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4.1 Indicators and Quantification 
Approaches1

B. Burkhard, F. Müller

4.1.1 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 4.1 is 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; Müller 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 Müller (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).

4.1.2 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 (7 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 Müller 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-

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; 7 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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For many regulating ES, it can be assumed that ES 
potentials and flows are comparable (7 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 (. 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 (7 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 

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

 4 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.

 4 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

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

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.
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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 

* These ecosystem services are named because they can be of high importance in some ecosystems although the potential of double-counting must be noted.
** Potential double-counting when fodder is used for feeding on the same farm.

*** These services are often not counted as ecosystem services; but they can be of high importance for policy decisions, land-use management strategies and scenarios.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

1 Continuous urban fabric 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 3 3 1 5 1 0
2 Discontinuous urban fabric 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0 0 0 1 3 2 1 5 1 0
3 Industrial or commercial units 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0
4 Road and rail networks 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

5 Port areas 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 1 0

6 Airports 1 1 0 2 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

7 Mineral extraction sites 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 5 0 0 1 0 0 0

8 Dump sites 0 0 5 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
9 Construction sites 0 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

10 Green urban areas 4 3 2 3 2 1 3 3 1 2 1 2 1 1 2 0 1 1 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 3 3 1 0 2 0
11 Sport and leisure facilities 4 3 2 3 2 1 2 2 1 1 1 2 1 1 1 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 1 0 0 1 0
12 Nonirrigated arable land 5 4 4 1 3 4 3 2 1 2 0 1 0 0 0 1 0 2 2 5 2 3 0 5 0 0 0 0 0 1 0 0 0 1 1 2 0 3 0
13 Permanently irrigated land 5 4 3 1 5 2 3 2 1 3 0 0 0 0 0 1 0 1 2 5 1 2 0 2 0 0 0 0 0 1 0 0 0 1 1 2 0 3 0
14 Ricefields 5 4 3 1 5 1 3 2 0 2 0 2 0 0 0 0 0 1 1 5 0 2 0 0 0 0 0 0 0 0 0 0 0 1 1 2 0 4 0
15 Vineyards 3 2 2 0 3 1 3 2 1 1 0 1 0 0 0 0 0 1 1 4 1 0 0 0 0 1 0 0 0 0 0 0 0 5 2 2 0 5 0
16 Fruit trees and berries 3 2 3 2 4 2 4 3 2 2 2 2 1 1 2 2 5 3 2 5 1 0 0 0 4 4 0 0 0 0 0 0 0 5 2 2 0 4 0
17 Olive groves 3 2 3 1 3 2 3 2 1 1 1 1 1 1 1 0 0 3 2 4 1 0 0 0 4 4 0 0 0 0 0 0 0 5 2 2 0 4 0
18 Pastures 5 5 4 2 4 5 2 2 1 1 0 1 0 0 4 1 0 2 4 0 1 5 5 0 0 0 0 0 0 0 0 0 0 3 2 2 0 3 0
19 Annual and permanent crops 4 3 3 2 3 2 2 2 1 2 1 1 0 0 1 1 0 2 2 5 1 5 5 5 0 0 0 0 0 1 0 0 0 1 1 2 0 2 0
20 Complex cultivation patterns 4 3 3 1 3 2 4 3 1 2 0 1 0 0 0 1 0 3 2 4 1 3 0 4 0 0 0 0 0 2 0 0 0 2 2 2 0 3 0
21 Agriculture & Natural vegetation 3 2 3 2 3 2 3 3 2 3 1 2 1 0 3 1 0 3 2 3 2 2 3 4 3 3 0 0 3 1 0 0 1 2 2 3 0 2 3
22 Agro-forestry areas 4 3 4 4 4 3 4 4 1 2 1 1 1 1 2 1 3 3 3 3 2 2 3 2 3 3 0 0 0 0 0 0 0 3 2 2 0 3 0
23 Broad-leaved forest 5 4 5 5 5 4 3 4 4 5 5 2 5 5 5 3 5 4 4 0 1 1 0 0 5 5 0 0 5 5 0 0 0 5 5 5 3 3 5
24 Coniferous forest 5 4 5 5 4 4 3 4 4 5 5 2 5 5 5 3 5 4 4 0 1 1 0 0 5 5 0 0 5 5 0 0 0 5 5 5 3 4 5
25 Mixed forest 5 4 5 5 5 4 3 5 4 5 5 2 5 5 5 3 5 5 5 0 1 1 0 0 5 5 0 0 5 5 0 0 0 5 5 5 3 4 5
26 Natural grassland 4 3 5 5 4 4 3 5 3 2 0 1 5 5 5 1 0 1 2 0 0 1 3 0 0 0 0 0 5 0 0 0 0 3 4 5 1 4 3
27 Moors and heathland 4 3 5 5 4 5 3 4 3 4 0 2 4 3 0 2 2 2 3 0 2 0 2 0 0 2 0 0 1 0 0 0 0 5 4 5 1 2 5
28 Sclerophyllous vegetation 3 2 2 4 2 3 3 4 1 2 0 1 0 0 0 1 2 2 3 0 0 0 2 0 0 2 0 0 1 3 0 0 0 2 3 4 1 2 4
29 Transitional woodland shrub 3 2 2 4 2 3 3 4 0 1 0 0 0 0 0 0 2 2 3 0 1 0 2 1 0 2 0 0 1 0 0 0 0 2 3 4 1 2 2
30 Beaches, dunes and sand plains 1 0 1 0 1 1 3 3 0 0 0 1 0 0 0 5 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 5 4 4 0 2 2
31 Bare rock 0 0 0 0 0 0 3 3 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 4 3 4 0 2 0
32 Sparsely vegetated areas 1 1 1 1 1 0 2 3 0 1 0 1 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 0 2 0
33 Burnt areas 0 0 3 0 0 0 2 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0
34 Glaciers and perpetual snow 0 0 0 0 0 0 2 1 3 3 0 4 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 5 0 0 5 5 3 2 0 0
35 Inland marshes 4 3 5 3 4 4 3 2 2 2 0 2 0 4 0 4 0 2 3 0 0 5 2 0 0 0 0 0 0 0 0 0 0 0 2 4 0 2 0
36 Peatbogs 4 3 5 5 4 4 3 4 5 4 0 3 4 3 0 3 2 3 4 0 2 0 0 0 0 0 0 0 0 0 0 0 0 4 2 3 0 2 4
37 Salt marshes 3 2 5 3 4 3 2 3 0 1 0 0 0 2 0 5 0 2 2 0 0 0 2 0 0 0 0 0 0 0 0 0 0 3 2 3 0 2 0
38 Salines 0 0 0 0 0 0 1 1 0 2 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 3 0 2 0
39 Intertidal flats 1 1 1 4 0 2 2 3 0 1 0 0 0 1 0 5 0 2 3 0 1 0 0 0 0 0 0 0 0 0 0 0 0 4 2 3 0 2 0
40 Water courses 3 1 1 3 0 3 4 4 0 1 0 1 3 3 0 2 0 3 5 0 3 0 0 0 0 0 3 0 4 0 5 0 5 4 4 4 0 3 5
41 Water bodies 4 2 4 3 0 4 4 4 1 2 0 2 0 1 0 1 0 3 5 0 0 0 0 0 0 0 3 5 4 0 5 0 5 5 4 4 0 3 4
42 Coastal lagoons 5 4 4 3 0 5 4 4 0 1 0 0 0 0 0 4 0 3 5 0 1 0 0 0 0 0 4 5 4 0 0 0 0 4 4 4 0 2 4
43 Estuaries 5 4 2 3 0 5 3 3 0 0 0 0 3 3 0 3 0 4 5 0 2 0 0 0 0 0 5 5 4 0 0 0 0 4 5 4 0 2 3
44 Sea and ocean 3 2 1 4 0 3 2 2 5 3 0 0 0 5 0 0 0 3 5 0 3 1 0 0 0 0 5 5 0 0 0 1 3 4 5 4 0 4 2

. 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)
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in maps. . Figure 4.3 shows the ES budget matrix 
for the different CORINE land-cover types. Each 
field in the ES budget matrix was calculated based 
on the scores in the ES supply matrix (.  Fig.  4.1) 
and the ES demand matrix (. Fig. 4.2). Therefore, 
the assessment scale ranges from −5 = demand 
clearly exceeds supply (undersupply), via 0 = de-

mand = supply (neutral budget), to + 5 = supply 
clearly exceeds demand (oversupply). Empty fields 
indicate land-cover types with neither a relevant ES 
supply nor a relevant demand for ES.

.  Figure  4.3 shows a clear pattern of ES un-
dersupply in the regions with high anthropogenic 
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9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

1 Continuous urban fabric 3 5 5 4 1 1 1 5 3 5 3 5 5 1 5 3 3 2 5 5 5 5 5 4 2 4 4 3 4 4 2
2 Discontinuous urban fabric 3 5 5 5 2 2 1 4 4 4 2 4 4 2 4 3 3 3 4 4 4 5 5 3 3 4 4 3 3 2 3

3 Industrial or commercial units 5 1 5 4 3 3 1 5 4 3 4 5 5 5 5 5 5 5 4 4 4 5 5 5 5 1 1 4 1 3 1

4 Road and rail networks 4 2 4 4 0 0 3 4 1 2 0 0 4 0 0 0 2 0 0 0 0 0 1 2 0 2 2 1 1 1 0

5 Port areas 3 2 2 5 3 0 4 5 1 4 3 2 5 2 2 2 5 2 2 2 1 1 3 3 1 2 2 2 1 2 1

6 Airports 5 2 4 1 2 1 1 5 0 5 1 2 5 0 2 1 1 0 1 1 1 1 3 2 0 1 1 1 1 1 0

7 Mineral extraction sites 0 0 0 2 0 0 4 3 0 0 3 0 3 0 0 1 2 0 0 0 0 0 2 1 0 0 0 0 0 0 0

8 Dump sites 2 2 3 0 2 0 0 5 0 3 5 0 1 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0

9 Construction sites 0 2 1 2 2 2 2 3 0 1 2 0 4 0 0 4 4 0 0 0 0 0 2 4 0 0 0 0 0 0 0

10 Green urban areas 0 2 1 0 0 0 0 2 2 3 0 1 1 0 1 0 0 0 0 0 0 0 2 0 0 4 4 2 0 2 1

11 Sport and leisure facilities 0 2 3 0 1 0 0 3 0 3 0 2 3 1 2 1 1 1 2 2 2 3 3 1 1 3 3 1 0 2 0

12 Nonirrigated arable land 2 2 1 2 0 3 2 3 3 3 2 1 1 0 0 0 0 0 0 0 0 1 0 0 1 0 0 1 0 1 0

13 Permanently irrigated land 2 2 1 2 5 3 2 3 3 3 2 1 2 0 0 0 0 0 0 0 0 1 5 0 1 0 0 1 0 1 0

14 Ricefields 4 3 1 5 5 3 5 3 1 3 2 1 2 0 0 0 0 0 0 0 0 1 5 0 0 0 0 2 0 3 0

15 Vineyards 2 5 1 0 4 3 5 3 2 3 1 1 2 0 0 1 1 0 0 0 0 2 4 0 0 0 0 2 0 3 0

16 Fruit trees and berries 1 2 1 0 2 3 1 3 5 3 1 1 2 0 0 1 1 0 0 0 0 2 3 0 0 0 0 2 0 2 0

17 Olive groves 1 2 1 0 2 2 0 3 2 3 1 1 1 0 0 1 0 0 0 0 0 2 1 0 0 0 0 2 0 2 0

18 Pastures 3 1 0 1 2 1 0 2 0 1 3 0 1 3 1 0 1 0 0 0 0 1 2 0 2 0 0 1 0 1 0

19 Annual and permanent crops 1 1 1 1 2 5 1 2 2 3 1 1 2 0 0 0 0 0 0 0 0 1 1 0 1 0 0 1 0 1 0

20 Complex cultivation patterns 1 1 1 1 2 5 1 2 3 3 2 1 2 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 1 0

21 Agriculture & natural vegetation 2 1 1 0 2 3 1 1 2 3 1 1 2 0 0 0 0 0 0 0 0 1 2 0 2 0 0 1 0 0 0

22 Agro-forestry areas 1 1 1 0 2 3 0 1 2 1 0 1 1 0 0 0 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0

23 Broad-leaved forest 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0

24 Coniferous forest 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0

25 Mixed forest 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0

26 Natural grassland 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0

27 Moors and heathland 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0

28 Sclerophyllous vegetation 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

29 Transitional woodland shrub 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

30 Beaches, dunes and sand plains 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1

31 Bare rock 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

32 Sparsely vegetated areas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

33 Burnt areas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

34 Glaciers and perpetual snow 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

35 Inland marshes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

36 Peatbogs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

37 Salt marshes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

38 Salines 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0

39 Intertidal flats 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

40 Water courses 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 3 0 0 0 0 0 0

41 Water bodies 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

42 Coastal lagoons 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

43 Estuaries 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

44 Sea and ocean 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 4 0 0 0 0 0 0

. Fig. 4.2 Demand for ecosystem services (x-axis) within different land-cover types (y-axis) on a scale from 0 (no rele-
vant demand; light pink) to 5 (maximum demand; dark red); exemplarily assessed for a central European ‘normal landscape’ 
(after Burkhard et al. 2012)
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 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 

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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9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

1 Continuous urban fabric -3 -5 -5 -4 -1 -1 -1 -5 -3 -5 -3 -5 -4 -1 -5 -3 -3 -2 -5 -5 -5 -5 -5 -4 -1 -1 -1 -2 1 -3 -2
2 Discontinuous urban fabric -3 -5 -5 -5 -2 -2 -1 -4 -4 -4 -2 -3 -3 -1 -4 -3 -3 -3 -4 -4 -3 -5 -5 -3 -2 -1 -2 -2 2 -1 -3
3 Industrial or commercial units -5 -1 -5 -4 -3 -3 -1 -5 -4 -3 -4 -5 -4 -5 -5 -5 -5 -5 -4 -4 -4 -5 -5 -5 -4 -1 0 -4 -1 -2 -1
4 Road and rail networks -4 -2 -4 -4 0 0 -3 -4 -1 -2 -4 -2 -1 -2 -2 -2 -1 -1 0
5 Port areas -3 -2 -2 -5 -3 -4 -2 -1 -4 -3 -2 -5 -2 -2 -2 -5 -2 -2 -2 -1 -1 -3 -3 -1 -1 0 -2 -1 -1 -1
6 Airports -5 -2 -4 -1 -2 -1 -1 -5 -5 -1 -2 -5 1 -2 -1 -1 0 -1 -1 -1 -1 -3 -2 -1 -1 -1 -1 0
7 Mineral extraction sites -2 -4 -3 -3 -3 -1 -2 -2 4 5 1
8 Dump sites -2 -2 -3 -2 -5 -3 -5 0 -2
9 Construction sites -2 -1 -2 -2 -2 -2 -3 -1 -2 -4 -4 -4 -2 -3

10 Green urban areas 1 0 0 2 1 1 2 -2 -1 -2 1 -1 -1 -1 1 1 -2 -1 -1 -1 0 -1
11 Sport and leisure facilities 1 -1 -2 2 0 1 1 -3 1 -2 1 -2 -3 -1 -2 -1 -1 -1 -2 -2 -2 -3 -3 -1 -1 2 -2 -1 -1
12 Nonirrigated arable land -1 0 -1 -1 -3 -2 -2 -3 -1 0 4 1 3 5 0 -1 1 1 1 2
13 Permanently irrigated land -1 1 -1 -2 -5 -3 -2 -2 -3 -2 0 4 -1 2 2 0 -5 -1 1 1 1 2
14 Ricefields -4 -1 -1 -3 -5 -3 -5 -3 -1 -2 -1 4 -2 2 -1 -5 1 1 0 1
15 Vineyards -1 -4 -1 1 -4 -3 -5 -3 -2 -2 0 3 -1 -1 -1 1 -2 -4 5 2 0 2
16 Fruit trees and berries 1 0 1 2 -1 -2 1 -1 0 0 1 4 -1 -1 3 4 -2 -3 5 2 0 2
17 Olive groves 0 -1 0 1 -1 -1 1 -3 -2 0 1 3 0 -1 4 4 -2 -1 5 2 0 2
18 Pastures -2 0 0 -2 -1 4 -1 1 1 0 2 4 -1 -1 -2 -2 3 2 1 2
19 Annual and permanent crops 0 1 0 0 -2 -5 0 -1 -2 -1 1 4 -1 5 5 5 0 -1 -1 1 1 1 1
20 Complex cultivation patterns 0 1 -1 0 -2 -5 -1 -1 -3 0 0 3 -1 3 4 1 -1 2 2 1 2
21 Agriculture & natural vegetation 0 2 0 2 -1 -3 2 0 -2 0 1 2 0 2 3 4 3 3 3 0 -2 -1 2 2 2 2 3
22 Agro-forestry areas 0 1 0 1 -1 -2 2 0 1 2 3 2 1 2 3 2 3 3 -1 -2 3 2 2 3
23 Broad-leaved forest 4 5 5 2 5 5 5 3 5 4 4 1 1 4 4 4 5 5 5 5 3 3 5
24 Coniferous forest 4 5 5 2 5 5 5 3 5 4 4 1 1 4 4 4 5 5 5 5 3 4 5
25 Mixed forest 4 5 5 2 5 5 5 3 5 5 5 1 1 4 4 4 5 5 5 5 3 4 5
26 Natural grassland 3 2 1 5 5 5 1 1 2 1 3 5 -2 3 4 5 1 4 3
27 Moors and heathland 3 4 2 4 3 2 2 2 3 2 2 2 1 -2 5 4 5 1 2 5
28 Sclerophyllous vegetation 1 2 1 1 2 2 3 2 2 1 3 -1 2 3 4 1 2 4
29 Transitional woodland shrub 1 2 2 3 1 2 1 2 1 2 3 4 1 2 2
30 Beaches, dunes and sand plains 1 5 1 1 1 1 4 3 4 2 1
31 Bare rock 1 1 1 1 4 3 4 2
32 Sparsely vegetated areas 1 1 1 1 1 -1 1 4 2
33 Burnt areas 1 1 5
34 Glaciers and perpetual snow 3 3 4 1 1 5 5 5 3 2
35 Inland marshes 2 2 2 4 4 2 3 5 2 2 4 2
36 Peatbogs 5 4 3 4 3 3 2 3 4 2 4 2 3 2 4
37 Salt marshes 1 2 5 2 2 2 3 2 3 2
38 Salines 2 1 1 2 2 2 1
39 Intertidal flats 1 1 5 2 3 1 4 2 3 2
40 Water courses 1 1 3 3 2 3 5 3 2 4 5 2 4 4 4 3 5
41 Water bodies 1 2 2 1 1 3 5 2 5 4 5 5 5 4 4 3 4
42 Coastal lagoons 1 4 3 5 1 3 5 4 4 4 4 2 4
43 Estuaries 3 3 3 4 5 2 4 5 4 4 5 4 2 3
44 Sea and ocean 5 3 5 3 5 3 1 4 5 1 -1 4 5 4 4 2

. Fig. 4.3 Ecosystem service supply-demand matrix showing budgets in the different land-cover types; based on 
matrices in Figs. 4.1 and 4.2. Scale from − 5 (dark red) = demand clearly exceeds supply = undersupply; via 0 (pink) = de-
mand = supply = neutral budget; to 5 (dark green) = supply clearly exceeds demand = oversupply. Empty fields indicate 
land cover types with neither a relevant ES supply nor a relevant demand for ES (after Burkhard et al. 2012)
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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, 7 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 (7 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 
(.  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 
of 20,000 GJ ha−1 year−1. 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 
(. 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 (.  Figs.  4.4 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.

4.1.3 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 

http://www.plurel.net/
http://www.plurel.net/
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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 (7 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.

4.2 Approaches to the Economic 
Valuation of Natural Assets

B. Schweppe-Kraft, K. Grunewald

4.2.1 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 (Baumgärt-
ner 2002). An example are the costs of measures to 
maintain ‘healthy’ landscapes that provide sufficient 
opportunities for recreation, fertile soils, fresh water, 
etc. (7 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 Wät-
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’ (Baumgärtner 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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The final step in a cost-benefit analysis, as in 
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-

itat function of its ecosystems for flora and fauna 
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-

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 (Baumgärtner 
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, 

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.
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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 regu lation 
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:

 5 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?).

 5 The strength of a vote can differ (a greater or 
lesser increase in individual incomes or of 
income equivalents measured by willingness-
to-pay).

 5 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.

 5 The net income effect does not have to be 
investigated for each person individually, it is 
sufficient if the sum is known.

 5 Representative sampling methods are applied 
to determine the benefits of public goods 
(7 Sect. 4.2.3).

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:

 5 Are based on individual preferences
 5 Assess values as relative advantages, expressed 

in terms of changes in income or income 
equivalents (willingness-to-pay)

 5 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.

 > 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 
(Baumgärtner 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:

 5 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.

 5 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.

 5 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, 
CO2 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-

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 (7 Sect 4.1.). However, 
such models often depend on the opinions of a 
limited selection of experts and/or ‘citizen experts’ 
(Die nel 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 (7  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.

4.2.2 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) 
(.  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.

 z 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 (Baumgärt-
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

Use values

Direct use values

Indirect use values

Option values Nonuse values

Bequest values

Existence values

. Fig. 4.6 The concept of total economic value (TEV). 
(Adapted from Pearce and Turner 1990; Bräuer 2002)
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 z 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) (7 Sect. 3.2).

 z 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 (7  Chap.  2 and 7  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).

 z 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.

 z 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.

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.

4.2.3 Valuation Methods and 
Techniques2

Use Values

 z 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 
7 www.ecosystemvaluation.org.
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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.

 z 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-

. 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
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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 
Grêt-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 (7 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 

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 7 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 7 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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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, Röder and Grützmacher (2012) 
calculated costs of € 40/t of saved CO2 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 CO2 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) 
(7 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).

 z 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-

. Fig. 4.8 Fruit growing areas are particularly depen-
dent on pollination services. © Burkhard Schweppe-Kraft
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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.

 z 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, too, 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.

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 17 t/ha−1 a −1 to 1 t/ha−1 a−1. 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 (7 Sect. 6.6.2).

 z 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 (7 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) (7 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 CO2, based on a combined damage-/mitigation-
cost analysis. In case of the use of wind power, 1 t 
of avoided CO2 emissions costs approximately € 40; 
on the European carbon market, a ton of CO2 cost 
€ 6–7 in early April 2012. Which of the above values 
is to be used for the valuation of the CO2 emissions 
saved by rewetting will depend on how future devel-
opments are to be assessed (7 Sect. 6.6.4).

It can be assumed that the required reduction 
of CO2 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 CO2 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).

 z Real Estate Prices–Hedonic Pricing
The evaluation approaches presented above have, 
under the MEA (2005a) system and the ES clas-
sification (7  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 
(7 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.

 z 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 

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).

 z 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.

 z 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.

 z 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 (Löwenstein 
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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

 z 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).

 > A number of results regarding will-
ingness-to-pay for conservation mea-
sures in Germany are now available 
(. Fig. 4.9; 7 Sect. 6.6.1). They involve 
extensive activities, such as national pro-

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 . 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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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).

 z 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 

. 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))
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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; 7 Sect. 6.6.1). The res-
toration-cost approach is also used in the German 
impact-regulation system (Köppel 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/m2 
for farmland with endangered segetal plants and 
almost €  200/m2 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 (. 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, 

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 
(. 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 CO2 
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 (7 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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Examples are the recreational performance of land-
scapes and the prevention of flood damage. A com-
parably attractive landscape will provide very dif-
ferent recreational services, depending on whether 

it is located near a metropolitan area, within a fa-
miliar tourist area, or in a sparsely populated rural 
area. The value of the water-retention capacity of 
forests or floodplains is critically dependent on how 

. Table 4.2 Economic effects of protected area tourism. (Job et al. 2005, 2009)

Berchtesgaden National Park (2002) Altmühltal 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

. Table 4.1 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
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extensively and densely populated the flood-prone 
areas in the drainage portion of the respective wa-
tershed are (7 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).

4.2.4 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 

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.

Overall, 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.

4.3 Scenario-Development and 
Participative Methods

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

4.3.1 Basics and Fields of Application

Our ecosystems underlie accelerating transitions 
(Bernhardt and Jäger 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 (Dörr 2005), prognoses (Jessel 2000), forward 
projections (Bork and Müller 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 (7 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:

 5 To draft capabilities in order to prepare for 
coming occurrences

 5 To estimate the risk potential of strategies in 
order to demand for action

 5 To draft options for action and to compare 
them in order to choose the most feasible

 5 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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 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).

4.3.2 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 
Görlitz 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 (Görlitz 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 

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; Lütz et 
al. 2007; Tappeiner 2007; Tötzer 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 Holzkämper (2007). The 
Fourth Assessment Report (Pachauri 

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).
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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 (7 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 (.  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 

Archetypes Storylines Scenario
evaluation

Step 1 Step 2

Scoping Current
state &
trends

----------------------------

Scenario
logic

Commu-
nication

Participation

Step 3 Step 4 Step 5 Step 6 Step 7

. Fig. 4.10 Working steps of the described scenario framework. © IÖR/Syrbe
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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 

Driver Driver

Driver Driver

0                                         t 0                                           t

0                                         t 0                                          t0                                         t 0                                         t

DriverDriver

0                                         t 0                                          t

DriverDriver

Constant Accelerating Alternating Saltational

S-shaped ChaoticUniform Retarding

. Fig. 4.11 Pictograms for the trend types of key drivers; strait line: positive alteration; dashed line: negative alteration; 
white background: basing types; grey background: combined types. © IÖR/Syrbe

     

Scenario
Technology +
Energy

Future possibilities

Scenario Business As
Usual (BAU)

Real development
(unknown)Scenario

Greening

Timeline

205020302010

. Fig. 4.12 Scenario funnel with schematically hinted trajectories. © IÖR/Syrbe

     



108 Chapter 4 • Ascertainment and Assessment of ES

4

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 (7 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 (7 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.

4.3.3 Participation and the Case 
Study Görlitz

‘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 

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.
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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.

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 7 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 (7 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.

The actual scenario exercise can consist of several 
elements (7  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 

Types of Participation for Development 
of Scenarios or Ecosystem Services 
Assessment

 5 Workshops (with group work, presenta-
tions and perhaps stage discussion)

 5 Small group participation events such as 
world café or focus group interview

 5 Personal interviews (survey with prepared 
questions or thematic guideline)

 5 Public surveys (oral, by letter or on the web)
 5 Stalls at exhibitions, fairs or congresses
 5 Excursions (empirically with high motiva-

tional effect)
 5 Culturale events (cinema show, theatre 

and suchlike) with following discussion
 5 Teaching units in schools, other educa-

tional institutions, or outdoor
 5 Internet forum, blog, etc.

Elements of a Scenario Exercise
 5 Invitation of genuinely interested partici-

pants
 5 Introduction: explanation of aims and 

methodical steps
 5 Mind opener to stimulate creativity (e.g. 

quiz)
 5 Brain-storming to catch maverick ideas

 5 Suggestion talk(s) by experts
 5 Ballot about alternative proposals (e.g. by 

stick points)
 5 Plenar discussion for central decisions
 5 Working groups developing particular 

scenarios
 5 Breaks with social events (e.g. dinner)
 5 Plenar presentation of working group’s 

results with final discussion
 5 Protocol shipment of the final results to all 

participants
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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).

During two projects (‘Landscape Saxony 2050’ and 
‘LÖBESTEIN’) in the East Saxon county Görlitz, 
Germany, additional experiences from scenario 
workshops were collected and will be shared below 
(7 Box ‘Experiences from Görlitz 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

4.4.1 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-

Tips for Planning a Successful Scenario 
Exercise
Timely invitation of participant

 5 Information about the venue, aims, dura-
tion, and fee as well as possible cost reim-
burse

 5 Invitation shall be motivating, provoking, 
exciting, or funny

 5 Homework (i.e. a questionnaire) can save a 
working step and prepare for the topic

Introduction by the scenario team
 5 Aims and schedule of the whole project 

and of the particular event
 5 Introduction should be short, but include 

organisational information (breaks, meals, 
etc.)

 5 Introduction highlights the possibilities of 
participation

Mind opener to activate creativity (possibilities)
 5 Enquiring wishes or nightmares for future
 5 Asking to draw an own desire scenario
 5 Provoking (i.e. through theses or artistic 

illustrations)
 5 ‘Fairy question’: ‘What do you want to ask a 

time traveler from the future?’

Brain storm to obtain creative ideas before 
people hear lectures

 5 Ballot about drivers or evaluation criteria
 5 Nomination of surprising incidents to be 

regarded (‘wild cards’)

 5 Risks and problems for future

Key note lectures from scenario team and 
external experts

 5 Participants get comparable information 
as basis for discussion

 5 Sharing the most recent state of the art 
about trends and drivers

 5 Current state of the study area

Group work to draw particular scenarios
 5 Avoid strong/weak division of working 

groups to not confine the creativity of the 
weak group

 5 Group division should consider the inter-
ests of members

 5 Each group needs a moderator from the 
scenario team

 5 Job description must be prepared for 
groups and moderators

 5 Each group elects a presenter at the begin-
ning
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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 (7 Chap. 6).

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 (7  Sect.  4.1) and within Contingent 
Economic Assessments (Examples in  7  Sect.  4.2 
and 7 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 

Experiences from Görlitz 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 7 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 

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.

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.

http://http://kwiksurveys.com/
http://http://kwiksurveys.com/
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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, 7  Sect.  4.3; 
modelling, 7 Sect. 4.4.3) and forms a basis for regu-
lation and steering (policy, incentives, planning, 
governance 7 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.

4.4.2 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. 4.13 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/BFS 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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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 (. 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).

D (Driver)

P (Pressure)

I (Impact)

S (State)

1 Correlation ES – Biomass Production for energy
purposes

2 General conditions: policy, laws, planning
instruments, economic and climate

3 Forming scenarios

R (Response)

4 Land-use structures resulting from scenario
assumptions and farmers and foresters striving
to maximise profits under scenario conditions

5  Impacts on the environment by biomass
cultivation

6 Socio-economic impacts
7 Integrated assessment of impacts on ES

8 Description of management actions to be taken
to secure ES with thresholds or minimum
standards

9 Description of management options and
reviewing incentives, spatial steering and legal
regulations

10 Recommendation for policy makers and
planning better considering all ES

ES – Biomass

Scenario
development

Options to secure
and enhance ES

Evaluation of
steering
instruments

S
takeholder involvem

ent and know
ledge transfer

Land use and
scenarios to
determine
regulation needs

Ecologic and
sociocultural
functions and
impacts on ES

Determination of
demands for
management
actions to be taken

. Fig. 4.13 Schematic approach to assess and evaluate ES in different scenarios
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 z 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 7 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:

 5 First scenario: Abandonment of livestock
 5 Second scenario: Biomass production for en-

ergy purposes
 5 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.

 z 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 

0
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3

4

5

Biomass production for 
energy purposes

Raw materials for 
industrial needs

Spiritual value of 
landscapes

Provision of drinking 
water

Outdoor recreation 
opportunities

Pollinating insects

Biodiversity

Water retention

Prevention of soil 
erosion

Carbon fixation

Profit for farmers

Fodder for livestock

Current land use Increased cultivation of corn for energy purposes Cultivation of short rotation coppice

. Fig. 4.14 Exemplary diagram of ES modification by energy crop cultivation
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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.

 z Monetary Approaches
Many ES can have economic values, e.g. a demand 
for ES on markets exists or the provisioning or 
maintenance has costs (Baumgärtner 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 (Kächele 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 
(7  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 (Brüggemann 2009).

 z 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.

 z 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 (Müller et al. 2000). Participa-
tion means active involvement of stakeholders and 

other interest groups in decision-making (UBA 
2000; Förster 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 (7 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.I.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.

 z 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).

4.4.3 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, 
7  www.naturalcapitalproject.org), Artificial Intel-
ligence for Ecosystem Services (ARIES, 7  www.
ariesonline.org), the BGS ecosystem services model 
(7 www.bgs.ac.uk) and Multi-scale Integrated Mod-
els of Ecosystem Services (MIMES, 7  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-

bination with ArcGIS (ESRI), which provides the 
cartographic representation of the ecosystem ser-
vices evaluation. Meanwhile, a cooperation with 
Idrisi is also under development (7 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-

http://www.uvm.edu
http://www.uvm.edu
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system service as presented in 7 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.

. Table 4.4 Terrestrial InVEST-models for assessment of ecosystem services (Tallis et al. 2011; date: May 2012)

InVEST-Modules Ecosystem Services Indicators, partial results and intermediates 7 Sect. 3.2

Biodiversity Habitat quality – Habitat quality
–  Relative level of habitat degradation
–  Relative habitat rarity

R.11

Carbon storage 
and sequestra-
tion

Economic value of car-
bon sequestered

–  Amount of carbon stored
–  Difference of carbon stored in future and 

current landscape
–  Volume and biomass of forest management

V.6; V.8; R.2; R.3

Reservoir 
hydropower 
production

Economic benefit of hy-
dropower production

–  Total water yield per sub-watershed
–  Mean water supply yield volume per sub-

watershed
–  Total energy produced per watershed (in kWh)

V.12; R.5

Water purifica-
tion: nutrient 
retention

Economic benefit of 
nutrient retention by 
filtration

–  Total water yield per sub-watershed
–  Total amount of nutrient retained by each 

sub-watershed (in kg)
–  Mean amount of nutrient retained

R.5; R.6

Sediment reten-
tion

Avoiding costs of sedi-
mentation (for dredging 
and water treatment)

–  Total potential soil loss per sub-watershed
–  Mean sediment retained on each sub-

watershed

R.7

Managed timber 
production

Net present economic 
value of timber produc-
tion

–  Volume and biomass of forest management V.6; V.8

Crop pollination Potential value of the 
pollinator supply for each 
agricultural land use to 
crop production

–  Potential likely abundance of a pollinator 
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

R.10
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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’ (7  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 Görlitz 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 Görlitz. 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 km2 is located in the border 
area of Germany, the Republic of Poland and the 

Model InVEST

The scenario tool InVEST can be 
downloaded from the website of 
the Natural Capital Project (7 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 

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 

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.
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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 (Umgebindehäuser) 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 (7 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 
(.  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 

. 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 Görlitz)

      



123 4
4.4 •  Complex Analyses, Evaluation and Modelling of ES

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 (.  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 coefficient 
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.

 (4.1)

Rj represents the degree of change of the individual 
land uses in the study area compared to the base 
year, Nj defines the area size of individual land 
uses in the base year and the current year. Is 
Nj  ≥ Nj base year , so Rj  ≤ 0 and the result is Rj  = 0, 
otherwise there is a change in land use and Rj is 

1= −
base

j

 
j

j year

N
R

N

greater than 0. The output of the calculation results 
in a grid, which values of Rj 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 (.  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 (Dxj 
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 (Qzj) is calculated as an index 
by merging the aggregated degradation Dxj (includ-
ing the half-saturation value k) with the reclassi-
fied land-use classes represented as habitat quality 
values (Hj). 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.

 (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 Görlitz, 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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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 (.  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 (. 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 Görlitz 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.

. Fig. 4.16 Results of the assessment of InVEST model habitat quality in the diestrict of Görlitz for 1992 (left) and 2005 
(right) 
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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 Görlitz.

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 

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 comple xity 
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 (7  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 
et al. 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 



126 Chapter 4 • Ascertainment and Assessment of ES

4

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 
evalu ated ecosystem services to be compared and 
weighed up against other and to communicate their 
results (Holfeld et al. 2012).

4.5 Communicating ES

K. Anders

4.5.1 The Importance of 
Communication

In recent years, an entire new field 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, ‘I’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.’

4.5.2 ‘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 (7 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-

ous levels having been clearly defined. Wilson and 
Piper (2010) characterised the ES use of language 
‘as a route 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; 7 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 (. 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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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.

4.5.3 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 

. Fig. 4.17 At the meeting of the German section of the International Association for Landscape Ecology (IALE-D) in 
2010 in Nürtingen, 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
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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 a result, 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 judg ment 
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. Büscher 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’”.

4.5.4 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 

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: ‘Is 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.

 z 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 
Schröder (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?

 z 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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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 
Adomßent 2004), which again moves closer to the 
mechanistic understanding described at the outset.

 z 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 (Adomßent 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, 

. 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
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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. Theßenvitz 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.

 z 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, 
at least 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.

 z 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 Rieß 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 (7 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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 z 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-

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 (Ivanišin 2006), which is ulti-
mately oriented towards the qualification of space-
related discourse.

Outlook
Let us here summarise the essential statements as 
theses:

 5 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.

 5 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.

 5 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:

 5 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.

 5 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.

 5 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.

 5 Campaigns can be used effectively, but ulti-
mately they constitute more of a service institu-
tion than an ecosystem service.

 5 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.

 5 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 I want 
to address, i.e. within which issue contexts will 
I want to place a contribution which is to be 
communicated?’
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