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Target  2,  Action  5 of  the  EU Biodiversity  Strategy  requests  member  states  “to  map  and  assess  ecosystems
and  their  services”  (Mapping  and  Assessment  of Ecosystems  and  their  Services  – MAES  initiative).  The
objective  of  this  paper  is  to present  and  discuss  the  preliminary  outcomes  of the  approach  taken  to
define  indicators  for implementing  MAES  in  Germany.  The  paper  introduces  the  requirements  for  using
indicators  from  a perspective  of nature  conservation  policy,  in  particular  the need  to  discern  the demand
and  supply  of  ecosystem  services,  including  their  potentials,  actual  and  future  use, as  well  as  the  natural
cosystem services
ndicators
olicy
andscape planning

contributions  and  human  inputs  to the  generation  of  ecosystem  services.  An  adapted,  differentiated,
ecosystem  services  terminology  is  presented  and  a first set  of indicators  is introduced  and  explained.
The  paper  closes  with  an estimate  of  potential  benefits  of  information  produced  by  implementation  of  a
national  MAES  for various  fields  of policy  (e.g.  local  and  regional  landscape  planning)  and  proposes  some

recommendations  for further  research  and  practical  exploration.
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. Introduction

Target 2 of the EU Biodiversity Strategy outlines the goal that by
020, ecosystems and their services are maintained and enhanced
y establishing green infrastructure and restoring at least 15% of
egraded ecosystems. As one effort to fulfil this target, Action

 requests member states (i) to map  and assess the state of
cosystems and their services in their national territory by 2014
abbreviated as MAES1), (ii) to assess the economic value of such
ervices, and (iii) to promote the integration of these values into
ccounting and reporting systems at EU and national level by 2020
European Commission, 2011). Implementation of MAES by the

ember states is guided by a conceptual framework (Maes et al.,
013), the Common International Classification of Ecosystem Ser-
ices (CICES, see Haines-Young and Potschin, 2013), as well as by

 proposed list of indicators and assessment approaches (Maes
t al., 2014). Even with this guidance, national implementation of
AES requires the development of adapted sets of indicators that

re most applicable to each respective context (Maes et al., 2012).
his need has spurred an ongoing debate on national indicators
Mononen et al., 2015; Tratalos et al., 2015) and how they can be
ncorporated into policy, planning, and management (Albert et al.,
014a, 2015a; Hauck et al., 2013; Wissen Hayek et al., 2015).

The objective of this paper is to present and discuss the pre-
iminary outcomes of the approach taken to define indicators for
he implementation of MAES in Germany. The paper first intro-
uces the specific German context and requirements for ecosystem
ervices indicators of use from a nature conservation policy per-
pective. Following this, a preliminary set of indicators is presented
nd explained. The selected set of indicators is discussed in light
f comparable international efforts to define respective indicators.
he paper closes with an estimation of the potential benefits of
nformation delivered by implementation of a national MAES for
arious fields of policy, planning and management, and finally,
ecommendations are proposed for further research and practical
xploration.

. The German context for indicator development

In general, Germany has a fairly broad amount of environmen-
al data available. For example, a system for biodiversity indicators
as already been established to monitor the implementation of
he National Strategy on Biological Diversity (Federal Ministry for
nvironment Nature Conservation and Nuclear Safety, 2010). How-
ver, the available data provides a mixed picture concerning its
pplicability as a basis for national implementation of MAES (Albert
t al., 2014b). For some aspects of ecosystem services, such as water
uality of rivers and streams, comprehensive monitoring data is
lready available. For other topics, such as marine ecosystems, data
s rare or lacking (Schiele et al., 2015). Landscape planning, as man-
ated by the German Federal Nature Conservation Act (BNatSchG,
§  8–12), specifies the purposes of nature conservation and land-
cape management, for the respective planning area, and identifies
pplicable requirements and measures for achieving such pur-
oses. In this regard, landscape planning takes into account the
apacity of nature and landscapes to provide several ecosystem ser-
ices (usually referred to as ‘landscape functions’, see Albert et al.,
015a; von Haaren and Albert, 2011) at the community or county
Please cite this article in press as: Albert, C., et al., Towards a national 
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evel. Therefore, the task of assessing, safeguarding, enhancing and
estoring ecosystems and their services is already addressed at
his sub-national level. However, information concerning ecosys-
ems and their services, which is incorporated in landscape plans,

1 http://biodiversity.europa.eu/maes.
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cannot be aggregated at a national level due to diverging classi-
fication systems, assessment methods, and survey frequencies in
the individual federal states. National implementation of MAES in
Germany must therefore be performed largely independently of
existing datasets on the state level. This is contrary, for example,
to the situation in the UK, where researchers in the UK NEA (2011)
were able to draw on a wide range of existing, spatially compre-
hensive, and uniform data (Haines-Young et al., 2008).

The current implementation of MAES in Germany is adminis-
tered by the Federal Agency for Nature Conservation (Bundesamt
für Naturschutz – BfN). The agency issued a research and devel-
opment project to develop a preliminary set of indicators (Marzelli
et al., 2014a, 2014b), incorporating insights from partners in Austria
and Switzerland with relevant earlier experiences (Götzl et al.,
2011; Helfenstein and Kienast, 2014; Staub et al., 2011). The set
of ecosystem service indicators proposed by the research project
was presented and discussed in various policy groups (including
the German joint federal and state level working group on nature
conservation, landscape protection and recreation), resulting in a
first proposal of national indicators for the implementation of MAES
in Germany (Albert et al., 2015b).

Within the context of German implementation of the European
Biodiversity Strategy, the process of indicator selection and defi-
nition has so far been nature-conservation-policy-driven with the
objective to select indicators that provide insights into support of
efforts to conserve, restore, and enhance the status of nature and
landscapes. From this particular perspective, five specific require-
ments need to be adhered to in order to provide useful information
for decision and policy-making. In describing these requirements,
the terminology introduced in Box 1 is employed.

(1) Appropriate sets of ecosystem service indicators need to
account for the supply of ecosystem services in relation to
areas of particular demand. For some ecosystem services, no
particular spatially explicit demand can be defined (see Wolff
et al., 2015 for a review of ecosystem service demand studies).
Examples include the global demand for carbon sequestration
for which it is irrelevant where GHG emission reductions take
place, or international food production which is mostly pro-
duced for a global market despite exceptions such as regional
marketing and subsistence agriculture. For other ecosystem
services, however, the spatial location of demand strongly influ-
ences the value of ecosystem services. Typical examples are
higher significances of nature-based recreation and drinking
water provision near urban areas, the supply of pollination ser-
vices if provided in the proximity of fields with crops dependent
on insect pollination (Schulp et al., 2014), and flood regulation
services where a relatively small increase in water retention
upstream can be very important if it prevents costly flood
damage in urban areas (Nedkov and Burkhard, 2012). If ecosys-
tem service analyses focus only on ecosystem service supply
and disregards respective demand, changes in ecosystem ser-
vices could be completely misinterpreted (Honey-Rosés and
Pendleton, 2013). Additionally, ecosystem service capacities
can only be transformed to economic values when the supply
and demand between each ecosystem service and its benefici-
aries match (Carrasco et al., 2014). It is therefore recommended
to develop indicator sets that consider both supply of and
demand for ecosystem services, at best along with indicators
describing gains and losses in human well-being. In cases where
this is impossible, alternative proxies for mapping and overlay-
ing spatial demand and supply can be used (Burkhard et al.,
set of ecosystem service indicators: Insights from Germany. Ecol.

2012).
(2) Appropriate sets of ecosystem service indicators should explain

if changes in the actual use of particular ecosystem services are
caused by changes in ecosystem service potential and delivery,

dx.doi.org/10.1016/j.ecolind.2015.08.050
http://biodiversity.europa.eu/maes
http://biodiversity.europa.eu/maes
http://biodiversity.europa.eu/maes
http://biodiversity.europa.eu/maes
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Box 1: Terminology.

- Ecosystem services: The direct and indirect contributions
of nature to human well-being (cf. TEEB, 2010). Ecosystem
services include the terms ecosystem goods and services.

- Ecosystem condition:  The condition of an ecosystem to
provide specific ecosystem services. It is important to dif-
ferentiate between this specific condition to provide specific
ecosystem services, and a general understanding of ecosys-
tem condition that refers to the capacity to provide multiple
services. Ecosystem condition results from a mix  of natural
conditions and socio-economic land-use decisions. Changes
in land-use (e.g. converting grasslands to fields) results in
changes of ecosystem condition and subsequently ecosys-
tem service potentials.

- Ecosystem service potential (often referred to as capac-
ity): The hypothetical maximum yield of (selected) ecosystem
services (Burkhard et al., 2012) that can be used or gained
from a specific extent and quality of ecosystems (→ Ecosys-
tem condition). This potential does not need to be currently
used (Bastian et al., 2013). We  do not differentiate between
capacity and potential. Both terms are used here with regard
to only one service. A synonym for ecosystem service poten-
tials is ‘offered ecosystem services’ (von Haaren et al., 2014).
The ecosystem service potential provides the natural contri-
bution to ecosystem services generation, which together with
human inputs, leads to goods and benefits gained directly
from or with the help or on the basis of ecosystems.

- Ecosystem service supply: The actual provision of ecosys-
tem services by a certain ecosystem, either today, in the
past or in the future, as determined by the ecosystem
service potential and the ecosystem condition. The amount of
ecosystem services that is actually generated depends on the
natural contributions and anthropogenic contributions (→
Human inputs). For the supply of some ecosystem services,
no human contribution is required. Please note: Economic
theory would consider ecosystem services supply as the
amounts of units of ecosystem services that are being pro-
duced at a given price. Prices here would be interpreted as the
marginal costs of generating an additional unit of ecosystem
service.

- Ecosystem service flow: Ecosystem services that are gen-
erated and actually used in a specific area and time under
respective → Ecosystem conditions. The ecosystem service
flow can be higher than the ecosystem service supply, result-
ing in an unsustainable use of ecosystem services or reliance
on → Human inputs. Synonyms for ecosystem service use
are ‘utilised ecosystem services’ (von Haaren et al., 2014).

- Ecosystem services demand: The need for specific
ecosystem services by society, particular stakeholder groups
or individuals. Ecosystem service demand is specific in
time and space, with some demand existing globally (e.g.
for greenhouse gas mitigation) and other demand existing
locally (e.g. for recreation opportunities). Ecosystem services
demand can be higher than ecosystem services flow, for
example if a local population cannot fully meet its recreation
demand due to limited availability or accessibility of green
spaces. Other ecosystem services (such as many provision-
ing services) need to be imported if demand exceeds flow in
a region.

-  Human inputs: Anthropogenic contributions to ecosystem
services generation in human-influenced land-use sys-
tems (e.g. fertilizer, energy, pesticide, technique, labour
or knowledge; Burkhard et al., 2014). These human
inputs often converge with → Ecosystem services potentials
into → Ecosystem services supply.
 PRESS
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changes in ecosystem condition, changes in human inputs, or
changes in demand. Changes in ecosystem service demand can
happen due to altered preferences, population sizes or other
human activities, including those with impacts on the environ-
ment that enhance the demand for ecosystem services. This
differentiated analysis is, for instance, necessary in order to
avoid any misinterpretation of trends of ecosystem service indi-
cators that indicate ecosystem improvements or deterioration.
If, for example, the amount of natural contaminant reduction is
used as an indicator for water purification ecosystem services,
increasing values would not necessarily indicate an enhanced
self-purifying potential, but could also be related to increased
contamination levels due to an influx of pollutants. Another
example of a potentially misleading ecosystem service indica-
tor is the number of visitors to an area, which often is used
as proxy for recreational services. However, increasing visitor
numbers may  not necessarily be related to ecosystem con-
ditions. Instead, visitor numbers may  increase due to nearby
settlements, enhanced accessibility, or better marketing and
recreational infrastructure. Assessing water provisioning ser-
vices only in terms of the amount of water abstraction, while
disregarding the condition of the aquifer, can lead to wrong
management decisions. Our suggested solution is to apply
clear-cut definitions of ecosystem services supply and demand
categories as outlined in Box 1, to clarify what the selected indi-
cators actually describe, and to investigate and communicate
where changes in actual supply or use of ecosystem services
originate from.

(3) Appropriate sets of ecosystem service indicators should also
provide decision support in cases of insufficient information in
order to precisely assess and evaluate ecosystem service sup-
ply and/or demand. In such cases, we suggest that demand and
supply spreadsheets (‘ES matrices’) and maps based on expert
opinion can be compared and superimposed. The ‘ES matrix’
(after Burkhard et al., 2012, 2014) can be used to integrate data
of various quality and quantity, attributing them to specific
geospatial units and use the quantification results to illustrate
ES supply and demand in the different spatial units. Result-
ing ecosystem service supply-demand assessments should be
published in combination with a systematic discussion and
documentation of inherent uncertainties (Hou et al., 2013)
including measures of confidence, consistency and reliability
(Jacobs et al., 2015). Expert-based approaches do not enable
exact and quantitative juxtapositions of supply and demand
per se. However, they provide useful information regarding the
spatial areas where particular demand and supply exist. Jux-
taposing the areas of demand and supply helps to highlight
areas where demand is currently not sufficiently met and where
management interventions are thus needed to enhance supply.
Further analyses can subsequently integrate quantitative sup-
ply and demand data and thereby help reducing uncertainties.

(4) Appropriate sets of ecosystem service indicators need to con-
sider, not only the current generation and delivery (‘flow’) of
supplied ecosystem services, but also the potential of ecosys-
tems to deliver these services in the future (‘stock of natural
capital’, which includes biotic and abiotic resources, or ‘stock
of ecosystem capital’, including only ecosystem resources, that
at least partially depend on biotic elements) (Burkhard et al.,
2014; Schweppe-Kraft, 2013; von Haaren et al., 2014). Such a
differentiated analysis is needed as the definition of ecosystem
services implicitly includes three aspects: the current deliv-
ery, the possibility of a future delivery (in the sense of ‘option
set of ecosystem service indicators: Insights from Germany. Ecol.

values’ (de Groot et al., 2010)) and the actual future use. Esti-
mating future uses of ecosystem services requires predictions
of future demands and future supply. In contrast to man-made
capital, ecosystems and their services are not contrasted with a

dx.doi.org/10.1016/j.ecolind.2015.08.050
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Table 1
First set of ecosystem service indicators, juxtaposing supply and demand. Respective indicator values can be used to identify and quantify supply and demand mismatches
of  individual ecosystem services.

CICES
“Section”

CICES
“Division”

Ecosystem services Supply indicators (using:
ecosystem services potentials as a
proxy)

Demand indicators

Provisioning services
1*)

Nutrition materials
energy

Providing food and
bio-energy from fields

Natural fertility of arable soils 2*)

Providing fodder from
grasslands

Proportion of grasslands in
agricultural areas (contribution to
animal production)

2*), 3*)

Providing timber
products

Timber stocks (sustainable yield by
logging)

2*)

Regulation &
maintenance services

Regulation
(decomposition,
sequestration, etc.) of
toxins and waste

Regulating water
quality by waterways

Naturalness of river beds and
floodplains

Current water quality
below water quality
standards

Regulating
groundwater quality

Proportion of forest and grassland Proximity of drinking
water wells, water
protection areas

Protection of soils and geological
layers

Mediation of flows Mitigating erosion Proportion of area with a certain
minimum ground coverage by
continuous vegetation cover

Active floodplains,
areas of steep slopes,
areas with sandy soils
(easily blown away
when dry)

Proportion of natural and
semi-natural small structures in
the agricultural landscape

Mitigating flood
hazards

Water retention capacity in flood
plains

4*)

Maintenance of
physical, chemical,
biological conditions

Facilitating pollination
and biological pest
control

Proportion of natural and
semi-natural small structures in
agricultural landscapes

Proportion of arable
crops demanding
insect pollination

Storing greenhouse
gases

Surfaces of drained/rewetted
peatlands

2*)

Mitigating greenhouse
gas emissions

Contribution of land use change
and forestry

2*)

Regulating local
climate and air quality

Proportion of green spaces in
settlement areas

Degrees of population
density, settlement
extent, exposure to air
pollutants and adverse
urban climate effects

Cultural  services Physical and
intellectual
interactions with biota,
ecosystems, and
landscapes

Providing
opportunities for
recreation

Recreational functions of variable
ecosystem characteristics (e.g.
naturalness, diversity, privacy,
supply of specific uses)

Degree of population
density, proximity to
settlement centres, and
designated recreational
regions

Providing
opportunities for
recreation in urban
areas

Proportion of green spaces in
urban areas, accessibility of urban
green areas

Degree of population
density and
settlements of certain
size

Background: Preliminary set of ecosystem service indicators as suggested by Marzelli et al. (2014a) and supplemented by additional expert consultations and literature
considerations.
Explanations:
1*)  The suggested indicators do not address ecosystem services supply as the combination of natural and human contributions to ecosystem services generation as this might
be  contradictory to nature conservation purposes. Instead, indicators for ecosystem services potentials are used. This is particularly relevant for provisioning ecosystem
services. For more detailed explanation, please see the manuscript text.
2*) Global supply and demand patterns, spatial localisation difficult and not required in this context.
3*) The indicator “area of grasslands used for fodder production” would be, of course, more targeted on fodder production, whereas the “proportion of grasslands” can better
h itigat
b
4 urate

(

elp  to point out additional grassland services e.g. for freshwater supply, erosion m
ased  on a test of the whole set.
*) Relationship between water retention and reduced damage currently only inacc

technically and economically fixed depreciation period. Due to
natural regeneration processes, their capacities can last for an
infinite time horizon. Therefore, the results of such a valuation
based on a long term forecast would be rather uncertain (Farber
et al., 2002). Sustainability targets, such as the preservation of
ecosystem capital, can be more easily considered in the indica-
tor set, by representing both, the current delivery and uses of
ecosystem services and the potential of ecosystems to provide
services (Bastian et al., 2013; Burkhard et al., 2014).

5) Appropriate sets of ecosystem service indicators should not
Please cite this article in press as: Albert, C., et al., Towards a national 
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confuse the natural contributions to ecosystem service genera-
tion with the supply of ecosystem services that often originate
from a conjunction of natural and anthropogenic contributions
(cf. Burkhard et al., 2014; Fisher and Turner, 2008; von Haaren
ion or cultural services more explicitly. A decision between alternatives should be

ly modelled in Germany.

et al., 2014). Ecosystem service supply indicators, which refer
to the combination of natural and anthropogenic contributions,
are often employed in assessments because related data is
readily available in statistical records (e.g. food yields per
hectare). However, using such indicators may contradict nature
conservation policy as the resulting trends can increase due
to enhanced human inputs, even if the contribution by nature
diminishes. A typical example of this is when compensating for
the loss of fertile soils, e.g. due to land conversion, or dimin-
ishing natural soil fertility, e.g. from erosion, by increasing
set of ecosystem service indicators: Insights from Germany. Ecol.

fertilizer inputs. In this case, an indicator for the provision of
agricultural products that detects only the amount of prod-
ucts would insufficiently reflect the loss of natural soils and
soil fertility. We  therefore recommend using indicators which

dx.doi.org/10.1016/j.ecolind.2015.08.050


 IN PRESSG Model
E

l Indicators xxx (2015) xxx–xxx 5

a
a
t
d
a
t
a
C

3

M
a
t
a
e
t
f
fi

t
P
t
w
t
n
c
v
s
i
a
f
q
a
f
a
w
m

3

a
n
i
w
t
g
s
a
C
o
a
i
a

v
a
(
2

Table 2
Demand–supply–mismatch matrix. The degree of demand and supply mismatch
can simultaneously be interpreted as the degree of welfare gains by investing in
natural capital to increase ecosystem service supply.
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distinguish between natural contributions and human inputs
to the supply of ecosystem services.

In combination, the mentioned requirements suggest that
ppropriate sets of ecosystem service indicators should consist of
nalyses which consider both the supply and demand of ecosys-
em services. Furthermore, consideration of supply and demand
imensions is essential for usefully aggregating ecosystem services
cross spatial and temporal scales. It eases the economic valua-
ion of ecosystem services and the integration of these values into
ccounting and reporting systems as envisaged by the European
ommission (2011).

. A first set of ecosystem service indicators for Germany

The first set of ecosystem service indicators for implementing
AES in Germany (Table 1) addresses the requirements listed

bove by (i) primarily using indicators for denoting natural con-
ributions to ecosystem services supply, (ii) considering both the
ctual delivery as well as the potential of ecosystems to provide
cosystem services, (iii) considering also the demand for ecosys-
em services, and (iv) proposing robust and simplified approaches
or mapping and assessment of ecosystem services in cases of insuf-
cient information and data.

The suggested set of indicators addresses many of the ecosys-
em services specified in the CICES catalogue (Haines-Young and
otschin, 2013). However, the set still needs to be extended
o consider ecosystem services of coastal and marine areas as
ell as a broader spectrum of cultural ecosystem services in all

ypes of ecosystems. For pragmatic reasons and based on the
ature-conservation-policy-driven approach mentioned above, the
urrent set of indicators purposefully disregards ecosystem ser-
ices that are considered of low importance, not at risk or already
ufficiently protected by government interventions. Therefore, no
ndicators are proposed for game species, natural products such
s mushrooms and berries, commercial and recreational fishing in
resh water ecosystems, fish production in aquaculture, or for the
uantity of water supply of a certain quality due to the high supply
nd falling demand in Germany. The set also precludes indicators
or ecosystem services relating to genetic material or the existence
nd bequest value of species and habitats as this would overlap
ith the already established nature conservation and biodiversity
onitoring schemes.

.1. Addressing the demand side of ecosystem services

This paper proposes to use the terms ecosystem service supply
nd demand in valuing ecosystem services and providing plan-
ing and policy with relevant information. Such politically relevant

nformation could include, among others things, the spatial areas
here important mismatches in the demand and supply of ecosys-

em services exist and where greatest welfare gains could be
enerated by enhancing the extent and/or quality of ecosystem
ervice delivery through appropriate management measures (for
n analyses of hotspots in the supply of ecosystem services, see
han et al., 2006; Egoh et al., 2008). In addition, implementation
f MAES, with reference to an economic understanding of supply
nd demand, will be required to address the long-term objective of
ntegrating ecosystem service assessment and valuation in national
ccounting systems.

Recent developments in one research project on the economic
Please cite this article in press as: Albert, C., et al., Towards a national 
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aluation of urban green spaces illustrates progress in efforts to
ssess ecosystem service supply and demand as outlined above
Kolbe and Wüstemann, 2014; Krekel et al., 2015; Wüstemann,
014). In most other areas, combining ecosystem service indicators
Note: For a similar cross-tabulation, see Burkhard et al. (2012, 2014) and Liquete
et al. (2013).

with an economic valuation of demand and supply is still far from
realisation. Nevertheless, we should strive for a close alignment
between the selection and definition of indicators for ecosystem
services and the economic understanding of supply and demand.
Having this conceptualization in mind will ease future efforts to
economically value changes of these indicator values (on the basis
of additional information on cost-structures and individual prefer-
ences). In the meantime, however, a simple juxtaposition of rough
graduations of indicators, according to the relative level of sup-
ply and strength of demand (e.g. high, medium, low) as shown
in Table 2, can give an initial guidance to identify areas with
special deficiencies and high needs for investments in natural cap-
ital (see Section 3.2). A further discussion about the implications
of economic analyses of ecosystem services (building upon and
expanding from Farley, 2008 and others) is beyond the scope of this
paper. However, even without a detailed economic underpinning,
distinguishing between supply and demand aims to avoid method-
ological problems and misinterpretations that may  occur if only the
change in use of the ecosystem service is monitored. Misinterpreta-
tions can occur when no consideration is given to whether changes
in current use originate from changes in the potentials of ecosys-
tems to provide services, from changes in human inputs, or from
changes in demand.

3.2. Dealing with insufficient information or data to assess or
model demand and supply

A juxtaposition of the usually more easily assessable spatial sup-
ply with the specific corresponding spatial demand can be used in
situations where the lack of data makes a precise assessment of
ecosystem services use difficult, unreliable, or even impossible. A
simple juxtaposition is also useful in cases where a more complex
indicator connecting supply and demand would be too difficult to
understand and communicate in policy making. The proposed set
of indicators consequently includes several indicators that reflect
specific ecosystem service demands, which can be used in addi-
tion to indicators representing the respective supply. Overlaying
spreadsheets or maps that represent the areas of ecosystem service
supply, with the areas of demand for each respective ecosystem
service (cf., for instance, Burkhard et al., 2012; Fisher et al., 2009),
set of ecosystem service indicators: Insights from Germany. Ecol.

provides useful information for policy and decision-making as this
illustrates where specific demands and thus higher values for pro-
vided ecosystem services exist.

dx.doi.org/10.1016/j.ecolind.2015.08.050
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Fig. 1. Structural water quality as an indicator for ecosystem services potential for self-purification of rivers and streams. For better legibility of the figure legend, the reader
is  referred to the coloured web version of this article.

Source: Marzelli et al. (2014a).

dx.doi.org/10.1016/j.ecolind.2015.08.050


Please cite this article in press as: Albert, C., et al., Towards a national set of ecosystem service indicators: Insights from Germany. Ecol.
Indicat. (2015), http://dx.doi.org/10.1016/j.ecolind.2015.08.050

ARTICLE IN PRESSG Model
ECOIND-2611; No. of Pages 11

C. Albert et al. / Ecological Indicators xxx (2015) xxx–xxx 7

Fig. 2. Agricultural yield potential according to Muencheberg Soil Quality Rating. For better legibility of the figure legend, the reader is referred to the coloured web version
of  this article.

Source: Data source: SQR1000 V1.0, (C) BGR, Hannover, 2013 (altered).
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A relevant example of this is the water purification service of
ivers. This service could be measured as the reduction of con-
aminants between two sampling points up- and downstream, if
o additional contaminant inflows occur in between. However,
pplying such an indicator could be misleading as an increase of
he extent of contaminant reduction, may  be caused by either
nhanced ecosystem conditions, e.g. a more natural stream bed,
r by additional contamination inflows upstream. The informa-
ion about increased ecosystem service provision can therefore be
ather ambiguous, meaning either environmental enhancement or
eterioration (see Section 2). Instead, we suggest applying a proxy
uch as naturalness of the streambed as the supply indicator for
he self-cleaning potential (see Fig. 1). This supply can then be
verlaid with the demand, for example indicated by the difference
etween current water quality and water quality targets. Consid-
ring changes in supply, in demand, and in the supply–demand
elation, provides information about where changes in the self-
urification potential have taken place, where the water quality
as already reached a relatively good value, or where a great need

or cleaning services still exists.
Several indicators of the proposed set illustrate such a spa-

ially explicit demand: The indicator ‘areas in need of water quality
nhancement’ shows areas of specific demand for the ecosys-
em service ‘self-cleaning potential of waterways’. The indicator
groundwater use’ identifies areas where the ecosystem service
provision of high quality ground water’ is of particular significance.
he indicator ‘proportion of arable crops with insect pollination’
elps to identify areas in need of pollination services. An example

or the juxtaposition of demand and supply is provided by Burkhard
t al. (2012) who compared the suitability for recreation with pop-
lation density as an indicator of the demand for recreation in each
rea. This approach enables conclusions to be drawn about whether
hanges in the supply of ecosystem services have taken place in
reas of high or low demand, essential information for a societal
valuation.

An important issue to keep in mind is that there is not nec-
ssarily a correlation between areas with a high potential for a
articular ecosystem service’s supply, and areas of high demand
nd actual use. For example, the use of cultural services for recre-
tion (measured for example by a rough, simple indicator like the
umber of visitors) is not necessarily high where the landscape is
articularly diverse and attractive. Less attractive landscapes can
lso be important for recreation, especially when they are located
lose to densely populated areas with a higher need for recreation.
aluation issues occur if people assign high values to areas they
arely visit (as shown by Boll et al. (2014) for the example of urban
wellers in Hamburg assigning high values to the Lüneburg Heath
rea).

.3. Differentiating between ES potentials and delivery

The suggested indicator set follows the pragmatic approach
ntroduced above to consider potential future uses of ecosystem
ervices by developing indicators that address ecosystem service
otentials (see Table 1 and Box 1). The approach is in line with
he German Nature Conservation Act that, by virtue of their intrin-
ic value and importance as a basic necessity of human life, calls
or permanently safeguarding biological diversity, the performance
nd functioning of the natural balance (Leistungs- und Funktions-
ähigkeit des Naturhaushalts), as well as the diversity, characteristic
eatures and beauty of nature and landscape, and their recreational
alue (BNatSchG, §  1). As such, the Act refers to both ecocentric and
Please cite this article in press as: Albert, C., et al., Towards a national 

Indicat. (2015), http://dx.doi.org/10.1016/j.ecolind.2015.08.050

nthropocentric values. Furthermore, it meets the requirements for
 complete national account. A national account includes, next to
he “income account” which contains the current transactions of
he last economic period, a so-called “capital account”. The capital
 PRESS
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account reproduces the scope and changes in the various capitals.
If a high consumption is achieved through the reduction of capital,
this usually means less income generation in future periods. Such
relationships also apply to the current and future delivery and use
of ecosystem services.

3.4. Differentiating between natural contributions and human
contributions

In response to the challenge of not confusing ecosystem service
supply with ecosystem service potentials, the proposed set of indi-
cators explicitly refers to nature’s contributions to the generation
of ecosystem service supply as far as possible, given the avail-
ability of data. A typical indicator in this regard is the ‘natural
fertility of arable soils’ (see Table 1, Fig. 2). This indicator is mea-
sured according to the Muencheberg Soil Quality Rating, a method
that aggregates soil characteristics and other site-specific condi-
tions critical for agricultural production, giving them a score-value
between 1 (worst) and 100 (best), which is linearly correlated
with yields (Mueller et al., 2007). For instance, scores of 40 and
80 indicate that crops produced on soil with a score of 80 will nor-
mally be twice the size as the crop produced on soil with a score
of 40. It is possible that the values calculated are not completely
independent of changes caused by human use, as it is perhaps eco-
nomically optimal to vary fertilizer input depending on soil fertility.
At a minimum, the use of an indicator based on natural conditions
will prevent misinterpretation if yield changes are attributable to
changes in human input. Ongoing erosion processes are not part
of the national database for the Muencheberg Soil Quality Rating.
Therefore, they have to be considered separately with the help
of other indicators (“Erosion mitigation by continuous vegetation
cover” and “small structures within agricultural landscapes”).

Data on the relative suitability of sites for production also exist
for meadows and pastures (for fodder production and crops) and
also for forests but are not or not comprehensively available on the
national scale. As proxies for the related provisioning services, the
share of grasslands in agricultural areas and a combination of tim-
ber stocks (potential) and logging (use) are proposed (see Table 1,
including an explanation for taking the share of grasslands instead
of the absolute areas).

4. Discussion and conclusions

The proposed set of indicators fulfils the requirements set out in
the introduction and could be very useful for implementation of the
EU Biodiversity strategy in Germany. The implications of using this
approach for aggregating ecosystem services in national accounts,
the added value of the new information in the German context,
and the differences with approaches used in other countries are
explained below, followed by some conclusions and recommenda-
tions for further research.

4.1. Implications for aggregating indicators

Consideration of both, supply and demand indicators for ecosys-
tem services, provides new perspectives and options to address
the challenge of aggregating ecosystem service indicators at higher
spatial scales (Fisher et al., 2009). The supply or the potential
amount of services that could be delivered to a society can usually
be thoroughly described on the basis of natural parameters. Local
and regional ecosystem service potentials can usually (more or less
set of ecosystem service indicators: Insights from Germany. Ecol.

easily) be aggregated on a national scale. This is also the case for
the use of ecosystem services that are not confronted with a specific
spatial demand. An indicator for the average yield from a certain
area can easily be aggregated on a national scale because – due to

dx.doi.org/10.1016/j.ecolind.2015.08.050
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urrently low transportation costs and available storage techniques
 the demand for the crop is (nearly) spatially unspecific.

The situation will be quite different if the supply of services is
onfronted with a spatially differentiated demand. In this case, the
elfare effect of a certain level of supply or the benefits of a certain

uantity of service use depends on the intensity of demand met
n a specific area. The same service use can have different bene-
ts. Differences in demand can stem from various reasons such as
opulation size, specific preferences, especially for certain cultural
ervices, different soils that need different levels of erosion pro-
ection, areas that are especially vulnerable to flooding hazards or
articular human activities demanding certain goods and services.

In the case of spatially specific demands for spatially specifi-
ally supplied services, the need to take into account the demand
ay  be most relevant for problems with aggregating services. An

ggregation at different spatial scales is only possible if supply and
emand are calculated precisely enough to predict the amount of
ervice uses and their benefits in each spatial unit. If welfare effects
re to be measured, assessments comparable to cost benefit anal-
ses or multi-attribute utility theory will have to be carried out in
ach spatial unit in order to obtain sufficient data for an aggregation
f changes in different areas.

Nevertheless, if coarser information is sufficient for individual
cosystem services, a simple juxtaposition of different “degrees”
f spatial supply and spatial demand will be useful to support
n aggregated assessment of the overall change of services on
he national level. Overlaying techniques to identify combinations
f spatial supply and demand patterns are undoubtedly far from
eing a substitute for differentiated spatially specific cost benefit
nalyses. However, they can point out whether changes in ecosys-
em service supply have taken place in areas with low or high
emand, in deficient or in well-supplied areas. The relatively rapid
eneration of information is a considerable advantage compared
o inherent uncertainties of the method (Jacobs et al., 2015). In

any cases, such information does suffice for political purposes.
he political purposes could, besides awareness raising, include
eighing of alternatives for decision making.

Furthermore, policy does not have to only look at one aggregated
gure on overall welfare. There are also other targets to be consid-
red, for instance distributional equity. The German Federal Spatial
lanning Act (Raumordnungsgesetz, §  1) asks for equivalent living
onditions throughout Germany. The results of ecosystem service
upply–demand overlays may  deliver more relevant information
or this policy aim than one aggregated number for all areas.

.2. Benefits of implementing MAES in the German context

As outlined in the introduction, Germany already has substan-
ial environmental data available and considers ecosystem service
otentials in assessments and planning at the county and munic-

pal level as part of landscape planning. Implementing a national
ssessment of ecosystem services in this context has several ben-
fits beyond fulfilling the EU Biodiversity Strategy’s Objective 2,
ction 5: National monitoring of ecosystem services could serve as

 national reference system for planning and decision making on
he lower levels and could help investigate whether local decisions

eet national requirements (Albert et al., 2014b).
To this end, the accuracy of the national data can be limited to the

equirements of giving superordinate guidance. National data does
ot necessarily need to have the same level of detail as for specific
lanning decisions on the smaller-scale, for instance in deciding
he optimal position for infrastructure or settlement development.
Please cite this article in press as: Albert, C., et al., Towards a national 
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n light of this, the proposed indicators, although still relatively
oarsely defined, are likely to be useful in the multi-level planning
ystem of Germany as a first approach for a nationwide detection
f the development trends of ecosystem services.
 PRESS
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An important issue to consider further is what kind of aggre-
gated, national-level information on ecosystem services would be
useful, for which type of decisions, and for whom. Nuissl et al.
(2009) argue that environmental issues have different properties
regarding their spatial implications. A national indicator therefore,
cannot simply be applied in assessments of areas at lower spatial
scales, but needs to be adapted to the specific context and decision-
makers’ needs. For example, a farmer requires spatially explicit
data on soil fertility that is far more detailed than national maps
as represented in Fig. 2. Nuissl et al. (2009) further argue that envi-
ronmental problems sometimes arise due to the sum of individual
small decisions that together cause a problem (as, for instance, for
the indicator “Natural fertility of arable soils” in Table 1). Therefore,
local and regional assessment and planning, as already institution-
alised in Germany, can be complemented with national indicators
and monitoring. In other cases, issues of connectivity are relevant,
as with example for the indicator “Proportion of natural and semi-
natural small structures in agricultural landscapes for pollination
and pest control”. Finally, the information provided in the context of
national MAES implementation could provide new impulses to bet-
ter assess and take into account synergies and trade-offs between
ecosystem services in landscape planning in order to enhance the
supply.

4.3. Needs for further research and practical implementation

Requirements for ecosystem service indicators have been
defined by different authors (Müller and Burkhard, 2012; van
Oudenhoven et al., 2012). They recommend that appropriate
indicators must enable the understanding and quantification of
interactions between land management, ecological processes and
the provision of ecosystem services. Especially the operationali-
sation of ecosystem service potentials and flows (Schröter et al.,
2014), human inputs (Burkhard et al., 2014), and demand for prac-
tical applications requires a consistent framework (Wolff et al.,
2015). When comparing these requirements with the indicator set
suggested in Table 1, issues requiring further research become obvi-
ous. The conceptual framework, distinguishing between (natural)
ecosystem potentials, human inputs, and ecosystem service sup-
ply and demand (see Box 1) seems robust. Moreover, it covers
human–environmental interactions with ecosystem service sup-
ply. However, the practical application is limited by data availability
at appropriate scales. Therefore, compromises and generalisa-
tions have to be accepted until better data is available. Potential
data sources that may  be available in future include improved
computer-based modelling or ecosystem services-based monitor-
ing systems.

Nevertheless, practical application and implementation of the
proposed set of indicators in Germany has already begun. A first
assessment of the recommended supply indicators (Table 1) has
been prepared on the basis of available spatial data (Marzelli
et al., 2014a). An ongoing project at the Technische Universität
Berlin is developing an indicator focusing on the provision of
urban green space in major German cities with inhabitants of
more than 100,000. This is the first time an indicator has been
used to measure access to urban green spaces, on a household
level, by merging geocoded panel data on the socio-economic
background of households (e.g. income, age, education, migration
background) and geocoded data on land use in German major cities.
A joint project between Leibniz Universität Hannover and Georg-
August-Universität Göttingen is looking at supplementing the two
existing sub-indicators for recreational services (supply of bathing
set of ecosystem service indicators: Insights from Germany. Ecol.

water and supply through recreation-related protected areas) with
an indicator for a more comprehensive classification and eco-
nomic valuation of the suitability of landscapes for recreation. All
demand indicators still need to be developed. This task is part of an

dx.doi.org/10.1016/j.ecolind.2015.08.050
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ngoing project at the Leibniz Institute of Ecological Urban and
egional Development (IOER) that started at the end of 2014. This
roject will (i) identify how the database of the recommended

ndicator set can be regularly updated and (ii) modified, including
ossibly adding indicators in co-ordination with the EU-wide pro-
ess for implementation of Target 2, Action 5 of the EU Biodiversity
trategy, and (iii) it shall deliver two observations for every indica-
or within a certain period of time to allow for a first assessment of
rends of ecosystem service supply and demand. Furthermore, the
cosystem service ‘matrix’ approach, linking geospatial units with
cosystem service potentials, supply and demand (Burkhard et al.,
012, 2014) is further developed and applied on different scales
including national) at Kiel University.

Overall, with careful optimism, it can be concluded that the
uggested ecosystem service indicators will contribute to enhanc-
ng landscape planning and decision making, and also identify and

onitor pathways for sustainable use of ecosystem services.
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