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Abstract
There is a rapidly growing body of literature on the theory about the ecosystem service concept and the practical assessment of
ecosystem services in different contexts ranging from natural to urban environments. Yet, where does the concept reach its limits?
This paper critically reflects the application of the ecosystem service concept in urban environments illustrating the handling of
urban structures (incl. built-up areas) and the risk that the normative principle of the concept could be missed. It is shown that in
theory urban structures refer to a variety of ecosystem concepts. As a starting point for ecosystem service assessments, these could
be classified into natural, managed, constructed and overbuilt systems. Since ecosystem service concepts do not directly refer to
a specific ecosystem definition, but to biophysical structures and processes, all of these classes could be included. However, the
dependency on context and scale makes a differentiation in practical ecosystem services assessment challenging. We conclude
that the ecosystem service concept does not reach its limits in urban environments, but urban environments represent an extreme
case characterized by multifunctionality and a high degree of modification that enables to uncover research challenges applying
in any environment. There is a need for a more transparent reporting of theoretical and methodological assumptions to facilitate
the comparability between ecosystem service assessments. Comprehensive approaches that consider multiple ecosystem services
and include human input, human modification, the ecosystem status as well as their interactions are required to understand the
spatial relations between ecosystem services delivered by different ecosystems.
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1 Introduction

A

fter the milestone publications of Ehrlich and
Ehrlich (1981), Daily (1997), Costanza (1997)
and the Millennium Ecosystem Assessment (2005),
the concept of ecosystem services has been widely
recognized by scientists of various disciplines. It has
developed into a productive framework resulting in
a rapidly growing number of case studies (MartínezHarms & Balvanera, 2012) dealing with the valuation
of benefits derived from ecosystems. Initially, most of
these studies were concerned with natural or seminatural areas such as forests, wetlands, peat bogs
and natural grasslands, wherein results could serve
as an (additional) argument for nature conservation.
Recently, the number of studies performed in urban
environments dealing with urban ecosystem services
has increased (Haase et al., 2014). Yet, the basic idea
of the ecosystem service concept, is to give a value
to the benefits derived from ecosystems, referring to
the internalisation of the intangible values of nature
into decision making; in a way that “[...] everyday
decision and behaviour will be channelled toward a
future in which nature is no longer seen as luxury
we cannot afford, but as something essential for
sustaining and improving human well-being” (Daily
et al., 2009, p. 27). This gives way to the question of
whether in this context all kinds of urban structures
(including built-up land) can be regarded as nature
or ecosystems and thus the ecosystem services
approach applies. Interestingly, while this question
is frequently raised in the context of conference
discussions it is hardly ever addressed in publications.
Thus, the objective of this paper is to illustrate the
ongoing scientific discussion on the overall question
‘Does the Ecosystem Service Concept Reach its Limits
in Urban Environments’ by compiling arguments
from literature and conversations with colleagues
from different disciplines.
The discrepancy between conference discussions
and publications in dealing with this issue is rooted
in two different suppositions in the field of urban
ecosystem service research. Firstly, there is a general
acceptance that the definition of the ecosystem
concept is contested and very flexible. As defined by
Odum et al. (1971, p. 8) an ecosystem is “any unit

that includes all of the organisms in a given area
interacting with the physical environment so that
a flow of energy leads to a clearly defined trophic
structure, abiotic diversity and material cycling”.
Thus the concept might be applied in “any case
where organisms and physical processes interact
in some spatial arena”(Pickett & Cadenasso, 2002,
p. 2). Therewith, an application of this ecosystem
concept in any urban structure including built-up
land is scientifically valid. Nevertheless, apart from
the core definition, the ecosystem concept needs to
be specified with regard to the case study, resulting
in a variety of models (Pickett & Cadenasso, 2002).
Secondly, the ecosystem service concept is often
criticized as it could promote an exploitative humannature relationship and due to the danger that the
intrinsic value of nature in its own right is depreciated
or ignored (Schröter et al., 2014). These issues are of
high relevance in urban environments considering
the human impact and effects of urbanisation.
In this context regarding all urban structures as
ecosystems seems problematic, because it could
imply that there is no need for nature conservation
as the “destruction of nature” leads to a new kind of
ecosystem. Conversely, most papers on ecosystem
services in cities emphasize urban nature’s value
with its benefits for humans. It can be argued, that
the critique is countervailed by the underlying aim,
namely to give environmental interests a higher
status in decision-making. Showing the functionality
of ecosystems could facilitate nature conservation
and does explicitly not exclude the intrinsic value
of ‘nature’ (Schröter et al., 2014). However, an
inclusion of all kinds of urban structures could imply
that humans are able not only to enhance ecosystem
services but also to create them artificially. For
instance, in-situ rainwater infillment areas are based
on a completely artificial but extremely effective
substrate. Such an application contradicts the
meaning of the ecosystem service concept, because
here e.g. the regulation of water of an intact (natural)
river system is valued, especially because technical
measures (e.g. dam) are dispensable. Consequently,
a general inclusion of all urban structures into the
ecosystem service concept involves the risk that
the normative principle of the ecosystem service
concept is missed. Nevertheless, there are examples
showing that urban structures contribute to the
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provision of ecosystem services (Haase et al., 2014;
Milcu et al., 2013).
Resulting from human activities, urban areas
combine the dominating built-up structures with
open spaces. The latter are referred to as urban
blue and green areas, that are in the focus of most
ecosystem service assessment studies performed in
urban environments (Haase et al., 2014). Thus we
can safely argue that urban green and blue spaces
provide a lot of different ecosystem services in the
urban context (Bezák & Lyytimäki, 2011). In terms
of land use classes, built-up space mostly refers
to housing, industry and transport (Larondelle et
al., 2014a). These land use patterns include sealed
surfaces (e.g. streets) and built-up ones (e.g. houses)
alongside various different types of ecosystems
such as private gardens, street trees, and pastures.
Against this background, it appears reasonable to
scrutinize whether or not the ecosystem service
concept can be applied if only man-made ecosystem
components are involved. However, human activities
have profound impacts on ecosystems worldwide
(Mooney et al., 2009). In this context, it represents
a challenge to distinguish natural from semi-natural
and cultivated man-made systems (de Groot et
al., 2010) and to decide whether they could be
regarded as ecosystems – or if their services could
be defined as ecosystem services. However, if urban
structures and the human dimension are ignored or
oversimplified, studies devised to reduce ecological
impacts could fail to identify underlying mechanisms
(Alberti, 2005).
This paper aims at providing an overview on
ecosystem service approaches in urban environments
and discussing the handling of urban structures as
subjects capable of providing ecosystem services or
not. This problem is directly connected to the link
between the ecosystem definition and the ecosystem
service concept, which often remains vague, but
is a key issue in the urban context. Against this
background, we firstly address the challenge to draw
a definite borderline to distinguish ecological and non
ecological urban structures referring to the question
1) Which urban structures can be differentiated as a
starting point for ecosystem service assessments? We
discuss the ecosystem concept in the urban context

and propose a more distinct classification of types of
urban ecological structures. These classes serve as
a basis to reflect upon the theoretical applicability
of different ecosystem service concepts to answer
the question: 2) Which services provided by urban
structures can be understood as ecosystem services?
We particularly discuss whether different urban
structures should be included in existing ecosystem
service frameworks or if adaptations and extensions
are needed. Thirdly, different ecosystem service
assessment approaches are reflected referring to
the question 3) Are the theoretical considerations
and differentiations viable in ecosystem service
assessment? Finally, we discuss implications for
the applications of the ecosystem service approach
in urban environments and reflect upon the key
question whether the ecosystem service concept
reaches its limits in urban environments.
This communication and opinion paper is based
on broad literature knowledge and own expert
knowledge. Throughout the discussion process in
the development of this paper, key issues have been
identified, which are summarized for each section.
These key issues relate on the one hand to decisive
theoretical points of the section. On the other hand,
they relate to pending research questions or issues
with controversial viewpoints.

2 Urban areas – built-up ecosystems?

T

he theoretical foundation for ecosystem services
in urban areas is less specific than for e.g. forest
landscapes. There is no standardized definition for
urban areas (Gómez-Baggethun & Barton, 2013;
Haase, 2014) and the borders between urban, semiurban, agricultural and natural areas remain fuzzy
(Bezák & Lyytimäki, 2011). Thus in practice a city’s
boundary, either refers to administrative units or is
defined based on e.g. population density or to the
amount or share of the built-up areas. However, most
ecological processes exceed those boundaries, thus
it is feasible to consider areas from the urban core to
the hinterland as urban region (Gómez-Baggethun
& Barton, 2013). In this regard, the functioning of
ecosystems in a city refers to the “ecology in cities”,
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whereas the interconnections to the surrounding
landscape refer to the “ecology of cities”(Jansson,
2013). The significant impacts of urbanisation result
in complex interactions between economic, social
and ecological processes (Alberti, 2005).
2.1 The ecosystem concept
The term and concept of the ecosystem originated
with Tansley (1935). An ecosystem in its common
usage is considered a biotic community plus its
abiotic environment and their interrelationships.
It is considered an entity that subsumes a discrete
community. Applied in cities this includes humans
(biotic) and their built-up structures (abiotic)
alongside flora, fauna and their abiotic environment.
As Bolund & Hunhammar (1999) put it: „When
humanity is considered a part of nature, cities
themselves can be regarded as a global network
of ecosystems“. Moreover, they stated that a city
could be defined as either one ecosystem or an
assembly of ecosystems. The latter allows reflecting
the individual entities in a city. Kowarik (1992)
differentiates between four types of nature in cities:
1) remains of the original natural landscape
2) cultural landscapes
3) horticultural designed green spaces and
4) specific urban / industrial nature.
In line with the previous arguments, the first and
probably the second type fit into the definition of
an ecosystem in a strict sense with regard to the
biotic and abiotic aspects. The third and the fourth
type of nature acknowledge that the biotic as well
as the abiotic conditions have been significantly
altered by humans. These can be referred to as novel
ecosystems (Kowarik, 2011). Novel ecosystems as
defined by Hobbs et al. (2006, p. 2) are characterized
by novelty and human agency and “result from biotic
responses to human induced abiotic conditions and/
or novel biotic elements”. All types of ecosystems
in urban regions could be regarded as novel
ecosystems as the biotic and abiotic conditions have
been altered and also near natural ecosystems are
heavily influenced by the urban surroundings. Yet,

agricultural systems are heavily manipulated as well,
thus could be regarded novel ecosystems.
The Total Human Ecosystem is defined as the
complex sum of all landscapes, interacting and
integrating with human beings (Naveh & Lieberman,
1994; Naveh, 2000). This approach is suggested as
a guiding conceptual principle for a transdisciplinary
and systems-based approach to landscape ecology.
In summary, a city is a total human ecosystem, while
some parts of a city can still be regarded as ecosystems
in a strict sense, some are novel ecosystems and
some are not at all ecosystems in the classical sense.
Through time there has been a conceptual shift in
science focussing on processes instead of structural
entities (Currie, 2011). “A process-oriented approach
frames ecosystem processes as one integrated
subset of processes operating across scales, but not
necessarily all of the processes that operate within a
boundary, to create an entity called the ecosystem”
(Currie, 2011).
2.2 Urban structures
In urban regions, the level of ecosystem
transformation covers the whole range from original
natural to novel urban ecosystems (Kowarik, 2011).
Ecosystems converted to another type of land cover
can be characterized by management or land use
types (de Groot et al., 2010). The different types of
urban structures we have to deal with are shown in
Table 1. Urban land use is characterized by a high
degree of and huge variation in imperviousness
(Breuste et al., 2013a; Haase, 2014), thus the degree
of ecosystem transformation is indicated by the
mean percentage of sealed surface and built-up
area (Table 1). Sealed surface can be defined as the
sum of paved surfaces, asphalt and built-up, while
built-up area consists of all forms of houses such as
detached, terraced or multi-story houses, but also
include industrial or factory buildings or buildings for
mixed use (Pauleit & Duhme, 2000). The vegetation
cover indicates the degree of naturalness, which can
be related to the four types of urban nature.
Studies on ecosystem services frequently focus
on urban blue and green areas (Table 1). Those
in principle include all terrestrial and aquatic
ecosystems within the urban areas ranging from
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urban forests to sports fields and from lakes to
ponds (Kabisch & Haase, 2013). Remains of original
nature (1st type of nature) are scarce to non-existent
in cities, but might be found in woodlands, urban
forests, lakes, ponds and streams as such here the
strict ecosystem definition could be applied. The
other types of urban blue and green areas could be
referred to as ecosystem as well, due to the high
share of vegetation or water body habitats. Yet,
the degree of human influence is high in terms of
management and pollutions, thus the concept of
novel ecosystems applies, but a differentiation into
the types of nature is difficult. The group of urban

agriculture includes arable fields (2nd type of urban
nature) and horticulture (3rd type of urban nature),
that can be regarded as ecosystems. However, the
biotic and abiotic components are continuously
heavily managed and human input is very high
(Knapp, 2014). That raises the question what role
the aspect of human impact plays when evaluating
whether the ecosystem concept still applies. In
order to consistently integrate this constellation
within a conceptual framework, one can argue that
urban structures could be handled alike all managed
ecosystems.

Table 1: Overview of the urban structures including built-up spaces and open spaces. % refer to the mean percentage
shares of unit area. Adapted after Haase & Nuissl (2010), Urban Atlas data base (Larondelle et al., 2014a) and Pauleit
& Duhme (2000).
Urban structures

Built-up space

Housing

Industry

Transport

Open space

Urban
Blue
Urban
green

Urban
agriculture

Detached houses
Terraced houses
Multistory houses
Multistory blocks
Factory buildings
Multistory/factory buildings
Mixed use
Special buildings
Construction sites
Large car parks
Roads
Railways
Airports
Port areas
Lakes and ponds
Streams
Woodlands
Hedgerows/woodlots
Parks and green spaces
Cemeteries
Allotment gardens
Sports fields
Meadows and pastures
Extensive grasslands
Land without current
use(brownfield)
Arable fields
Horticulture/nurseries

Sealed
surface (%)

Built-up (%)

Vegetated
(%)

30.5
46.4
51.5
79.9
46.3
75.7
36.7
50.0
8.0
59.3
90.8
7.4
85
85
0.0
9.3
0.5
13.3
12.7
2.3
16.1
14.1
7.7
1.8
10.12

15.3
29.0
29.5
44.3
23.9
35.2
22.0
22.5
3.9
5.8
0.2
1.2

66.8
52.5
43.8
19.1
31.8
12.8
59.1
41.3
16.0
15.9
6.9
8.1

0.0
0.3
0.0
0.7
0.9
1.3
11.0
3.7
4.1
0.3

0.0
52.8
96.7
83.4
77.6
88.0
77.2
73.6
88.1
80.1

1.2
25.1

0.2
19.9

96.7
68.8
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Considering the group of built-up spaces an
ambiguous picture can be recognized, e.g. terraced
houses with ca. 50% of sealed and vegetated
area plus 29% of built-up area (Table 1). That is
attributable in particular to the following two points.
First, the urban land use classes represent a pattern,
not a single patch. Whether we look at a single
(potentially natural) patch or a mosaic of built-up
structures and natural components is essentially
a problem of scale. With regard to urban planning
one can differentiate e.g. four different scales:
building, street, neighbourhood, region (GómezBaggethun & Barton, 2013). Secondly, these scale
problems exacerbate in urban environments that
exhibit another “vertical” dimension of scale. That
means one patch could include built-up structures
(e.g. a house) and ecological structures (e.g. green
roof) at the same time. Therefore, urban land use
has a unique multifunctionality (Haase, 2014). In
the evaluation of the practical applicability of the
ecosystem concept those scalar issues have to be
considered. Urban green includes also yards and
gardens that can be attributed to the categories
of housing (Table 1). Industry and transport (Table
1) could contain green areas by means of street
trees and lawns in front of buildings. Those small
and scattered areas belong to what is described as
urban green infrastructure. This includes not only
urban blue and green, but also private gardens,
roadsides and rail yards meaning all areas neither
covered nor sealed. In addition single trees, green
walls, and green roofs can be regarded as part of
the green infrastructure (Wang et al., 2014). In the
planning context green infrastructure is designed
and managed to deliver a wide range of ecosystem
services (EC, 2013) addressing the (sub-regional)
network of green spaces (Bezák & Lyytimäki, 2011).
However, it is questionable whether in this context
the overall network represents an ecosystem with
its interacting biotic community or whether the
single components (e.g. a street tree) already
represent an ecosystem. This question feeds back
to the problem of scale pointing at the fact that the
ecosystem is a theoretical construct, for which the
definition depends on the particular problem under
consideration.

2.3 Types of urban ecosystems
Taking a process-oriented approach in defining
urban ecosystem (cf. section 2.1) allows for the
inclusion of urban built-up structures while focussing
on ecological processes that contribute to human
well-being. However, considering the initial aim
of the ecosystem service concept (cf. section 2) to
prevent natural and semi-natural ecosystems from
impairment by pollution, erosion, disturbance of
species or land consumption by built-up areas, the
process definition could be too broad. Urban regions
are strongly shaped by humans wherein natural,
cultural, and built-up areas are closely intertwined.
In the resulting complex human-environmental
system, we have to deal with very different types
of (potential) ecosystems that relate to different
ecosystem definitions.
Humans are an interactive component of the system
enhancing and destroying the basis for ecosystem
services, by disrupting ecosystem processes
through e.g. ploughing, water extraction and city
building (Mooney et al., 2009). Thus, although
urban environments are an extreme case, most
of the ecosystems on earth are modified or even
artificially created and maintained by humans. It
represents a challenge to draw a definite borderline.
We propose a more distinct classification of types
of urban structures (Figure 1) considering the
degree of naturalness (regarding original ecosystem
components), the ecosystem definition and humaninduced changes (biotic or abiotic, process or
structure). Hemeroby as described by Sukopp (1969)
is an index that measures the human influence on
ecosystems considering the intensity, frequency and
the spatial extent of the disturbance. Accordingly, in
order to take account of the specific characteristics
of urban environments, we differentiate between
human modification and input. Modification refers
to human activities that alter (long-term) biophysical
structures by soil sealing, selection of species etc.,
which provoke a development from natural to
constructed ecosystems as illustrated in Figure 1.
Human input refers to human activities that are
aimed at influencing (short-term, continuously)
mainly biophysical processes by cutting, fertilizer
input etc., which is highest for managed and
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constructed ecosystems (Figure 1). The transition
between both classes of human activities can be
fluent, for example, the high human input with
regard to agricultural practices on the long term
essentially modifies the biophysical structures.
The human input mostly refers directly to the
optimization of a particular ecosystem service.
The human modification mostly refers to spatial
development (e.g. soil sealing related to settlements)
impairing ecosystems and related services. However,
depending on architectural style and construction
material some ecosystem components may remain.
• Natural or near-natural ecosystems, that relate
to the ecosystem definition in a strict sense,
though these areas might have been altered
during early urbanisation, the human influence is
low. Examples may be some lakes, rivers, forests,
wet areas.

In Figure 1, the proposed classes are assigned to
main groups of urban structures (cf. Table 1). To
exemplify, “natural or near-natural ecosystems” are
characterized by a low degree modification, low
input and high share of original natural components,
which can mainly be found in urban blue and green
areas and to less extent in urban structures labelled
urban agriculture. Although, the proposed types
of urban ecosystems are not mutually exclusive, as
the distinctions are fuzzy, the classification attempts
to clarify the differences between the structures
that need to be dealt with in urban environments.
It remains an open debate, whether all classes
could be considered ecosystems. The main issues
we encountered during discussion are summarized
in the box below. Nonetheless, the proposed
classification allows for a more structured approach
to discussing whether the ecosystem service concept
can be applied.

• Managed ecosystems are still based on
original ecosystem components, but these areas
are continuously influenced and managed by
humans. This class includes for example arable
fields, historical cultural landscape elements (e.g.
heaths, cemeteries), parks, but also parts of the
green infrastructure like gardens and roadsides.
• Overbuilt (eco)systems refer to all built-up or
sealed areas where the human modification is
very high, but some ecosystem components are
retained. These relate to the broad concept of the
novel ecosystems and the ecosystem definition
focussing on processes, as the rudimentary
ecological structures are hardly quantifiable.
Examples are parking lots with grass pavers, and
other areas where ecological processes are taking
place.
• Constructed (eco)systems relate to systems
without original ecosystem components, but with
man-made ecosystem structures that form new/
artificial habitats and the associated biocenosis.
These systems may be regarded as parts of the
Total Human Ecosystem (Naveh, 2000). However,
they could also be regarded an ecosystem in
terms of a process related definition as ecological
processes are taking place. Examples are green
roofs, vertical gardening, green bridges and canals.

Figure 1: Types of urban ecosystems. The darker the
grey the higher the potential proportion of the urban
ecosystem type within the individual urban structure
classes. Accordingly, the green colour gradient indicates
the natural components remaining and the ecological
processes taking place. The brown colour scheme
illustrates human input and modification the darker the
colour the higher is the human influence.
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Key Issues
•	Humans are at the same time part of the
system and the main actors that change the
system properties that are relevant for the
definition of ecosystems.
•

The transition between human input and
modification is fuzzy.

3 Conceptual considerations

I

n the Millennium Ecosystem Assessment (MEA,
2005, p. V) ecosystem services are described as
“the benefits people obtain from ecosystems”. The
development of detailed terminology, concepts and
frameworks on ecosystem service classification,
functions, values, and benefits are still part
of a lively scientific discourse (de Groot et al.,
2010; Hermann et al., 2011). There are different
classification schemes for ecosystem services
(Hermann et al., 2011). In general, provisioning/
production services, regulating services and cultural
services are distinguished (Burkhard et al., 2014;
MEA, 2005). It has been shown that examples for
all of them are found in urban environments, but
often case studies focus solely on one category
(Haase et al., 2014). Lamarque et al. (2011)
compare various concepts including ecological
services, ecosystem services, landscape services,
land functions and environmental functions. They
conclude that the approaches differ in the intensity
of ecological knowledge required, in the objective
and the relevance at different scales. It needs to
be acknowledged that the different concepts are
not mutually exclusive, but points of discussions
are related to particular definitions and distinctions
between the elements of the framework. As such,
in order to capture the multiple dimensions and
specific aspects of the ecosystem service concept,
it is currently common ground that a detailed
approach tailored to the purpose of a study is
needed (Hermann et al., 2011). In this section, we
elaborate whether the different urban structures
natural, managed, overbuilt and constructed could

or should be included under known frameworks or
where adaptations and extensions are necessary.
3.1 Applicability of ecosystem service frameworks in
urban areas
Treating urban systems as ecosystems is consistent
with the Millennium Ecosystem Assessment, where
in relatively undisturbed as well as intensively
managed and modified areas are included in the
ecosystem service concept (MEA, 2005). However, it
also states that not all urban systems are necessarily
ecosystems and specify that “ecosystems are
understood to be biophysical systems, and the value
of ecosystem services is assumed to be distinct from
the value intentionally added through the application
of human labor” (MEA, 2005, p. 799). Thus, although
the MEA mentions that not only natural ecosystems
should be included, it remains unclear whether
or not to include overbuilt and constructed (eco)
systems, because “human labor” is not specified.
The different aspects of the ecosystem service
concept were presented by Haines-Young and
Potschin (2010) as a cascade starting with structures
and processes that exhibit functions, which turn
into services if used, ending up with the benefits
people derive. In contrast, the Ecosystem Properties
Potentials Service (EPPS) framework includes a
special focus on ecosystem potentials to provide
ecosystem services independently of their use
(Bastian et al., 2012, 2013). Herein the ecosystem
properties are described by structures and processes.
The first block of the ecosystem service cascade does
not directly refer to ecosystems, but to “ecological
structures and processes created or generated by
living organisms” (Haines-Young & Potschin, 2010,
p. 115). Müller et al. (2010b) refer to this first block
as “biophysical structures and processes”. Thus,
the concepts refer to both, the broad process and
entity related ecosystem definitions (cf. section 3).
By definition in all four types of urban structures (cf.
section 2.3), ecological processes are taking place
that contribute to one or more ecosystem services.
Yet, whether the structures within all four types of
urban structures can be regarded as being ecological
is questionable. In this context the different
ecosystem service frameworks remain unclear on
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the question whether it would be sufficient if either
structures or processes were ecological, as a basis
for the provision of ecosystem services. Urban builtup structures could be regarded as being physical
structures that exhibit special properties for living
organisms that generate ecological processes.
There is a need to clarify, which level of human
modification (Figure 1) marks the borderline to
distinguish urban structures which – in a concrete
case – could be regarded as ecosystems from those
which cannot, and additionally to distinguish those
which can provide ecosystem services from those
which cannot. However, this point of discussion
corresponds to the line of argument concerning the
ecosystem definition (section 2).
A refinement of the ecosystem service definition by
Burkhard et al. (2012a) underlines the integration
of a human management component by integrating
contributions of ecosystems “in combination with
other inputs” into the definition. As described in
section 2.3 ecological structures and processes
are influenced by human input and modification.
Accordingly, at the starting point all urban structures
(or any system), could be the object/area of study in
ecosystem service assessments, as the examination
of structures and processes as well as input and
modification would allow for distinguishing between
ecosystem services and man-made services.
However, modifications and input are interacting as
well as structures and processes. It still represents
a scientific challenge to take systematic account
of the effects of human influences on ecosystems,
ecosystem services and related values (Burkhard et
al., 2014; Daily et al., 2009; de Groot et al., 2010).
For example, the intensive management practices
influencing structures and processes in agricultural
systems make it very difficult to distinguish the
human input and the service actually provided by
the (managed) ecosystem (Burkhard et al., 2014).
The potential approach in the EPPS framework
(Bastian et al., 2012) emphasizes the importance
of biophysical prerequisites and conditions of
ecosystems. Although, the EPPS framework
in principle refers to ecosystems, it bears the
opportunity also to deal with all urban structures.
To exemplify, in a parking lot ecological structures
are modified to a high degree, but with grass pavers

some ecosystem structures (e.g. grass, soil) and
processes (e.g. water cycle) could be maintained.
Taking the EPPS approach would allow to focus on
the potential for ecosystem services in overbuilt
(eco)systems and therewith indicating options for
land use management favouring ecosystem services.
However, what would it mean if in a parking lot
artificial substrates were introduced to stabilise the
pavers, which allows grass to grow on top? Could the
water flow regulation be still an ecosystem service,
whereas the services provided by the grass are manmade? In principle, ecosystems might be man-made
(constructed ecosystems), but services provided by
an artificial substrate are not defined as ecosystem
service. There is a gradual transition between natural
and human influences related to an increasing share
of artificial or technical material. In this connection,
the question how to deal with an artificial element
that promotes ecological processes is not explicitly
addressed in the concepts.
An area that is not considered an ecosystem cannot
contribute to the supply of ecosystem service.
However, considering entire landscapes the term
landscape services could be applied, as it refers not
only to ecosystem features, but also to landscape
elements. Vallés-Planells et al. (2014) proposed the
application of the concept of landscape services in
a broader sense integrating contributions to human
well-being by ecosystems and human process
including other man-made services like “living
space”. Yet, carried to extreme it would mean to
value nature just for the area it provides, which
would be contrary to the normative principle of the
ecosystem service concept. We argue that landscape
services are a specification of the ecosystem service
concept, where in the landscape character, landscape
elements and spatial interaction between patches
are of relevance (Bastian et al., 2014; Termorshuizen
& Opdam, 2009). The term landscape services is not
exclusive and might also be applied for ecosystems
wherever it is meaningful e.g. considering complex
entire landscapes.
3.2 Normative principles of the ecosystem service
concept
From a scientific point of view the concepts discussed
so far, allow for an inclusion of all urban structures in
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the assessment of ecosystem services. This brings us
back to the question whether considering services
provided by highly modified systems as ecosystem
services is still consistent with the normative
principles of the ecosystem service concept
(referring to contributions of ‘nature’ as described in
the introduction). It might be misleading if the value
of natural ecosystems could be equal to constructed
(eco)systems. In this context Hobbs et al. (2006) state
that the relative value of novel ecosystems should be
seen in relation to the ecosystem services lost from
the other ecosystem type. To characterize ecosystem
performance not only ecosystem services, but also
the ecosystem state should be considered (Müller et
al., 2010b). In this regard, ecosystem structures and
processes determine the state of the system, which
depends on ecological integrity (Müller & Burkhard,
2012). The concept of integrity refers to the selforganizing capacity of the system (Müller & Burkhard,
2012) and includes several structural and functional
variables to determine the status of the ecosystem
(Burkhard et al., 2012b; Kandziora et al., 2013;
Müller et al., 2010a). Thus, special attention needs
to be devoted to the issue of long-term ecosystem
integrity, as it could be used to differentiate between
services provided by ecosystems and other manmade systems (Currie, 2011).

service supply capacity decreases, while the relative
importance (for well-being) increases. Thus, with
regard to the supply-demand relation, a constructed
ecosystem is certainly of low relevance in rural areas,
but of very high relevance in urban areas. That is
also true for the ecological importance for example
in terms of ecological connectivity or the provision
of habitat. Consequently, an inclusion of all urban
structures as ones providing ecosystem services is
not only consistent with the normative principles of
the ecosystem service concept, but of high interest
due to the deficit in supply in urban environments.

The ecosystem service concept considers not only
ecological structures and processes, but also human
benefits and values, and thus is a tool to analyse
social-ecological systems (Müller et al., 2010b;
Spangenberg et al., 2014). Both the ecosystem
service supply and demand are considered (Burkhard
et al., 2012b, 2010a). The supply refers to the
capacity of an area to provide ecosystem services
and the demand refers to the sum of all ecosystem
services currently and potentially being used in a
particular area (Burkhard et al., 2012b). The relation
between supply and demand is of special interest
when discussing the importance of the different
urban structures in providing ecosystem services.
In cities, on the one hand, there is a strong spatial
proximity of supply and demand. On the other hand,
the demand side is very prominent, as there is a
scarcity of ecosystems faced with a high density of
beneficiaries (Gómez-Baggethun & Barton, 2013).
Hence, in urban environments the ecosystem

4 Assessment methods

Key Issues
•	Is it feasible and useful to consider structures
and processes separately in the definition of
ecosystem services?
•	Urban ecosystem services result from a
mixture of anthropogenic activities and
natural processes. There are gradients
regarding human input, human modification
and ecological factors. What if artificial
elements support ecological processes?

S

o far, the discussion focussed on theoretical
considerations regarding the basic ecosystem
concept and the different ecosystem service
frameworks. These preliminary considerations of
any study in an urban environment are a basic part
of scientific research, but a common shortcoming
is the adequate and transparent reporting of
approaches and associated methods (MartínezHarms & Balvanera, 2012; Seppelt et al., 2012). In
accordance, it is often not possible to trace back
arguments and information that led to the decision
on including or excluding urban built-up structures
within a proposed assessment approach. There are
various different approaches to assess ecosystem
services, that can roughly be differentiated into
monetary, non-monetary, ecological and socio-
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cultural approaches (Haase et al., 2014; Hermann
et al., 2011). This chapter attempts to discuss
methodological considerations with regard to the
inclusion of urban structures.
4.1 Restriction of the study area
Frequently urban ecosystem service assessments
start with a focus on green and blue areas, thus
primarily refer to natural and managed ecosystems.
As discussed based on the strict ecosystem
definition, it is feasible to argue that urban builtup structures (including overbuilt and constructed
(eco)systems) are no (relevant) ecosystems, thus
should not be valued at all. This refers to the scale
of the study in terms of the geographical spatial
boundary of the study area and the categorical
decision (e.g. the whole city or specific blue
and green areas within this city). Consequently,
ecosystem service maps contain multiple blind
spots. That does not mean that these areas include
no ecosystems, it rather simply refers to areas that
have not been assessed. Here, various examples can
be found assessing special types, such as managed
ecosystems, e.g. urban parks (Breuste et al., 2013b;
Voigt et al., 2014), but there are also examples
regarding constructed ecosystems, e.g. green roofs
(Oberndorfer et al., 2007). These approaches apply
an entity based ecosystem definition, but circumvent
the problem of differentiating between the different
types of ecosystems. That in turn bears the risk
that the respective values of the single studies
might be compared against one another, without
consideration of differences in terms of ecosystem
integrity, human input or modification.
4.2 Data constraints and the problem of scale
Land use and land cover based assessments are
frequent (Martínez-Harms & Balvanera, 2012). In
this context, in the beginning the overall city border
or the functional urban region (Larondelle et al.,
2014a) sets the boundary of the case study area in
most cases. Often ecosystem service assessments are
based on pre-classified land use / land cover data such
as CORINE land cover, Urban Atlas database or ATKIS
data (German Official Topographic-Cartographic

Information System) ranging from broad to fine
resolution (Burkhard et al., 2010a; Kabisch & Haase,
2014). Here, methodological difficulties often arise
from the mixture of information on land use and
land cover within one dataset (Breuste et al., 2013a).
The bigger the area under consideration and the
lower the resolution, the higher is the probability
that present ecosystems might be missed or built-up
structures might be included in ecosystem service
assessments pointing at the problem of scale. To
exemplify, treating settlements not as ecosystem
excludes smaller ecological structures (e.g. private
gardens) from analyses and treating parks as
ecosystem includes non ecological infrastructure
elements (e.g. roads, houses) in the analysis,
respectively. Though, the challenge of scaling issues
and the need for multi-scale approaches is often
indicated in literature (Alberti, 2005; Burkhard et al.,
2010b; de Groot et al., 2010), a detailed description
of associated methodological considerations is rare.
Researchers are facing considerable challenges in
terms of data availability and statistical methods
(aggregation, disaggregation) (Scholes et al., 2013).
One could argue that urban structures like single
trees, green roofs and lawns are beyond the scale
of consideration. However, most ecosystem service
assessment approaches use combinatory matrices
of indicators or even models that are aggregated at
the resulting scale. These indicators could be leaf
area (sqm) or the abundance of species (e.g. birds,
butterflies) (Gómez-Baggethun & Barton, 2013),
which are measured at the same spatial scale as
those ecosystems. Thus, the scale of measurement
gives no ground for excluding constructed, overbuilt
or very small and scattered ecosystems. The use of
satellite images starts with the identification of urban
green structures taking for example the proportion
of sealed surface as an indicator to differentiate
between urban built-up structures and “ecological”
structures. However, thinking of green roofs points
out potential methodological pitfalls in this context,
as constructed ecosystems might be included while
overbuilt ecosystems are excluded.
The approaches so far could be summarized as
starting with land use/land cover to characterize
the type of ecosystem. In addition, there are
studies starting with the ecosystem service, which
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is related to different research questions, but could
be combined with the aforementioned approaches.
That is frequently done in the context of climate
change research, such as studies aimed at the
identification of areas that contribute to the local
climate regulation (Larondelle et al., 2014a; Schwarz
et al., 2011). Here, a process related definition of
ecosystems applies, which might include the whole
range from natural to constructed ecosystems.
Nevertheless, in general due to data constraints
it is often technically not possible to fully exclude
built-up structures or differentiate between types
of urban structures. However, this should not justify
the inclusion of all built-up areas, it rather points
out methodological shortcomings that should be
addressed thoroughly.
4.3 Participatory assessments
The approaches discussed so far start with biophysical
properties of the system. There are also approaches
that start with the exchange value, use value or
benefits related to ecosystem services examining,
for example beneficiaries and their valuation of
nature (Spangenberg et al., 2014). In this context,
participatory approaches are recommended,
for example to incorporate local knowledge and
stakeholder preferences in ecosystem service
assessments (Brown et al., 2012; Fagerholm et al.,
2012). Particularly, cultural ecosystem services
move more and more into the focus of research,
introducing the notion of stakeholder participation
in ecosystem service studies (Beichler, 2015; Kabisch
& Haase, 2014; Kabisch, 2015; Voigt et al., 2014).
Assessing the relative importance of ecosystem
services in terms of human well-being is of particular
interest in urban environments. On the one hand,
as ecosystem services become scarce, they are
perceived more directly increasing the relative value.
On the other hand, substitution possibilities in terms
of man-made services (e.g. for recreation) increase
in cities, which might reduce the value (Daniel
et al., 2012; Gómez-Baggethun & Barton, 2013).
Participatory assessment approaches could start
with a categorical choice assessing specific areas (cf.
section 4.1), on site surveys (Voigt et al., 2014), or
participatory mapping approaches (Beichler 2015).
Considering the latter, participants directly identify

and delineate areas that provide ecosystem services
on a map, whereby valuable data even for large urban
regions can be derived, which enables to understand
what is perceived as important ecosystem service
providing unit (Beichler, 2015; Hagemeier-Klose et
al., 2014). In this regard, researchers need to deal
with results in which urban built-up areas might be
considered as an ecosystem by the participants with
a high ecosystem service supply. However, to reliably
differentiate between built-up areas and ecosystems
detailed ground truthing would be needed. Looking
at participatory approaches with reference to section
2, one might argue that it is challenging to explain
to participants as how ecosystems and ecosystem
services are defined. By contrast it could also be
argued that a specific case study in this regard does
not require an explanation of the in-depth scientific
knowledge.
4.4 Assessing multiple ecosystem services of socialecological systems
Urban areas comprise closely intertwined systems
with dynamic interactions between social,
technological and ecological structures and
processes (Mörtberg et al., 2012; Reyers et al., 2013).
In that context, urban built-up structures could be
understood as complex social-ecological systems
(Moffatt & Kohler, 2008). The study of Tiwary and
Kumar (2014) highlights that to understand the
urban microenvironment, an integrated assessment
of green and grey infrastructure is needed. Moreover,
scale issues need to be considered for both the social
and the ecological subsystem (Moffatt & Kohler,
2008; Müller et al., 2010b; Scholes et al., 2013).
However, current assessment approaches often
emphasize ecological factors (Reyers et al., 2013).
Moreover, the results are limited in evaluating the
provision and use of multiple ecosystem services
and trade-offs between them (Bennett et al., 2009;
Haase et al., 2014). Although the CORINE dataset
is too broad to allow for a differentiation between
e.g. different types of settlements, Burkhard et al.
(2012b) illustrated that it is possible to set different
land use classes in relation through the assessment
of all ecosystem services categories including
ecosystem integrity. In order to analyse ecosystem
service flows, bundles and trade-offs, it could be
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feasible to include all kinds of urban structures.
Studies could illustrate that the relative capacity in
terms of provisioning ecosystem services of a natural
ecosystem (e.g. grassland) and a constructed one
(e.g. green bridge) might be the same (e.g. biomass),
but the overall services generated could differ. In
managed ecosystems, such as agricultural areas,
provisioning services are maximized at the cost of
other services. Accordingly, as shown for different
ecosystem services, an exploitation of ecosystems
has both benefits and costs for society (Hermann et
al., 2011). In this regard, an analysis of the ecosystem
service of all kinds of urban structures taking human
input and modification into account could enhance
the understanding of ecosystem service bundles and
trade-offs.
Key Issues
•	The detailed scientific discourse and
decisions on the inclusion or exclusion of
urban structures are rarely made transparent
in ecosystem service assessments.
•	Should the decision to include solely some
urban structures or all of them be based
on theoretical considerations or practical/
technical requirements? The ecosystem and
ecosystem service definition simultaneously
arises from and feeds back to general
decisions about scale issues and the
interpretative value of results.

5 Discussion and research challenges

T

his paper illustrates the ongoing scientific
discussion on the handling of urban structures
in the application of the ecosystem service concept,
including the risk that the normative principle of the
concept could be missed. Interestingly, during the
discussion several controversial issues have been
uncovered, which imply several research challenges
for the ecosystem service concept in general that are
described in the following.

Which urban structures can be differentiated as a
starting point for ecosystem service assessments?
Urban structures can be named as ‘urban
ecosystems’ according to the meaning the term has
in different ecosystem concepts – be it in a strict
meaning to a broader understanding referring to
processes. Nonetheless, to which structure the
term ‘ecosystem’ can be applied differs between
the different ecosystem concepts. Considering the
human input and modification, here the four different
classes of urban structures natural, managed,
constructed and overbuilt, were differentiated
relating to different ecosystem definitions (cf.
section 2). As summarized by Lamarque et al. (2011),
the objectives of ecosystem service approaches
range from biodiversity conservation to landscape
multifunctionality, which have different implications
considering the inclusion of urban structures in
ecosystem service assessments. Applying a strict
ecosystem definition suggests a focus on natural and
managed ecosystems mainly referring to urban blue
and green areas. Those approaches give important
arguments for nature conservation in urban areas.
As shown by Bolund & Hunhammar (1999) urban
blue and green areas contribute to the delivery of
multiple ecosystem services including regulating,
provisioning and cultural ones. Strategies to protect
natural ecosystems are of high importance, as urban
areas cannot substitute their functioning (Kowarik,
2011). However, a narrow definition of ecosystem
services in urban areas based on natural ecosystems
does not correspond to reality in central Europe
(Grunewald & Bastian, 2015). As such, a general
exclusion of built-up structures could lead to an
underestimation of bundles of ecosystem services
influencing the well-being of the urban population.
Studies that apply such a simplified approach
to urban areas could fail to identify underlying
mechanisms and are thus not useful to urban
planners and managers (Alberti, 2005).
In urban areas multiple conflicting land use interests
are coupled with a lack of space (Bezák & Lyytimäki,
2011). However, also very dense urbanized areas
could have a lot of urban green, e.g. New York and
Berlin increase by population, but look for sufficient
green provision (Kabisch & Haase, 2014; Larondelle
et al., 2014b). Such a multifunctional approach in
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urban development contributes to maintaining
and improving the generation of urban ecosystem
services. Hereby the individual contributions of urban
ecosystems to ecosystem service provision might
be small, but the sum could be of significant value
(Bolund & Hunhammar, 1999). In accordance, due
to the supply deficit in cities even very degraded or
constructed ecosystem could be of high importance.
Studies that include urban built-up structures could
identify barriers disrupting the exchange between
ecosystems and the associated value of overbuilt or
constructed ecosystems. As Moffatt & Kohler (2008)
put it in theory built systems can be designed in a
way that they still support environmental services
upon which society depends. In line with that, the
ecosystem service approach can assist in designing
nature-based solutions by showing alternatives
to technology based infrastructure, or in case of
interventions that involve the manipulation of
ecosystems foster solutions that could use nature e.g.
green roofs or green walls (Neßhöver et al., 2017).
The possibility to point out management options to
maintain ecosystem services or the connection of
ecosystems despite construction gives an argument
to include all classes of urban structures into the
assessment of ecosystem service potentials. In any
case, the approach should be transparent, but often
case studies do not provide sufficient information
on how urban structures are defined (Luederitz et
al., 2015). Here, the proposed classification natural,
managed, constructed and overbuilt ecosystems
in relation to differing ecosystem definition might
serve as an orientation towards a more transparent
reporting, which is generally of importance as
the challenge of framing “nature” applies in other
contexts as well (e.g. nature-based solutions
Neßhöver et al., 2017).
Nonetheless, it is evident that urbanisation and
the related overbuilding of natural ecosystems are
associated with an extensive loss of ecosystem
services (Alberti, 2005; Mooney et al., 2009). This
brings us to the question which services provided
by urban structures can be understood as ecosystem
services? The discussion in section 3 revealed that
in principle all classes of urban structures could be
included in existing ecosystem service frameworks,
as these do not directly refer to a specific ecosystem

definition, but rather general to biophysical
structures and processes. However, on the one hand,
for every case study the ecosystem definition is
inherently related to methodological considerations
(cf. section 4). On the other hand, ecosystem
service assessment are intended to serve as a tool
in identifying and framing problems as well as to
compare management alternatives, which involve
trade-offs between ecosystem services (Granek et
al., 2010; Hauck et al., 2013). In this connection,
equating ecosystem service values derived in
individual case studies on urban ecosystem service
assessment e.g. for green roofs and natural forests
could be misleading, since overbuilt and constructed
ecosystems are degraded and limited in the provision
of multiple services. Yet, the same holds true in other
environments. Comparing the ecosystem services
provided by a forest and a cropping system without
consideration of human input and the status of the
ecosystem would be misleading (Barot et al., 2017).
Thus, it is important to include all ecosystem service
groups as well as the ecosystem state within an
assessment study, to provide sufficient information
for management trade-offs (Müller et al., 2010b).
Otherwise, an undifferentiated comparison of results
of individual studies (with differing assumptions
considering ecosystem definition) could compromise
the normative principle of the ecosystem service
concept. Until now, the extent to which case studies
on ecosystem services can be compared still remains
very limited in the urban context (Luederitz et al.,
2015) but also in general for anthropized and
managed ecosystems (Barot et al., 2017), which
hampers a systematic meta-analysis across case
studies. Consequently, in order to understand the
spatial relations between ecosystem services as well
as ecosystem service supply and demand there is a
need for approaches that take multiple ecosystem
services, the status of the ecosystem and human
influence into account ensuring the comparability of
case studies.
Looking at the conceptual considerations (section
3), it was emphasised that humans are at the same
time part of the system (influencing ecosystem
service provision via input) and the main actors that
change the system properties (human modification)
that are relevant for the definition of ecosystems.
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There seems to be a conceptual inconsistency in
the ecosystem service framework as human input is
considered in the ecosystem service definition, while
human modification is considered only indirectly via
the structures and processes (i.e. the ecosystem
and its state). It remains an open question whether
it is feasible to consider biophysical structures and
processes separately in the ecosystem service
definition. There is a need to clarify the link between
the ecosystem and the ecosystem services definition.
However, it is argued here that the main challenge
does not relate to an adaptation of ecosystem
service frameworks, as the essential elements are
included. In fact, a lot of ecosystem service studies
acknowledge that ecosystem services might be a
result of the interaction of ecological processes
and human influences (input, accessibility etc.),
but a comprehensive consideration in indicator
frameworks or an assignment of indicators to the
different conceptual elements is still lacking (Albert
et al., 2016; Barot et al., 2017; Burkhard et al., 2014;
Heink et al., 2016). Consequently, the research
challenge rather relates to the operationalization of
the ecosystem service concept for assessment. Here,
different assessment methods have been reviewed
(cf. section 4) in order to answer the question are
the theoretical considerations and differentiations
viable in ecosystem service assessment. It needs to
be acknowledged that with regard to the practical
ecosystem service assessment the different types
of urban ecosystems are difficult to map, since the
transitions between human input and modification
are fuzzy and both are interacting. Moreover, the
identification of urban structures that provide
ecosystem services strongly depends on context and
scale (Andersson et al., 2015). As discussed above,
in principle, all urban structures might be studied
concerning their potential to provide ecosystem
services, as an comprehensive analysis of ecosystem
state as well as input and modification would enable
to differentiate ecosystem services from manmade services. However, taking human effects on
ecosystems, their services, and related values into
account as well as separating human input and the
service provided by the ecosystem itself remains
a complex scientific challenge (Barot et al., 2017;
Burkhard et al., 2014; Daily et al., 2009; de Groot
et al., 2010). Consequently, research regarding

gradients and thresholds related to human input,
human modification, and ecosystem integrity as well
as their interactions is needed.
Regardless of the detailed theoretical debate on
the ecosystem service concept, the underlying
urban ecosystem definitions and related decisions
taken are rarely reflected in case studies on urban
ecosystem services. The decision on the inclusion
or exclusion of specific urban structures arises from
and feeds back to decisions about scale issues and
the meaning of results. These are likely to differ with
regard to the objective of the respective study (e.g.
biodiversity conservation or maintaining ecosystem
service flows). In future research, the considerations
regarding theoretical basis (underlying normative
assumptions and relation to the different conceptual
elements), the practical requirements (data and
method restrictions) and implications thereof with
regard to the meaning of results should to be made
transparent in order to reach comparability between
urban ecosystem service assessments.
Finally, stakeholders have different requirements
in terms of spatial information (Hauck et al., 2013).
Thus, research difficulties in terms of scale, data
processing and availability etc. (cf. section 4), need
to be coupled with the stakeholders’ demands for
clear, simple and easy-to-use reporting systems
(Daily et al., 2009; Potschin, 2009). Furthermore,
to assist decision-making, knowledge on ecosystem
services should allow for negotiation, target setting
and the integration across disciplinary boundaries
(Termorshuizen & Opdam, 2009). As such, the
application of the ecosystem service concept could
enable an open process including all potentially
important urban structures leaving the final decision
up to the stakeholders.

6 Conclusions

E

cosystem services in urban areas are of high
relevance for both the well-being of the city’s
population and the ecological connectivity, thus
give important practical implications to supplement
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conservation measures. Nevertheless, it should be
unequivocal that, with respect to the normative
principle of the ecosystem service concept,
smaller units of urban areas, such as green roofs
represent no alternative to natural forests. So, does
the ecosystem service concept reach its limits in
urban environments? The problem of defining an
ecosystem becomes particularly apparent in urban
environments. Yet, the gradual transition between
natural and human influence that determines the
ecosystem service potential is a challenge that
applies in any environment. We argue that the
ecosystem service concept does not reach its limits
in urban environments, but urban environments
represent an interesting extreme case characterized
by multifunctionality and a high degree of human
modification. This increases complexity in terms
of conceptual and methodological aspects as well
as target setting pointing at key issues related
to ecosystem services in general. Firstly, from
a conceptual point of view, natural, managed,
constructed and overbuilt systems can be analyzed
using existing ecosystem service frameworks,
but when dealing with urban or other modified
ecosystems, human input, modification and
ecosystem status are essential elements. There is a
need to clarify the link between the ecosystem and
the ecosystem services definition and a transparent
reporting on how “ecosystem”, “urban” or “nature” is
framed. Secondly, to facilitate comparability between
ecosystem service assessments the theoretical basis
(normative assumptions and relation to conceptual
elements), the practical requirements (data and
method restrictions) and implications thereof
should to be made transparent. Finally, case studies
that include modified ecosystems are needed
to enhance the understanding of the underlying
mechanisms related to ecosystem service bundles
and trade-offs, as the identification of barriers
disrupting the exchange between ecosystems can
assist planning (e.g. green-infrastructure and naturebased solutions). There is a need for comprehensive
approaches that take multiple ecosystem services,
the status of the ecosystem, human input and human
modification into account to bring forward research
on the spatial relations between ecosystem services.
Here, the identification of thresholds related to
levels of human influence and self-organization

of ecosystems is a key challenge future research
towards an integrated analysis of ecosystem services
in different environments.
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