limitations of
data management in geoinformat-
ics. Furthermore, it needs to be
considered that the computation
time of the models depends on the
resolution of the raster data at the
beginning and at the end of the
modelling process. Thus, in order to
accelerate the calculation a lower
spatial resolution (grid cell size) is
recommended.

Continuous development of the individual
models of InVEST aims to lead to a steady improve-
ment in modelling. In this context, users need to
consider the increasing demands on hardware and
software. Currently, an ArcGIS 9.3 or 10 licence is
required, because specific calculation algorithms of
it are used in the models of InVEST.

Example of Use

While working on the project ‘Landscape Saxony
2050° (» www.ioer.de/index.php?id=812) at the
Leibniz Institute of Ecological Urban and Regional
Development almost all terrestrial and one mari-
time model of InVEST were selected and applied
to the study area—the district of Gorlitz in Eastern
Saxony, Germany. Those models include reser-
voir hydropower production, sediment retention,
aesthetic quality, biodiversity-habitat quality and
rarity, carbon storage and sequestration, managed
timber production and crop pollination. When
the simplest level of complexity in InVEST is
used, most of these models are based on a matrix
in which average performance parameters are as-
signed to the individual land use. The variables can
represent both absolute values like stored carbon
in tons per hectare, as well as relative values, with
the highest value usually being defined as 1, while
all other values are represented in their proportion
to that. Depending on the programming of the in-
dividual models calculations are taking place at dif-
ferent levels of complexity. These calculations begin

by adopting variables for land use as defined in the
matrices (i.e. as in the fixation of carbon), and end
with aggregated, buffered, overlaid calculations (as
in biodiversity) or with neighbourhood analysis (as
in aesthetics), where a decreasing influence is com-
puted based on land use. Results are either rela-
tive values between 0 and 1, absolute values with
indicators and/or economised assessments of the
provided ecosystem services in the form of raster
maps and tables.

In the following example, the biodiversity
model and its calculation has been selected out of
the mentioned InVEST models for assessments of
ecosystem services, and will be processed for the
district of Gorlitz. This particular model has been
chosen as it is characterised by high complexity, but
also because of its variety of possibilities to integrate
additional parameters in the calculation process,
and, furthermore, because of the key significance
of biodiversity as well as the possibility to represent
a comprehensive topic in a highly simplified form.

Using the model biodiversity, two assessments
can be carried out: habitat quality and the degree of
exposure of habitat rarity. The latter describes the
current decrease of the area of a habitat (in this case of
land use) within a certain space compared to an earli-
er time. However, the actual risk or the consequences
of habitat rarity are not determined or identified.

The selected area of investigation with an extent
of approximately 2106 km? is located in the border
area of Germany, the Republic of Poland and the
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B Fig.4.15 Land-use classes, habitat value and sensitivity of habitat types to each threat (screenshot of the example of

use of INVEST in the district of Gorlitz)

Czech Republic. The district has a wide variety of
habitats, which reach from lowlands to highlands.
Open brown coal mining and recultivation have
brought large-scale changes. Noteworthy are cul-
tural and historical particularities, such as folk ar-
chitecture (Umgebindehduser) and the culture of
the Sorbs, a Slavic ethnic group. Rare species such
as otters, cranes, eagles and more recently even
wolves, find suitable habitats here. In addition, the
region is both demographically and economically
affected by a strong change (» Sect. 4.3).

By selecting the chosen model from the tool-
box of InVEST, a dialogue box opens. There, the
input data and the folders for the results need to
be defined. Thus, the existing paths of the sample
data provided by InVEST need to be replaced with
actual data of the chosen study area. The input data
for the delineation of habitats are based on maps
of land use and land cover, for which the habitat
types and land use mapping (BTLNK) of the Free
State of Saxony from 1992 and 2005 are used. These
maps reflect a variety of land use classes. In order

to simplify the modelling, the classes are all com-
bined into one aggregated BTLNK mapping with 25
classes (BTLNK_25). Eventually, their contents are
provided in a grid with a resolution of 20 m.

In addition, a relative habitat value (Habitat)
for each land-use class needs to be defined with-
in a spreadsheet in relation to the other classes
(B Fig. 4.15). Those values range from 0 (unsuit-
able) to 1 (perfectly suitable as Habitat). In order to
define the habitat values for this case study, non-
species-specific information according to Bastian
and Schreiber (1999) are used. These are param-
eters that do not document habitat qualities of spe-
cific species or groups of species (species of open
land, forest or of aquatic and wetland sites), but
assign general assessments to individual habitat
types with regard to their importance for species
and area protection.

In addition to determining the general habitat
quality of each land-use, threats that may affect this
habitat quality are also determined such as high-
ways, federal roads, state roads, district roads and
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local roads as well as railway lines, which were ex-
tracted from the Digital Landscape Model (ATKIS
Base-DLM) on a scale of 1:25,000 for both years of
the investigation and converted into a raster for-
mat. The areal threats of additionally considered
urban and agricultural areas are based on the cov-
erage of BTLNK_25.

Thus, the dimension of degradation, which is
solely caused by the respective sensitivity of habitat
types to each threat, has been defined between 0
and 1 (B Fig. 4.15) based on an evaluation of the
influence of the mentioned threats on the habitat
quality of the identified land-use classes. The value
1 presents the highest impact, the value 0 no or im-
perceptible degradation. Thus, a land use that is not
displayed as Habitat (Habitat = 0) has no coefhicient
of degradation by threat.

Finally, the threats have been characterised
based on their relative importance or weight and
impact across space-range in kilometers and
whether the impact of the threat decreases linearly
or exponentially across space. A value of 1 is a linear
decline in impact and 0 an exponential decline. The
maximum range is based on the findings of Baier
(2000); the remaining parameters were defined by
the authors.

After completing and confirming the input
data, the calculation is started. In this process, the
individual steps are recorded in a separate process
window. Based on the information provided by the
habitat values of individual land-use classes from
@ Fig. 4.15, a reclassification of land-use maps is tak-
ing place (Hj as general habitat quality). Simultane-
ously, the area sizes of individual land-use classes in
the study area for the base year 1992 are compared
to 2005 (the degree of hazard habitat rarity). For
this application, the Eq. 4.1 is used.

4 (4.1)
J
N Jjbase year

R; represents the degree of change of the individual
land uses in the study area compared to the base
year, N; defines the area size of individual land
uses in the base year and the current year. Is
N 2N e yearr 0 Ry <0 and the result is R;=0,
otherwise there is a change in land use and R; is
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greater than 0. The output of the calculation results
in a grid, which values of R;are each projected onto
all present land-use areas (i.e. for the second point
of time). A partial result of this calculation step is
a map representing the area development of land-
use classes (a so-called exposure of change in use)
between a base year (here 1992) and a later point in
time (in this case study 2005).

Taking into account the sensitivities of each
present land use (B Fig. 4.15), the impact of each
grid cell on its surrounding grid cells is determined
within a second step by using the maximum range
and impact across space for each threat and each
grid cell. The individual effects of each threat on the
grid cells are then summed up, which may show the
impact of a threat on habitat quality. Considering
the weights of the individual threats (& Fig. 4.15) the
impacts of the threats on habitat quality are aggre-
gated. The result of the summed degradation (D,
as degradation of habitats) can be represented and
compared in a raster map for the respective refer-
ence year.

In the last step, according to Eq. 4.2, the spe-
cific habitat quality (sz) is calculated as an index
by merging the aggregated degradation D, (includ-
ing the half-saturation value k) with the reclassi-
fied land-use classes represented as habitat quality
values (H.). The half-saturation value is determined
as half of the highest grid cell degradation value in
the study area. The exponent z corresponds to the
value 2.5.

z

0..=H,|1 D5
SRR | I
D +k

(4.2)

As a first result of the modelling of the biodiversity
by InVEST, the risk level of the habitats (in this
case of the land-use classes) is presented in terms
of their area sizes. In the context of the case study
in the district of Gorlitz, it was found that between
1992 and 2005 in particular the following land-use
categories were affected by a strong reduction of
their extent in proportion to their respective to-
tal area in the base year: reforested areas, fallow
ground, mining areas as well as areas for transport
and infrastructure. In addition, a decrease of the
extent of meadows and pastures was discovered.
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Modelling of habitat
quality of different
landscape conditions
by using INnVEST

Legend
habitat quality*
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0
[ district of Gérlitz

* A large value represents a
high habitat quality.

Source: represented results based on
data of the Saxon State Office for
Environment, Agriculture and Geology
(BTLNK 1992 & 2005); own
calculation by using INVEST 2.0.
Content/Map: Holfeld, 2012.

)

Saxony

2005

Leibniz Institute of
Ecological Urban and
Regional Developmant

&

O Fig.4.16 Results of the assessment of INVEST model habitat quality in the diestrict of Gorlitz for 1992 (left) and 2005

(right)

Next, the aggregated degradation as impact of
threats is presented for the study area. Thus, the
highest negative influences are detected at the
border of urban areas and along main traffic in-
frastructure (highways and federal roads). The in-
termediate areas show no or hardly any perceptible
threats. The same is found for the urban areas of the
study area, which cannot be affected by any threat
as they have not been assigned to the habitat func-
tion in the model.

Based on the result of the degradation, and
taking into account the given habitat value of each
land use, the specific habitat quality of each grid cell
is mapped (8 Fig. 4.16). Thus, the highest habitat
values are found mainly in the wooded north com-
pared to the strongly agricultural influenced south
of the district.

The lowest habitat values are found in the large
urban areas as well as in a linear manner in the
settlements along the main roads. A comparison

between the base year 1992 and the year 2005 based
on bluegray-scale values in the map (8 Fig. 4.16, left
versus right) is hardly possible and also not possible
as they rely on different databases. In order to com-
pare the habitat quality of both points in time, the
sum over all grid cells of a year must be calculated.
The model completes this calculation automatically
and writes its result into a log file, in which all input
parameters are logged as well. Thus, the summed
quality for 5,304,420 grid cells in the base year 1992
is 2,857,030. The total value for 2005 is 2,884,710.
The habitat quality as an overall value for the dis-
trict of Gorlitz has improved slightly between the
two assessment years, although spatially differenti-
ated large-scale degradation in habitat quality is de-
termined, for example, due to changes in land use.
However, their scope has been fully compensated
by other sub-areas within the study area. Many
steps are similar to the approaches of conventional
landscape planning.
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Discussion

The results of the analysis of biodiversity with
InVEST offer a simplified representation of the real
habitat quality in the study area. Using the input
data of Bastian and Schreiber (1999) average habi-
tat values depending on the habitat type have been
used for the district of Gorlitz.

As an intermediate the degradation of habitats
(degree of threats of habitats) was calculated, which
show the downgrading of the habitat quality due to
selected infrastructural threats. Within the model-
ling, it is basically assumed that the impacts of indi-
vidual threats are adding up. In reality, however, their
effect might be significantly higher (Tallis et al. 2011).
Furthermore, it should be mentioned that the result
is only one example out of many concerning habitat
qualities, depending on the selection and consider-
ation of individual threats as well as the considered
habitats or species (Nelson et al. 2008, 2009).

Due to the manner of spatial location, the ex-
amination of habitat rarity seems hardly useful.
However, the consideration of the change in land
use within the biodiversity model is to be regarded
as absolutely reasonable. But for this, a simple tran-
sition matrix between the different land uses would
be sufficient. The current form of presentation is
to be considered as very critical. Land-use types,
which experience no absolute reduction or absolute
increase in areal extent for the entire study area, are
not assigned any degree of hazard. This includes
land uses that are subject to areal change in land
use in one part of the study area being fully com-
pensated in another part.

As shown by the example of the biodiversity
model, due to the low complexity of its individ-
ual models InVEST is easy to operate-as long as
the user has at least basic working knowledge of
geographic information systems. Through the re-
sults, some simplified relationships between land
use and biodiversity or ecosystem services can be
discovered (Polasky et al. 2008; Daily et al. 2009;
Nelson et al. 2009; Tallis and Polasky 2009). Here
the focus is more directed at the ecosystem services
considering supply and demand than on biophysi-
cal processes. According to the current state of de-
velopment of the models, an economic value can be
assigned to an individual basis for a produced unit
or for a specific process, which is used as a valuation
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basis for the study area. Thus, it is possible to evalu-
ate the ecosystem services appropriately despite
spatially separated locations for the demand and
the provision of a service. However, the demand
oriented approach is currently not available for all
models contained in InVEST. Likewise, it needs to
be considered if, for example, there is no water res-
ervoir (modul: hydropower production), no service
of energy can be provided.

The modelling with graded levels of complexity
based existing approaches for specific modelling of
landscape functions—such as SWAT or USLE (Tallis
and Polasky 2009), allows to define the choice of
the model complexity on the availability of data or
on the user group. While simple models contribute
to a better understanding of the relationships of the
ecosystem services, the more complex models are
intended to estimate the precisely measured ser-
vices. Along with the desired development of the
models, including further parameters, the demand
for providing better data as well as the operabil-
ity of InVEST increases (Tallis and Polasky 2009).
Therefore, the provision of data and data sources in
a central database would be desirable for different
study areas in order to minimise the research work.

Due to the relevance to ArcGIS, results can be
represented spatially in different scales (Daily et al.
2009). In order to do so it is crucial to have suf-
ficient specific and differentiated information as
input data for a certain study area. Furthermore,
it has to be noted that the size of the study area de-
pends on the considered ecosystem services (Tallis
and Polasky 2009). For example, water-based ser-
vices or pollination are of greater importance at
a local scale (» Sect. 3.3) while climate-regulating
processes require a global scale.

In addition to cartographic outcomes, results
can be exported in a tabular form. The present re-
sults, however, are not suitable for professional use,
such as in the development of detailed water and
landscape plans or environmental audits as many
functions and interactions are still negligible (Tallis
etal. 2011). Similarly, the balance of costs and bene-
fits of different models of InVEST is controversial
even among developers, and certain ecosystem
services, such as biodiversity (habitat quality), can-
not be represented economically. The monetisation
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is furthermore criticised, because its assessment
depends on spatial, temporal and sociocultural as-
pects that within InVEST cannot yet be considered
as differentiated as their findings (Tallis and Polasky
2009). In general, average parameters are used for
each evaluation of ecosystem services, which limit
the validity of the result depending on the aspect to
be researched and the scale of the study area.

With InVEST, the Natural Capital Project pro-
vides an evaluation process with great potential,
even though it currently still has certain modelling
weaknesses. One positive aspect is that InVEST is
offered as an open source model, although its al-
gorithms are sometimes highly complex. The open
approach also allows less-experienced program-
mers to understand the calculation steps. The open
development of the individual models ensures that
both experts and laymen may submit suggestions to
improve the modelling. At the same time, provid-
ing InVEST free of charge is supporting the rapid
spread and development. The disadvantage of the
continuous development of the models is that de-
velopers are always focussing on the latest versions
of ESRI ArcGIS in order to incorporate the latest
features from ArcGIS. Thus, increased system re-
quirements of hardware are needed, but also the
latest ArcGIS licences.

In conclusion, despite the identified criticism
and existing weaknesses, it can be summarised that
InVEST is a remarkable method to evaluate small as
well as large-scale ecosystem services and to compare
different regions, especially as the effort to define the
input data is still small and the use of the individual
models is relatively easy. However, the modelling
procedures and results always need to be examined
critically in order to avoid false conclusions.

Conclusion

Models provide exceptional opportunities to ana-
lyse and evaluate ecosystem services. With them,
the landscape change that has already taken place
as well as scenarios of future developments can be
subject of an assessment. Therefore, decision-mak-
ers as well as the affected population can identify
relationships and interactions of their action. Thus,
the knowledge and communication of ecosystem
services is strengthened. The various existing ap-
proaches to evaluate ecosystem services focus on

different questions of content, spatial and/or tem-
poral nature and still show significant deficits
(Nelson et al. 2009).

With InVEST, an instrument is currently be-
ing developed, which is close to achieving the ex-
isting requirements for an evaluation of ecosystem
services. In contrast to Burkhard et al. (2009) and
Koschke et al. (2012), who already allow a holistic
view of the ecosystem services within demarcated
areas, the InVEST approach is also observing other
biotic and abiotic parameters in addition to land
use. However, the integration of those parameters
is still at the beginning and needs further develop-
ment in order to allow differentiated analyses of the
ecosystem services (Nelson et al. 2009). Besides the
development of computational algorithms within
the models, well structured access to quantifiable
data needs to be build up as the data availabil-
ity is still quite limited. Simultaneously, methods
are required, which allow the often individually
evaluated ecosystem services to be compared and
weighed up against other and to communicate their
results (Holfeld et al. 2012).

45 Communicating ES

K. Anders

451 The Importance of

Communication

In recent years, an entire new fleld of research,
that of sustainability communication, has emerged
which investigates the possibilities of communi-
cation regarding environmental issues. It encom-
passes a broad gradient of the issues which have
been handled in various ways in various disciplines,
in terms of their theoretical foundations, method-
ological approaches, and practical areas of applica-
tion (Michelsen and Godemann 2005). In the pres-
ent chapter, we will be able to examine only a few
systemic decisions. The basic fact is that without
appropriate communication, ecological issues will
have no chance of validation in society. Only by way
of communication can the relevant information in
the social systems even be selected, informed and
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understood. Communication is therefore the key
process of societal autopoiesis for social systems,
i.e. it is through communication that they produce
and reproduce themselves (based on Luhmann,
this range of issues has e.g. been precisely circum-
scribed by Schack 2004).

However, how this process actually proceeds
can be influenced only to a limited degree (Zie-
mann 2005). The feasibility of communication is
widely overestimated; the definition of communi-
cation is often mechanically reduced to a more or
less complicated relationship between the broad-
casters in the receiver. The German phrase com-
monly used today, T'm communicating this or that;
erroneously even suggests the possibility of engag-
ing in communication with no counterpart. How-
ever, the difficulties involved in being in control of
the communications process do not imply that it
is fundamentally unshapeable. Rather, one’s own
role as a participant in that process can certainly
provide opportunities to put forward arguments,
positions and assessments. In order to identify free
spaces for the societal validation of ES for a num-
ber of very different fields of application-from ad-
vertising to discourse-i.e. if we are to assume that
communications, in spite of its internal dynamics,
is a shapeable process (Schack 2004), we will first
have to take a more detailed look at the intentions
connected with the term ‘ecosystem services.

452 ‘Ecosystem Services’as an
Umbrella Term for
Communicative Intent

The concept of ecosystem services is based on a
very large number of different properties of ecosys-
tems and landscapes. The initially very summary
systematics of supply, regulation and sociocultural
ES (» Sect. 3.2) does not follow any scientific-ana-
lytical or systematic—necessity; rather, it is designed
to ensure that asymmetric processes and perspec-
tives attained public recognition within the context
of a certain topicality. A similar strategy was used
several years earlier around the concept of bio-
logical diversity, in which genetic diversity, species
diversity and landscape diversity were brought to-
gether without the relationship between these vari-
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ous levels having been clearly defined. Wilson and
Piper (2010) characterised the ES use of language
‘as aroute to better understanding their importance
and also of improving their protection’

As a result, the term ‘services’ has been vari-
ously used, and the term broadly stretched. The
authors of the Millennium Ecosystem Assessment
admit as much: “The condition of each category is
evaluated in somewhat different ways, although in
general a full assessment of any service requires
consideration of stocks, flows and resilience of
the service’ (MEA 2005a, p. 29). While the term
in such areas as supply functions has generally re-
mained relatively closely oriented towards the usual
use of the language about a service (for people; the
implicit anthropomorphism is justified pragmati-
cally), cultural services must be located more in the
network of interrelationships between humankind,
nature and the landscape (MEA 2005a; Freese and
Anders 2010). Regulatory services, on the other
hand, involve first of all the self-organisational ca-
pacity of an ecosystem; the advantages for people
are thus indirect.

This leads to a difficulty of operationalisation:
various processes incorporated under ES are to be
found in particular landscapes and very different
qualities, which resulted a problem of evaluation
criteria. There are ES which can basically be pro-
vided in unlimited quantity (e.g. soil formation),
while others undoubtedly violate the principles of
sustainability, if their activation is not kept within
limits. Often, these services are rendered at the cost
of others (Trade-offs; Stallmann 2011; » Sect. 3.1.2),
resulting in requirements for a balancing of inter-
ests which have to date remained methodologically
unresolved as long as the concept of planning con-
texts is to be used. This series of imprecisions recalls
Luhmann’s assessment of ecological communica-
tions in the sciences (8 Fig. 4.17):

“The carelessness in the choice of words and the
lack of awareness of theory-related decisions of
great consequence are among the most notable
characteristics of this literature-as if care for the
environment could justify carelessness in the
speech concerning it. (Luhmann 2008, p. 8)"

Whether ecosystem services have indeed become
part of a discursive framework or pattern of inter-
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O Fig.4.177 At the meeting of the German section of the International Association for Landscape Ecology (IALE-D) in
2010 in Nurtingen, the artists Christiane Wartenberg and Robert Lenz presented a shelf with two kinds of honey. One set
of jars contained real bees’ honey, labeled with the exact information regarding the place of production and also regard-
ing the landscape development issues connected with it. Next to it was ‘artificial honey’-jars with drypoint etchings of the
most common terms in environmental research, from ‘acceptance’to ‘invasive art What was kept apart in this art exhibi-
tion-natural space, use, and scientific research-should also be separated more carefully in the debate over‘ecosystem

services! © Kenneth Anders

pretation, as described, e.g. by Brand and Jochum
(2000), in other words, whether for example the
expectation that aspects of the protection of nature
and resources might better be validated has indeed
been fulfilled, is a question that deserves closer ex-
amination.

The attractiveness of the concept within the
environmental sciences, the business and finan-
cial world and also among policy-makers, would
any case appear to be still on the increase, which
should, however, not be confused with greater vali-
dation for the processes thus described. It is cer-
tainly possible, that the term ‘ecosystem services’
will become established without this fact having
any consequences for society’s relationship with
the environment.

453 Government and the Market
Instead of Communications?

The term communications itself is not a factor in
the Millennium Ecosystem Assessment. Rather,
the scientific community sees itself as a communi-
cating actor in this context; its target system is the
policy-making establishment. While the executive
summary of the study for ‘decision-makers’ does
raise the issue of participation and transparency
as ‘ecosystem-services-related demands directed
towards policy-makers, this is framed merely in
terms of the requirements of administration, not
as the constituent element of societal communi-
cations (MEA 2005b). Even a theoretically rooted
concept of ‘the public’ is something which is not
to be found in the debate around ES. Once in a
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while, there are merely indications about the use
of publicly available information (Ruhl et al. 2007),
which do correspond to basic demands for trans-
parency in such areas as planning processes. The
reason for this systematic blindness may be found
in economic calculation: Unlike the ‘tragedy of the
commons, the tragedy of ecosystem services is seen
not as a problem of overconsumption, but rather of
underproduction (Ruhl et al. 2007).

As aresult, it would appear that the societal ap-
preciation for ES will become tangible only when
the market conditions for the same have been cre-
ated. Communication is thus not excluded; rather,
it is assumed that for ecological problems, the tool
is available: the successfully established, symboli-
cally generalised communications medium known
as ‘money. That is not the place to pass judgment
on the prospects for the success of this idea. How-
ever, the identification recognition of ecologi-
cal processes and services, and the emergence of
corresponding markets, can only be achieved
through communication, in other words, the me-
dium money cannot be transferred to ecological
plans and actions merely on the basis of an asser-
tion to that effect. The authors of the Millennium
Ecosystem Assessment evidently assume that it is
only necessary to convince policy-makers of the
plausibility of their arguments, in order to create
the necessary laws and regulations. Biischer and
Japp (2010) pointed out in this context “that in the
current public debates over problem solutions with
respect to the ‘ecological crisis, sociological argu-
ments play no role. The salvation of the world is, as
it were, to be carried out with no concept whatever
of ‘society”™

45.4 Communications Efforts as an
Approach to the Shaping of
Environmental Sciences

In order to be able to arrive at a statement in spite
of these yet uncertain questions, let us use the term
‘communications efforts’ in order to do justice to
the reasonable desire for the shaping of communi-
cations. ‘Communications efforts’ means the intent
to effectualise scientific knowledge with respect to
the significance of ecosystems for people outside
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the scientific system. Here, a changed self-con-
sciousness is palpable in environmental research,
where communications efforts have been massively
enhanced in recent years. Today, we often expect
that, given a general feeling of insecurity, environ-
mental scientists should not so much bring particu-
lar ascertainments into the discourse, but should
rather enter into an exchange with policy-makers
regarding the weighing of ecosystemic contexts,
and should assume a vanguard position in that
respect. In this context, the term ‘pro-active’ has
become fashionable.

An author such as Luhmann would doubt that
this new awareness is based on any realistic analysis
of the possibilities of the scientific community, for
‘... other functional systems must assume the task
of sorting out what is useful and what is useless’
(Luhmann 2008, p. 108). Precisely this step towards
action is usually taken only rarely (Bechmann and
Stehr 2004), which is in turn no coincidence, for re-
search after all, due to the construct of ‘consensual
knowledge’ (Bechmann and Stehr 2004, p. 30), is
always in danger of weakening its own position as
a systemic element by giving up its own medium,
according to which information is selected accord-
ing to the criterion of true/false. In other words,
the core business of the scientific community is the
question: Ts this statement true, or is it not true?’
Once one abandons the realm of this core busi-
ness, one is treading on slippery ground. In order
to survive in such a situation, scientists ultimately
have to assume two roles: one as communicators in
the sustainability discourse, and another as com-
municators within the scientific system. One good
example is the Stern Report, The Economics of Cli-
mate Change (Stern 2007), in which, especially with
regard to the effects of disturbed climate-regulatory
functions, a political agenda ranging from the trade
in emissions rights through a reduction in defor-
estation to targeted climate adaptation has been
developed from out of the scientific community, in
spite of a high degree of uncertainty.

Kuckartz and Schack (2002) pointed out that
the goal of environmental communication encom-
passes a broad range of gradients which is not suffi-
ciently reflected: the attempt to achieve acceptance
for laws or to promote ecological products, in-
volves very different consequences than the desired
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changes in behaviour, or even the claim to enable
people to orient themselves amongst the complex
issues of ecological action. In one case, public rela-
tions and advertising predominate; in the second,
by contrast, education. This diversity also applies
to communications regarding ES. In the following,
we will therefore discuss several more or less estab-
lished forms of scientific or planning related com-
munications efforts with regard to their suitability
to generate societal responses for certain ES.

= The Classical Transfer of Knowledge

The transfer of knowledge should build an elemen-
tary bridge between the scientific community and
other systems by ‘publishing’-literally: ‘making
public’-the results of research. In other words, a
communication is to be made available beyond
the bounds of professional circles. In this area too,
the efforts of environmental research and planning
have been greatly enhanced in recent years. The
goal of eliminating knowledge gaps (e.g. Schmidt
et al. 2010) is appropriate, since the preparation and
accessibility of sufficient information ultimately
permits communication-even if such activity is
in and of itself not communication. It is for pre-
cisely this reason that totalitarian systems denied
the release of information, since they will be unable
to control the results in the public communicative
sphere. Beyond the concept of public participation
in planning (Schmidt et al. 2010), it is according
to the participatory intent of the authors necessary
to ascertain that public opinion comes into being
in the first place only through communication,
and that this is precisely what the task of planning
processes consist of. Communication efforts are
realised through the fact of the accessibility of in-
formation; hence, it is demonstrated that certain
functions of ecosystems are indispensable for hu-
man beings, or that the loss of the same would affect
the general interest. Here, environmental scientists
can certainly assume an active role without depart-
ing from their home turf. This includes the descrip-
tion of ecosystemic contexts such as soil formation,
water retention or important nutrient chains (i.e.
regulatory services), and also knowledge on land
and water use (supply services), or descriptions
of the wealth of interaction between people in the
landscape (sociocultural services).

In all these cases of knowledge transfer, what
is needed is not so much professional marketing
strategies and campaigns, as clear statements and
a generally comprehensible language based in pre-
cisely this kind of clarity. There are enough histori-
cal models for this, in which environmental sci-
entists convey information directly, and, for good
reason, do without any aggregated preparation of
the same by means of ‘communications profiles’
Knowledge transfer has traditionally been carried
out with a high level of quality under the Leitmo-
tiv of ‘welfare effects’ (e.g. Albert 1932; Hornsmann
1958; Altrogge 1986). The discontent around this
classical role of science is often described as disillu-
sionment regarding its societal effect. There are two
variants of this; while for example, Barkmann and
Schroder (2011) target the lack of the reception of
scientific knowledge in society, many other authors
assume that environmental knowledge is basically
sufficient, but that there is a lack of corresponding
behaviour resulting from it (e.g. Wehrspaun and
Schoembs 2002). Indeed, the attitude of classical
knowledge transfer does not ensure that the knowl-
edge provided will also be societally used. On the
other hand, the question is justified, in terms of the
concept explained at the outset: To what extent is it
even possible to force such an assurance?

®  The Transfer of Knowledge and
Transdisciplinary Contexts

Beyond the ‘classical’ domain of knowledge trans-
fer will-in the context of transdisciplinarity, i.e. with
regard to the methods used and even with regard to
the concrete research questions of a partially open
process—conceptual deficits once again dominate the
picture (a systematisation approach of Jenssen and
Anders 2010). While knowledge transfer is correctly
criticised with regard to obsolete models of the re-
lationship between the broadcaster and the receiver
(Karmanski et al. 2002), there is a lack of dialogic
work methods in most research processes in which
actors determinant for the landscape can weigh the
relevance of the research knowledge produced and
bring their own forms of knowledge-hence also
their relationship to various ES-into play. Under the
conditions of transdisciplinarity, knowledge trans-
fer thus becomes an active communication task, i.e.
scientists have to accept the existing heterogeneity
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Totholz
im Wald ist
Mist,
die reine
Parasitenzucht.

Naturnahe artenreiche
Wilder - wenn es die
nicht mehr gibt,
vergessen wir, wie

der Wald aussieht

und nehmen
Kiefernmonokulturen
auch als Wald hin.
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Der Kampf
um die Rohstoffe
hat begonnen.

Die
Kiefer
ist
der

madrkische Brotbaum.

B Fig.4.18 By means of just four positions on forest development, we can already gain a hint of the contradictions
one encounters with respect to ES, if one wishes to communicate about them. In the Schorfheide-Chorin Landscape
Workshop, held in the state of Brandenburg between 2006 and 2009 as part of the BMBF collaborative research project
Sustainable Development of Forest Landscapes in the North German Plain (NEWAL-NET), there were over 100 such posi-
tions. Much could be gained by bringing some order into this diversity in order to create space to help enunciate aspects

hitherto ignored © Kenneth Anders

of knowledge, and subject their own work to the
resulting validity conflicts (@ Fig. 4.18). For reasons
of quality, too, debates will become necessary, for
where representatives of various disciplines and ar-
eas of practice collide, it is difficult to manage the
professional standards introduced, so that valid
knowledge can only be selected by means of inten-
sive and critical discussion. With regard to ES, this
means that those contradictions are invisible which
emerge from the fact that landscapes are used, en-
joyed and protected simultaneously. Environmental
sciences can therefore not themselves per se assume
the role of the advocate of various ES. The appel-
lative stance of the Millennium Ecosystem Assess-
ment proves ineffective in the face of the reality of
such processes. Rather, environmental scientists
need to clearly defined their role in communications
processes, i.e. either withdraw to the relatively pas-
sive position of the ‘classical scientist’ (and add to
that the internal dynamics of communications), or
else subject themselves to the contradictions that in
fact emerged from the social, economic and ecolog-
ical dimensions of sustainability-in the landscape
and elsewhere. The latter occurs only rarely, and is
the result of an understanding that posits the knowl-

edge is only monopolised within the scientific com-
munities, and that nonscientific perspectives cannot
claim any knowledge-related status, but are only de-
scribed in terms of identity, habit, individual expe-
rience, interest or sensitivity. What then remains of
communication is understood as a means for gener-
ating acceptance of consensus (critically assessed by
Adomfent 2004), which again moves closer to the
mechanistic understanding described at the outset.

= Social Marketing and Considering Lifestyles
with Respect to Consumer Behaviour

One approach common in Germany for raising
societal awareness of sustainability issues is so-
cial marketing (e.g. Buba and Globisch 2009). The
methods developed here can also be used for vari-
ous ES. For example, their recognition for the area
of agriculture could occur by seeing not farmers,
but rather the consumers themselves, as the perpe-
trators of reduced biological and landscape diversi-
ty (AdomfBlent 2004)-at least as long as the farmers
lack any possibility of financing practices for the
preservation of forms of diversity on the market.
Diversity is thus seen as a product to be created,
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and no longer as an issue existing and endangered;
in that way, it can become an object of marketing.

Compared with social-scientific analyses of en-
vironmentally relevant consumer behaviours and
the societal complexity upon which they are based
(e.g. Brand et al. 2001), social marketing consti-
tutes a narrowing of the perspective, with the goal
of linking social-scientific research with business
concepts of customer acquisition in order to ulti-
mately effect behaviour change. This too is accom-
panied by a changed self-awareness on the part of
the scientific community-away from critical analy-
sis and towards ‘change management’ (Buba et al.
2009). First of all, social groups with certain value
patterns, consumer habits and some culturally de-
termined characteristics are identified, using a pro-
cess similar to that of ‘sinus-Milieus’ (everyday-life
worlds; cf. e.g. Theflenvitz 2009). Subsequently, the
identifications obtained are used to construct target
groups which are then to be won to the intended
goals by means of adapted media codes; in com-
mon parlance, one might say, ‘if you want to reach
people, you have to go to where they’re at’ This ap-
parently simple truth becomes a distortion if one
realises that communication is a process in which
all participants are moving, and no one is waiting
‘at’ anywhere.

From the point of departure of lifestyle research,
Lange (2005) described social marketing as a mod-
est, and hence realistic, horizon of expectations, by
means of which consumer behaviour could be in-
fluenced; a thorough examination of the range of
possibilities available to consumerism is provided
e.g. by Bilharz (2009). However, even Lange has
doubts about the expectation that such consump-
tion patterns could be permanently rooted by
means of the targeted influencing of lifestyles. For
lifestyles can neither be politically controlled, nor is
it possible to constructively use distinction effects,
e.g. for the role of eco-pioneers. Social distinction
is part of social dynamics, and therefore contributes
just as much to the erosion of cultural patterns as it
does to their formulation. The weak correlation of
lifestyle and action moreover points to the limited
possibilities in our society to even practice sustain-
able consumer habits at all, so that the ball is now in
the court of the structural-policy decision-makers.
Kuckartz and Schack (2002) have confirmed em-

pirically that the actors in environmental commu-
nication no longer even see changes in attitude and
consciousness as a task to be addressed. In view
of the various ES, this situation is becoming ever
more acute, since not all processes compiled under
its heading can be affected directly by individual
consumer behaviour. Moreover, since a major share
of our actions result not from lifestyle-related pat-
terns, but rather from overall societal ones, the
decision regarding the use of certain ES-especially
regulatory services—can under no circumstances be
left to the free market, but rather must be regulated
by law (Bilharz 2009). For example, soil protection
can vary obviously be better provided by legislation
than by a market for intact soils.

In this respect, social marketing, too, deserves
to be handled with greater care with respect to its
expected effects and to the suitable fields for its ap-
plication than is currently the case. The represen-
tatives of this school of thought emphasised that
in addition to a designing of social groups as the
object of marketing, they are expressly working to-
wards the self-determined assumption of respon-
sibility by these groups (Buba and Globisch 2009).
However, it is doubtful that the tautology of con-
ventional marketing can be broken by the awaken-
ing and satisfaction of needs, for the selected infor-
mation and its preparations already anticipate the
principles of power and validity established in the
respective lifestyle circles—precisely what we have
to thank for the lack of sustainability in the practice
of our lives. It is conceivable that representatives of
‘Lifestyle of Health and Sustainability’ (LoHaS), or a
‘consumer materialist’ might be motivated by social
marketing to make a certain decision with respect
to items of purchase; however, the expectation that
representatives of these target groups will as a result
change their attitudes simply because we have tried
to speak to them in their language, is misplaced,
since just that avoids calling into question the guid-
ing ideas and mythologies of the hitherto dominant
institutional practices (Brand 2005, p. 153). More-
over, the fact is that the actors participating in com-
munication ultimately are always open in terms of
their decision-making (Ziemann 2005), and also,
communication necessarily causes changes in one’s
own perception, as a result of which the scientists
involved themselves emerge from the process with
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modified perspectives. In other words: if one wants
to promote communication while at the same time
excluding its internal dynamics, we will fail to com-
municate.

= Campaigns

In this context, efforts to generate public validation
of ES by means of campaigns are conceivable. Here,
the conceptual lack of clarity of the term is initially
an obstacle. As Lisowski (2006) has demonstrated,
atleast in the European context, the linear sequence
of planning, strategy and campaigns as a way of
achieving democratic influence is rarely encoun-
tered; rather, campaigns develop ‘evolutionarily;
along existing financial and professional spaces.
Hence, certain aspects may be successful, while
others fade into the background. The precondition
is the existence of organisations, which represent
a certain interest for the public. Their practice is
also known in the area of environmental commu-
nications. Campaigns for the establishment of wil-
derness areas, for the preservation of endangered
species and habitats, for the protection of certain
landscape types, for food produced under condi-
tions respecting the ecosystems, etc. are an every-
day occurrence. They may affect decisions and help
promote societal developments, as in the Stand-By
Campaign (Schack 2004). Finally, Frankel (1998)
demonstrated a ‘greening of communications’ for
industrial advertising. However, it is precisely the
term ES that shows us clearly that while advertis-
ing refers effectively to the respective organisations
or companies that control certain landscape pro-
cesses, it hardly refers at all to the ecosystems them-
selves (cf. the WWF Tiger campaign, described in
Conta Gromberg 2006). In this respect, this form
of communication suffers from an authenticity
problem, since suspicion regarding motives always
arises (Japp 2010). Moreover, organisations with
conflicting purposes are free to promote their own
respective campaigns, in which ultimately different
environmental goals are pursued and addressed.
Since not all functions and processes in the uti-
lised landscape are per se mutually noncontradic-
tory, campaigns may certainly be a possible tool for
highlighting ES, but they are an unlikely tool for
use in planning processes—contradictions are not
considered campaign-capable.
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m  Education for Sustainable Development and
Education for Landscape Policy
The goal of education for sustainable development,
a transgenerational, self-organising debate, and
personal skills in addressing the issue of sustain-
ability, would appear to be close to the intent of
the concept of ES, and even to offer an adequate
solution to the above-described asymmetry of
subsumed functions: Placing concepts in relation-
ship with one another, permitting diversity of per-
spective, and acting responsibly constitute the key
points within which adapted and adequately con-
textualised accesses to this issue could be created.
What is meant here is not education for sustainable
development as an ‘advertisement for sustainabil-
ity’ (Siemer 2007), as a sub-function of social mar-
keting, or as self-praise for environmental policy,
but rather as communication. However, that would
require that the autopoietic process in education it-
self be promoted, in other words, that its results not
be prejudiced. Yet it is precisely this precept that is
violated by many works purporting to promote ‘ed-
ucation for sustainable development, instead, they
rely on old concept of environmental education,
albeit in new garb. For example, role-playing in
which children basically provide a ‘constructive so-
lution’ to a conflict have nothing to do with the pur-
pose of the concept as described here-to promote
open learning processes. The frequent restriction
of the approach to questions of consumerism, too,
ultimately does not result in a satisfactory proxim-
ity to the ecological aspects of the service involved.
Communication of ES through education for sus-
tainable development thus does not automatically
lead to success, but rather depends on the concrete
formulation of the programme. It may even cause
confusion and frustration, if the individual scopes
for action ultimately remain schematic which has,
in personal experience, often proven to be the case.
Such approaches suffer most from their own ab-
straction and lack of spatial rootedness, for action
always takes place in spaces of action upon which
the contents are to refer in their full complexity.
Scenarios which do not incorporate the logic of the
locality remain ineffective. World cafés, in which
the moderators stifle critical positions which stem
from spatial contexts, rather than seizing upon
them and using them, thereby miss their chances
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for success. It is not sufficient to sow a species-rich
meadow or to wet a low-lying area, even if these
are, beyond any doubt, good deeds. Rather, the re-
lationship to the landscape space and the relation-
ships existing within them is indispensable, even if
the resulting balance sheet may be depressing. The
logic of the school garden is useful; however, it does
not yet yield any understanding of the relationship
of tension between various ES.

De Haan and Kuckartz (1998) describe a ‘dis-
tance gap with respect to the perception of criti-
cal environmental situations which they interpret
from various perspectives-the role of the media,
interest in faraway places, or a globalised environ-
mental consciousness. According to this thesis, en-
vironmental impacts increase with distance, while
one’s own surroundings remain intact. This is in fact
often unwittingly reinforce by certain manners of
work in education for sustainable development, due
to a predominant focus on global contexts which af-
fect humankind as a whole (cf. the development of
the problem horizon in Rief 2010, or the main syn-
dromes of global change in de Haan and Harenberg
1999), and the corresponding environmental be-
haviour generally begins and ends in the perception
of consumer options. In order to make use of the
methods of education for sustainable development
for the communication of ES and make them fer-
tile in the participatory planning process, precisely
this principle needs to be reversed. Sustainability
conflicts are primarily to be found before one’s own
door. Such a paradigm shift would however require
a critical debate, a fearless scientific description of
this conflict and open questions. It seems that such
precepts tend to be an exception in the present en-
vironmental communications process.

One promising path in this concept is provid-
ed by the European Landscape Convention (ELC
2000), which Germany has never signed or rati-
fied, and which as a matter of course sees a spatial
connection in education on landscape policy (as
justified in a case example tested by Kulozik 2009).
This approach, oriented towards the peculiarity of
concrete landscapes and the changes taking place
within them also promotes development of the
topic of ES (» Sect. 3.4), since it:

1. Takes the particular landscape conditions of
various processes subsumed under the head-

ing of ES, i.e. a specific ecosystemic balance or
dis-balance, as its point of departure

2. Seeks a connection with the perception of
the landscape held by its own inhabitants; i.e.
based on the communication process, it quali-
fies, processes and develops further precisely
those potentials which have a prospect for
gaining a response from the communicative
counterpart

An orientation towards the simple and internally
logically structured agenda of the landscape con-
vention for communications regarding various ES
is to be recommended, even if the demands raised
herein have not yet been politically established.
Such and orientation can be easily prepared by
means of education about the landscape; it allows
for the integration of partners such as artists, land
users, conservationists, local politicians, etc., and it
is evidently-like all development of the landscape-
open-ended with regard to outcome. In the context
of concrete landscapes, there is no need for pro-
tection against cheap arguments, since the contra-
dictions and interdependencies of one’s own space
are considerably more easily recognisable than are
globally conveyed contexts: behind every practi-
cal action in the landscape is an actor with societal
conditions demanding a certain action. Michelsen
(2002) states in this regard ‘that the context of
knowledge acquisition is also a decision-making
factor about the relevance of knowledge for action’

Precisely this situation makes landscape an ideal
context for education. The fact that such approach-
es are nonetheless the exception in Germany is on
the one hand due to the lack of any correspond-
ing discursive framework-the term ‘landscape’ is
hardly present at all in the German discourse over
sustainability—and on the other, to the mistaken
idea that dealing with particular landscapes will
ultimately lead to a dissipation of forces, so that
the overarching whole-global change-risks getting
lost in the process. To this, one might respond that
skill in dealing with ES can only emerge in the car-
ing dealing with particular cases and, once it has
taken shape, will always grow beyond its original
dimensions.
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= Landscape Workshops-A Point of

Attachment for Local Discussions, Regional

Debates and Societal Discourses
As social beings, we have various social connec-
tions. We live in a family, share in the life of a village
community or an urban neighbourhood, belong to
a professional grouping, and are citizens of a coun-
try. In the communications regarding ecological
matters, the various levels, languages, logics and
issues emerging from this situation have not been
sufficiently considered to date. The oft-cited slogan
“Think globally-act locally; which was also used for
the Agenda 21 campaign, easily blurs the various
communications processes which, while occurring
parallel to one another, often occur without mutual
reference, and with each constructing its own en-
vironment.

For the inhabitants of a major city, rural space
is their nearby environment, while the inhabitants
of those rural areas tend to see it as their own space
which they themselves shape. Depending on the
circumstances, different sustainability issues may
use different symbolic places. Issues which have
become established in society as a whole by way of
the mass media may have been completely ignored
by village communities; on the other hand, soci-
etal discourses often screen off regionally specific
conditions. The limits to scientific communications
efforts resulting from this situation cannot here be
systematically developed, but it is certainly recom-
mended that the level at which an ES is to be vali-
dated be precisely identified.

A local conflict, e.g. regarding a rewetting proj-
ect, will have to use the scope of communications
existing in a certain place; the rhetoric of climate
change will seldom be of use here. On the other
hand, if an international agreement on climate pro-
tection is at issue, the situation is reversed. Con-
siderable problems may arise even at the point of
transition from the space of action at the level of a
cultural landscape to that of the purely local level. It
is possible, by means of landscape workshops (An-
ders and Fischer 2010), to attempt over a lengthy
period of time to continually link local, regional
and societal discourses, and to thus influence them
with regard to their perception of ES.

Since actors who can convincingly convey such
matters as topics from the mass media into a con-
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crete local space are few in number-generally, this
is only done successfully on a temporary basis by
the appearance of prominent political figures—over-
all societal contributions to the debate usually by-
pass the regions. In such cases, still there is a pos-
sibility of combining local aspects into perspectives
for action at the concrete level, and to thus inject
them into the debate. This approach is close to an
understanding of communications science as com-
municating science (Ivani$in 2006), which is ulti-
mately oriented towards the qualification of space-
related discourse.

Outlook

Let us here summarise the essential statements as

theses:
Communication is a precondition for the vali-
dation of ES; however, it can only be shaped to
a limited extent, i.e. the initiator of a commu-
nications process does not have sole control
over its outcome.
The term‘ecosystem services' brings together,
with communicative intent, various processes
of ecosystems and landscapes which have not
hitherto been satisfactorily linked, a fact which
has ultimately resulted in confusion in com-
munication.
The political sphere and the market cannot
replace communication; rather, they are them-
selves societal subsystems, differentiated by
communications. There are approaches in the
environmental sciences to use the media of
these systems, which requires considerable
change in the self-understanding of science,
but for which there has to date been no suffi-
cient justification.

The legitimate demand to nonetheless shape com-
munications has resulted in the formation of various
schools and approaches in the context of sustain-
ability communications:
Classical knowledge transfer is today often dis-
missed as ‘popular science! However, the means
available here permit a precise provision of
scientific results for extra-scientific communica-
tion, and should therefore continue to be used.
Transdisciplinary knowledge transfer is a worth-
while undertaking, but it does require that the
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environmental sciences abandon, for the sake
of communication, their claim to a monopoly
over the concept of knowledge. Without de-
bates, transdisciplinary processes will moreover
suffer from a loss of quality due to the erosion
of professional standards.

Social-marketing and target-group-specific com-
munications strategies should be critically exam-
ined with respect to the extent of their reach.
Their core business is that of consumer patterns
and behaviour forms which are very close to
consumerism-e.g. the acceptance of laws and
societal practices.

Campaigns can be used effectively, but ulti-
mately they constitute more of a service institu-
tion than an ecosystem service.

In the context of education for sustainable de-
velopment, global perspectives often dominate;
they are important, but they should be con-
veyed in their own space. The communication
regarding particular ES in their mutual interrela-
tionships can be very successful in the context
of landscape-policy education.

Local regional and societal discourses are very
difficult to link, since they constitute different
environments and establish different issues.

In place of the question, ‘Which target groups
do I want to address?’ It is more promising for
communication to ask, ‘Which public do | want
to address, i.e. within which issue contexts will

| want to place a contribution which is to be
communicated?
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“The best way to secure the future is to secure the
present (Franz Kafka).”

51 Policy Mixes for Biodiversity
Conservation and Ecosystem
Service Management

I. Ring and C. Schroter-Schlaack

511 Why Use a Policy Mix?

The ecosystem service concept is closely linked to
the conservation and sustainable use of biodiversity
(MEA 2005a, b). By focusing on the direct and indi-
rect benefits humans derive from nature the concept
may bridge the gap between nature conservation
and economic development and help mainstream
the sustainable management of ecosystems and their
services into public policies and private decision-
making. However, it has been emphasised by most
authors that biodiversity itself is not an ecosystem
service, although there is evidence of a central role
of biodiversity in the functioning and resilience of
ecosystems (MEA 2005b; Elmgqvist et al. 2010).

There may be neutral, but also positive (syner-
gies) or negative (trade-offs) interactions between
biodiversity and ecosystem services (ES) as well as
between the provision of different ES (Elmqvist et
al. 2010; Ring et al. 2010). For example, the MEA
(2005b) showed that the emphasis on provisioning
services within the past decades, e.g. intensification
in agricultural production, has had negative impact
on biodiversity as well as on regulating and cultural
ES. Fostering the provision of specific ES may thus
not always be beneficial for biodiversity conserva-
tion. In turn, biodiversity conservation may not
equally contribute to ecosystem service provision.
This complex relationship has to be considered
when analysing policies and governance regimes
for biodiversity conservation and ecosystem ser-
vice provision.

Real-world policies for conservation and sus-
tainable management of biodiversity typically apply
multiple instruments at the same time. Justifications
for using a policy mix emphasise the distinctive
character of biological diversity as inherently com-
plex and dynamic (OECD 1999). The heterogeneity

of ecosystems and species involves heterogeneous
objectives that naturally call for a range of different
instruments capable of addressing the multidimen-
sional aspects of biodiversity loss and ecosystem de-
gradation (Gunningham and Young 1997). Policies
for biodiversity conservation and the sustainable
provision of ES contrast with the homogeneous char-
acteristics of other environmental solutions that may
need to address just a single pollutant. Ignorance,
uncertainties and informational failures are central
in a way that successful conservation policies need to
account for the precautionary principle, the idea of
safe minimum standards, and adaptive management
to prevent major irreversible losses (OECD 1999).
The focus on policy mix analysis is even more
relevant for the sustainable provision of ES. When
assessing the institutions influencing ES provision,
a wide(r) range of policy sectors has to be consid-
ered. As mentioned above, some of these sectorial
regulations may have positive impact on biodiver-
sity and other ES, while others may cause negative
impact, thereby aggravating trade-offs between dif-
ferent policy goals (Elmqvist et al. 2010; Ring and
Schroéter-Schlaack 2011a). For example, a reduction
or ban on fertilizer use to safeguard drinking water
provision will also have positive effects for biodi-
versity conservation. Agricultural subsidies, on the
contrary, may foster provisioning services, i.e. crop
yield, but may negatively impact biodiversity and
other agricultural ES, e.g. soil fertility or landscape
beauty. Promoting the expansion of renewable en-
ergies may lead to land-use intensification in ag-
riculture that reduces crop rotation and depletes
biodiversity. Moreover, other provisioning services,
such as production of food crops, may be crowded
out due to subsidies for energy crops (» Sect. 4.4.2).
Against the background of these interactions any
assessment of policy responses with regard to biodi-
versity conservation and ecosystem service manage-
ment has to consider the existing mix of policy in-
struments (see » Box for a definition of a policy mix).
Although most of the existing studies on instrument
choice and design focus on single policy instru-
ments, we argue in favour of a three-step policy mix
analysis. The first step comprises the identification
of the context and the main challenges for a policy
response. The second step includes criteria and rec-
ommendations regarding the choice of instruments,
about the functional role different instruments
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Government Market
“Direct regulation” (Dis-)Incentives Facilitation of
self-regulation
Price-based Quantity-based
Subsidies, Tradable Information- Rights to
Public Liability rules payments & permits & .
provision Standards & offsets Taxes & fees fiscal habitat base_d_too_ls & er_mronmgntal
transfers banking certification information
B Fig.5.1 Continuum of policy instruments for biodiversity conservation and ecosystem service management.

© Schroter-Schlaack and Ring 2011

might play in addressing the challenges highlighted
in step 1 and how interactions between instruments
in policy mixes could be considered. Lastly, the third
step elaborates specific design issues in order to max-
imise the value added by single instruments within
policy mixes for biodiversity conservation and eco-
system service management (Schréter-Schlaack and
Ring 2011). Before presenting these steps in more de-
tail, the following section provides a short overview
about the potential policy responses.

— What is a Policy Mix?

A policy mix is a combination of policy instru-
ments, which has evolved to influence the
quantity and quality of biodiversity conserva-
tion and ecosystem service provision in public
and private sectors (Ring and Schroter-
Schlaack 2011b, p. 15).

512 A Well-Equipped Toolbox of
Policy Instruments

Single instruments that may compose a policy mix
can be classified following their distinct functional-
ity. Economic literature on instrument choice and
design typically uses the three following categories
(e.g. Michaelis 1996; Gunningham and Young 1997;
Sterner 2003) (see B Fig. 5.1):
Direct regulation, i.e. command-and-control
instruments that directly steer the policy ad-
dressee’s behaviour by standards, best available
technology requirements or spatial planning,
including protected area designation.

Incentive-based approaches, such as environ-
mental taxes, fees or levies that impose a price
on environmentally harmful activities thereby
internalising external effects of consumption
or production patterns. For biodiversity con-
servation and the sustainable management of
ecosystem services, internalising positive ex-
ternalities is of equal importance (TEEB 2011).
Such measures include payments for environ-
mental services and ecological fiscal transfers
(Ring 2011, » Sect.5.2).

Instruments to support self-regulation of mar-
kets by informing and educating people about
the environmental impacts of their behaviour
or provide motivation towards conservation
and sustainable use of ES in consumption or
investment decisions.

In practical politics, several instruments from
these categories can often be found in combina-
tion. Some instruments may have been introduced
on purpose to enhance the outcome of another in-
strument. Informational instruments, for example,
are often introduced to provide relevant addressees
with the knowledge necessary to enhance the out-
come of regulatory or incentive-based instruments.
In other cases, incentive-based instruments are in-
troduced as compensation for the costs imposed by
regulatory instruments, such as restricted land-use
intensity in drinking water catchments or nature
protection areas.

In economic literature on instrument choice
and design a multitude of criteria has been sug-
gested to analyse and assess policy instruments. In
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Challenges and Context for Policy Instru-
ments for Biodiversity Conservation and
Ecosystem Service Management

1. What are the important characteristics of biodi-
versity and ecosystems that will influence appro-
priateness, applicability and success of certain
instruments and their combinations?

2. What are the policy objectives regarding bio-
diversity conservation and ecosystem service
management?

3. What are the drivers of biodiversity loss and
ecosystem degradation and how might these be
adequately addressed?

the following, these criteria are grouped into four

main clusters:

1. Environmental effectiveness, i.e. whether the
environmental goal was reached by the use of
the instrument.

2. Cost-effectiveness, i.e. whether the environ-
mental goal was reached at the lowest costs.
Besides opportunity costs this also comprises
implementation and transaction costs associ-
ated with the specific instrument.

3. Social and distributional impact, i.e. whether
there are positive or negative social impacts
associated with the use of the instrument and
how the benefits and costs are distributed
among actors and social groups.

4. Institutional arrangements, i.e. institutions
necessary for the successful implementation
and operation of the instrument.

In textbook economics, incentive-based approach-
es are deemed to be more flexible and cost-effective
than command-and-control-type measures (Mi-
chaelis 1996; OECD 2007). A comprehensive litera-
ture review of policy instruments for biodiversity
conservation and a sustainable provision of ecosys-
tem services showed, however, that policy mixes are
not only a matter of fact in real-world policy, but
combining instruments can also be theoretically
justified for efficiency reasons and a range of other
motives (Ring and Schréter-Schlaack 2011a). Build-
ing on that work, @ Table 5.1 presents characteristics
of the instruments reviewed (including regulatory
instruments, offsets, habitat banking and tradable
development rights, easements and tax reliefs, eco-
logical fiscal transfers, payments for environmen-

tal services and forest certification) as well as main
findings on the performance of the different ap-
proaches (Schréter-Schlaack and Ring 2011, p. 178
et seq.). For a detailed discussion of payments for
environmental or ecosystem services (PES) and
ecological fiscal transfers (EFT) see also » Sect.5.2.

513 Assessing Instruments for
Biodiversity Conservation and
Ecosystem Service Management
in Policy Mixes

In the following sections we develop a stepwise ap-
proach to assess instruments for biodiversity conser-
vation and a sustainable management of ES in policy
mixes. This will be based on existing frameworks for
policy mix assessment in other policy sectors (Ring
and Schroter-Schlaack 2011b) and the specific charac-
teristics of biodiversity and ES. The framework’s three
fundamental steps are built up by the criteria to eval-
uate the underlying problem, the policy instrument
or the relevant policy mix (@ Table 5.2). These broad
assessment categories can be further subdivided into
relevant issues to consider in steps 1 and 2, and into
fine grain assessment criteria for the detailed evalua-
tion and design of policy instruments in step 3.

Step 1: Identifying Challenges
and Context
When it comes to analysing policy mixes, the focus
is not on maximising effectiveness or efficiency of
individual policy measures but on the complemen-
tarity of the instruments involved, their interplay
and the ability of the policy mix to address all driv-
ers of the underlying problem (Ring and Schréter-
Schlaack 2011b). The appropriate mix of instruments
and actors will hence depend upon the nature of
the environmental problem, the target groups and
wider contextual factors (Gunningham et al. 1998).
Against this backdrop, the first step of the pro-
posed framework consists in gaining a thorough
understanding of the policy object, i.e. biodiver-
sity conservation and ES management. Although
we believe the questions listed in the » Box to be
neither comprehensive nor exclusive, they may
cover the most relevant questions to be answered
in a preparatory screening phase of the policy mix
analysis.
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B Table5.2 A three-step framework for assessing and designing policy mixes for biodiversity conservation and
ecosystem service management. (Soure: Schroter-Schlaack and Ring 2011, p. 184)

First step

Identifying challenges
and context

Scoping phase

Second step

Identifying gaps and
choosing instruments
for analysis

Evaluating the func-
tional role of instru-
ments in the policy mix

Assessment category

Characteristics of
biodiversity and
ecosystem services

Objectives regarding
biodiversity conserva-
tion and ecosystem
service management

Drivers of biodiversity
loss and ecosystem
degradation

Actors and governance
levels

Cultural and constitu-
tional settings

Policies in place versus
new instruments under
consideration

Context-specific
strengths and weak-
nesses of instruments

Instrument interac-
tions

Issues to consider

Potential trade-offs between biodiversity and ecosystem
services

Irreversibility of biodiversity loss
Tipping points and threshold effects

Lacking property rights for biodiversity and many ecosystem
services

Defining ecosystem service in question
Range of ecosystem services utilisation

Trade-offs between different ecosystem services

Direct and indirect drivers from various sectors

Negative impact of drivers amplified by sectorial policies

Public and private actors
Local to global level actors

Alteration of decision-making processes and inputs across
scales-and thus necessary policies

Local knowledge and traditional practices

Relative appropriateness of monetary valuation and market-
based conservation in cultural context

Constitutional options and constraints

Policy mix across sectors and governmental levels (national/
federal versus regional/local)

Experience with policy instruments
Persistence of existing instruments
Dealing with uncertainty and ignorance
Lacking property rights

Spatial targeting of instrument
Additionality

Type of ecosystem service

Inherently complementary interaction
Inherently negative interaction
Sequencing/path-dependency

Context-dependent interaction
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@ Table5.2 Continued

Assessment category

Third step
Policy evaluation and Conservation
design effectiveness

Impact evaluation for
existing (ex post) and
scenario analysis for
new instruments (ex
ante)

Cost-effectiveness
and further efficiency
criteria

Distributive impact
and legitimacy

Institutional options
and constraints

Within this first step, it is necessary to iden-
tify relevant actors-both private and public-in the
affected political and economic sectors on the rel-
evant governance levels. Moreover, constitutional
and legal requirements as well as the cultural per-
ceptions of biodiversity and ecosystem services
may open up options or impose constraints on the
implementation of potential policy instruments
(Brondizio et al. 2010).

Step 2: Identifying Gaps and Choosing
Policy Instruments for Analysis
During the second step of the proposed framework
gaps in the implemented policy mix have to be iden-
tified and potential instrument alternatives or com-
plements have to be chosen, as further assessed in
step 3. In this respect, it is necessary to first identify
the policies already in place, as most aspects of bio-
diversity are already covered or at least influenced by
existing policies. These policies will not always orig-
inate from environmental policies only, but might
stem from different sectorial policies, e.g. agri- and
silviculture, energy, transport or trade policy as well.
Taking stock of existing policies may point to short-
comings, unaccounted trade-offs and blind spots of
the currently applied instruments (» Box).

Based on such assessment, policy-makers may
have two options or pathways to enhance the over-
all performance of the policy mix (8 Fig.5.2): on the

Issues to consider

E.g. trend in numbers of endangered species and others

E.g. increase in transaction costs in relation to higher conser-
vation effectiveness of measures and others

E.g. beneficiaries and benefactors of a certain conservation
measure and others

E.g. constitutional fit and administrative practicability and
others

one hand, they could aim at improving the existing
mix of instruments by explicitly considering the ef-
fects of instrument interaction in fine grain design
of single components of the mix (ex post analysis).
On the other hand, policy-makers may opt for in-
troducing a new instrument into the existing mix
in order to account for yet unconsidered aspects of
the problem (ex ante analysis). This may include,
e.g. actors, activities or sectors so far not explic-
itly addressed or the acknowledgement of recently
evolved ecological knowledge.

Second, the different strengths and weaknesses
of instruments are of different importance for dif-
ferent conservation and management goals. ‘Direct
regulation’ will have to play a crucial role in safe-
guarding a minimum level of biodiversity to avoid
crossing critical thresholds of ecosystem function-
ing. Incentive-based instruments merit particular
consideration for managing marketable ES, and
sustainably using ES within safe margins that do
not endanger ecosystem functioning. Motivational,
educational and informational instruments are al-
ways an important component of the policy mix as
they raise awareness for biodiversity conservation
and the consequences of continued loss of biodi-
versity and ecosystem service degradation, enhance
acceptance of policies, and increase participation
in voluntary conservation and management mea-
sures. In contrast to other fields of environmental
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Assessing Existing Policies Against the Challenges for Biodiversity Conservation and Ecosystem
Service Management

1.

Do the policies in place ad-
equately address the irreversibil-
ity of biodiversity loss as well as
thresholds of ecosystem resil-
ience that-once crossed-will
result in a failure of the ecosys-
tem to deliver its services?

Do the instruments in place
address the trade-offs between
biodiversity conservation and

the one hand and between dif-
ferent ecosystem services on the
other?

Are the drivers of biodiversity
loss and ecosystem degradation
identified and addressed by
existing policies?

Are all relevant actors addressed
by policy instruments or who is
missing?

What is the scope of new in-
struments judged on available
experience of policy-makers

and policy-addressees and the
overall attitude of the society
regarding biodiversity conserva-
tion, ecosystem service manage-
ment and public regulation?

ecosystem service provision on

regulation (e.g. in controlling air pollution, see
OECD 2007) overlap of instruments in biodiversity
conservation and ecosystem service management
constitutes an insurance against knowledge gaps,
policy and implementation failures and should thus
not be treated as generally inefficient (Gunning-
ham and Young 1997). The spatial heterogeneity
of biodiversity conservation and ecosystem service
provision potential often requires a mix of instru-
ments to be applied. Incentive-based instruments
may be linked to regulation or planning (eligible
areas for PES may be linked to, e.g. protected ar-
eas), or provide spatial bonuses in areas targeted
for special conservation efforts. The performance
of ‘direct regulation’ can in turn be supported by
incentive-based instruments when actors are
incentivised to provide conservation and manage-
ment action beyond regulatory minimum require-
ments.

Lastly, if instruments are applied simultane-
ously they will not only work towards the desired
policy goal, e.g. biodiversity conservation, but
they may also interact and thereby influence the
performance of the policy mix. Thus, it is neces-
sary to reconsider the classifications of instrument
interactions available, identify the functional role
of each approach within a policy mix and choose
complementary instruments to the policies already
in place (Schroter-Schlaack and Ring 2011).

Step 3: Policy Evaluation and Design

The third step of the proposed framework turns
the focus to the evaluation and design of single
instruments so that the additional value of the rel-
evant instrument to the existing policies is maxi-
mised. To develop policy recommendations we
refer to the policy instrument evaluation criteria
mentioned above: conservation effectiveness; cost-
effectiveness; social impact, fairness and policy le-
gitimacy; and institutional aspects. When dealing
with policy mixes, the ultimate goal for instrument
design is no longer to develop first-best or second-
best single policy solutions, but to optimise design
regarding the functional role of the instrument in
the policy mix.

Conclusion

Real-world policies and environmental policy in
particular are characterised by the existence of
policy mixes. This holds especially true for policy
responses to the ongoing biodiversity loss and
the associated degradation of ecosystems’ ability
to provide ES. Despite this observation, most of
the literature on instrument choice has focused on
the analysis of individual instruments rather than
policy mixes. Building on the existing literature on
policy mixes and a number of reviews on selected
individual policy instruments, this chapter has de-
veloped a stepwise framework for assessing instru-
ments in policy mixes for biodiversity conservation
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Step 1. Identifying challenges and context

Policy mix

Situations

Step 2. Identifying gaps and choosing instruments for analysis

2a. Functional role evaluation
of existing policy mix

Instrument interactions

Step 3. Policy evaluation and design

3a. Impact evaluation of
selected existing instrument

Policy outcomes

2b. Prospective functional role
evaluation incl. new instrument

Instrument interactions

3b. Scenario analysis for
new instrument

Policy outcomes

B Fig.5.2 Three-step-framework for ex post and ex ante analysis of policy mixes. © Schréter-Schlaack and Ring 2011

and ecosystem service provision (Ring and
Schréter-Schlaack 2011a, @ Fig. 5.2).

As in any other policy field, there will be no
‘blueprint’ for optimally designing a policy mix for
biodiversity conservation and ecosystem service
management as each country is different and relies
on biodiversity and ES to a different extent (TEEB
2010a). Moreover, ecosystems may be in different
stages of degradation and thus in different prox-
imity to tipping points of critical ecosystem service
provision. Finally, each country deals with a differ-
ent set of policies already in place. Nevertheless,
two recommendations on mainstreaming biodiver-
sity conservation and ecosystem service manage-
ment may apply in almost all cases, irrespective of
the specific setting (TEEB 2011):
== The policy mix should not be limited to ‘envi-

ronmental’ or ‘conservation’ policies but should

also encompass other sectorial policies, such as
agriculture, energy or transport.

== A policy mix can be developed using a stepwise
approach that starts with the more easily avail-
able opportunities.

52 Selected Financial Mechanisms:
Payments for Ecosystem Services
and Ecological Fiscal Transfers

I. Ring and M. Mewes

The loss of biodiversity and ES is often due to mar-
ket failures concerning public goods. On the one
hand, the destruction and deterioration of habitats
as well as pollution (e.g. nitrogen and phosphorus
inputs in water bodies) lead to negative impact and
represent so-called negative external effects, which
are not internalised or not sufficiently internalised.
Economic production and consumption, which
negatively influences the environment, is still too
cheap. This also holds for the intensive production
of many provisioning services of ecosystems such
as agricultural use at the expense of their regulating
services. The social costs of this behaviour are not
reflected in the prices of the corresponding goods
and services.

On the other hand, services of land users and
public actors for biodiversity conservation and the
conservation of ecosystems and their services are
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conversion to forest forest conservation
pasture conservation with service
- payment(s)
- payment(s)
private 1 minimum payment
benefits to < ==
land owners
>
reduced
watgr payment for service
social costs | services |
loss of
biodiversity
carbon maximum payment
L emissions

B Fig.5.3 Background of introducing payments for ecosystem services: the conversion of forest to pasture leads both
to a higher private benefit to the land owner and social costs due to the loss of ecosystem services. The land owner can be
offered a payment to conserve the forest, which has to equal at least his gain in private benefit by a conversion to pasture.

(Adapted from Engel et al. 2008)

often linked to positive externalities, representing
social benefits. Because of the inadequate internali-
sation of such positive external effects these social
benefits do not often pay off for the suppliers of such
services under the current social framework and
market conditions. They are not paid adequately for
the costs of their implemented measures. Therefore,
these socially desirable services are not sufficiently
provided, both regarding 