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Preliminary remarks on the status of this paper
The initial implementation of the requirements and objectives of Target 2, Action 5 of the European Biodiversity Strategy: “Mapping and Assessment of Ecosystems and their Services”
by 2014 is the aim of the recommendations formulated in this paper.
Within the scope of a research project beginning at the end of 2011 and on behalf of the
German Federal Agency for Nature Conservation, the foundation that should allow for the
implementation of Target 2, Action 5 in Germany at the national level has been developed
(Ifuplan et al. 2014). Based on this foundation, the following text presents the proposed indicators and cartographic representations (mapping) to be used nationwide.
This proposal does not yet take into account the ecosystem services of seas and coasts. A
systematic approach has also not yet been established for the description of the state of the
ecosystems. Both tasks must be undertaken in the course of the implementation.
This paper is intended as a technical basis for further discussion on the implementation
of Target 2, Action 5 at the national and European levels.
As this is a “work in progress”, comments and proposed amendments will be gladly accepted
until such time as a decision on the first set of indicators has been reached. According to the
current schedule, this should not be before the end of 2015.
Comments on this discussion paper are therefore welcome.
BfN, June 2015
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1

Introduction

Mapping and assessment of ecosystem services in scope of the implementation of
the European Biodiversity Strategy
The term ecosystem services, used worldwide since the global Millennium Ecosystem Assessment (MA 2005) and the international TEEB study (The Economics of Ecosystems and
Biodiversity) (TEEB 2010), refers to those benefits provided to people by ecosystems. As a
rule, the distinction is usually: provisioning services (e.g. provision of food, wood, drinking
water), regulation services (e.g. flood protection by water retention in floodplains, selfcleaning function of waters, erosion control function of woody plants, insect pollination) and
cultural services (e.g. landscape aesthetics, importance of landscape elements for the feeling of well-being, the function of ecosystems and landscapes for the purpose of recreation).
The MA and the TEEB study have shown that these services are at risk world-wide and that
their prolonged decline also results in economic disadvantages.
Often, the decline of these services is due to the one-sided exploitation of individual nature
services without consideration of their ecological interdependencies, together with the simultaneous loss of wild plants and animals and their habitats. For this reason, the conservation
of ecosystem services has been an explicit objective of the Convention on Biological Diversity since 2010 (CBD 2010). The European Union has included the goal of ecosystem services
conservation in the European Biodiversity Strategy, which is a part of the overlapping flagship initiative “a resource-efficient Europe” (European Commission 2011a and b). Target 2,
Action 5 of the EU Biodiversity Strategy calls upon the EU Member States to map and assess the state of ecosystems and their services in their national territory by 2014, assess the
economic value of such services, and promote the integration of these values into accounting and reporting systems at the EU and national levels by 2020.

Development of approaches for nationwide assessment of ecosystem services in
Germany
Within the scope of a research project beginning at the end of 2011 and on behalf of the
German Federal Agency for Nature Conservation, the foundation that should allow for the
implementation of Target 2, Action 5 in Germany at the national level has been developed
(Ifuplan et al. 2014). Using this groundwork the following text makes recommendations on a
first set of national indicators and cartographic representations which can be used to begin
with the monitoring and assessment of ecosystem services in Germany on the national level.
During the ecosystem services indicator development process, the Federal Agency for Nature Conservation regularly consults with the Swiss Office for the Environment (FOEN) and
the Austrian Federal Agency (UBA), both of which have already developed indicators for
ecosystem services (Staub et al. 2011, Götzl et al. 2011). Representatives of UBA and FOEN
have, within the framework of a project advisory group, contributed to the development of
this set of indicators (see Chapter 2). The feedback from UBA and FOEN are reflected in
particular in Chapter 3 of the present recommendations. Jointly formulated perspectives
dealing with an approach to ecosystem services was also recently published in Natur- und
Landschaft (Keller, Schweppe-Kraft, Schwarzl 2014). Switzerland is currently reviewing
which data are available in order for them to assess and map the inventory of ecosystem
services developed there.
The ecosystem services of seas and coasts are not yet included in the present proposal.
Furthermore, due to the lack of spatially-specific data available, the condition of the ecosys5

tems has not yet been systematically taken into account in the assessment of their services.
The latter can be justified in the assessment of ecosystem services, if these services are
highly dependent on the particular ecosystem type (e.g. forest or field), but less so for the
particular expression of the ecosystem type (e.g. deciduous or coniferous forest). The indicators could possibly be further improved through the additional inclusion of condition data previously not taken into account (see 3.1). Apart from this, according to Action 5, the assessment of the condition of the ecosystems is a task which is yet to be achieved.
The definition and classification of ecosystem services – as agreed upon by the MAES
Working Group of the Directorate General – Environment (MAES et al. 2013) – is based on
categories in the Common International Classification of Ecosystem Services catalogue
(CICES, Haines-Young & Potschin 2013). Substantiated deviations are made at certain
points, for instance in the assessment of provisioning services (see 2.1.1 and 3.1.5).
It is generally recommended not only to include the current ecosystem services, which arise
out of the current demand, including public demand, but also the potential (capacity) or rather the supply of services available (Schweppe-Kraft 2013, Burkhard et al. 2014, Von
Haaren et al. 2014). The current productivity may also increase due to increasing burden
and demand (e.g. higher nitrate removal from a river due to additional nitrate input, see also
3.3). Today's high productivity can also lead to low productivity in the future (see 2.2.2 and
3.4). An analysis of the development of the capability and supply of ecosystem services is
equally as important to the politics of preserving nature’s services (and capacity, potential) as
the analyses of the use.
In addition, for some ecosystem services a spatially differentiated mapping of supply and
demand have a high informative value, whereas for other ecosystem services, this is unnecessary. Because of the diminishing costs for transportation services, the place of production
of many provisioning services in particular, is today becoming economically less and less
relevant to their value. If one considers the external effects in addition to the operational
costs of transportation, the spatially-close intertwined relationships between supply and demand gains a greater importance, also economically. Currently, however, agriculturallyproduced goods in particular are, for the most part – at least in the industrialized countries –
produced for a global market. The market prices of these goods are therefore largely independent of regional differences in demand (e.g. settlement areas versus rural areas). For
many regulation and cultural services, and also for provisioning services whose price is
largely driven by transportation costs, such as water, for example, the value is strongly dependent upon whether or not a high demand at the place of supply exists, which is targeted
to this specific local supply. An example of a corresponding regulation service is water retention in floodplains. Their importance for flood protection depends specifically on the type and
intensity of the land use of the area whose protection is enhanced by the increased water
retention in the floodplain. If these areas are densely populated, then the “demand” for water
retention in the area to be protected is high. If the area is not occupied or used, then a demand for water retention does not exist. It is similar with the erosion mitigation effects of
hedges, which are needed especially on those agricultural lands which are highly vulnerable
to erosion. Clean groundwater should of course be protected everywhere; fact is, however,
that the protection from contamination is of utmost importance where the water is used, or
will be used in the future, for drinking water. It is therefore proposed that, for ecosystem services with a corresponding, unique spatial demand, to contrast the assessment of the supply
with a spatially differentiated indicator for the demand. In this way it can be made clear, in
which areas the capacity of ecosystems are of particular or of lesser importance, due to differences in demand (see also 3.3).
6

Where the lack of data available makes the direct assessment of the current services difficult
or even impossible, juxtaposition of the often more easily assessable spatial supply with the
specific spatial demand targeted to this supply can also be used as a basis to assess proxies
for the intensity of current use. An example would be the assessment of recreation services
through a comparison of the suitability for recreation with, for instance, the population density
as an indicator of the demand for recreation in each area.
Due to the fact that, for some ecosystem services listed in the CICES catalogue, there is no
need (at least at the national level) for political intervention, no indicators have been developed for these services. The corresponding ecosystem services are either practically nonexistent in Germany, have only a very minor role or are not at risk (see, among others, 2.1
and 3.8). Within the European coordination process it should be clarified whether the addition of these services is required to ensure a harmonized implementation of Action 5 on a
European level.

Supplement to landscape planning at the level of states, regions and
municipalities
German is a federal state in which major decisions are taken at the sub-national level by the
states and the municipalities. In the development of national indicators for ecosystem services for the implementation of Action 5 of the European Biodiversity Strategy, this must be
taken into consideration. The national level has, therefore, only indirect or informal influence
on many decisions that directly or indirectly relate to ecosystem services, for example in the
context of conservation planning, the agricultural subsidy policy, land use planning or the water maintenance and development.
In Germany, a landscape planning system (BNatSchG, §§8-12) with the objective of maintaining the performance and operability of nature and the usability and development of natural resources has existed on the level of the states, the counties and the municipalities since
1976. This means that many of the tasks that are associated with the implementation of Action 5 at the national and European levels are already being performed at the sub-national
level via this planning system. However, the landscape plans vary widely from one another
both in their time points and survey periods. They do not, therefore, currently offer a common
basis for a national collection and assessment of ecosystem services.
The nationwide collection and assessment of ecosystem services in the framework of this
first implementation must therefore be performed largely independently of the landscape
planning of the states, regions, counties and municipalities. The national collection and evaluation should be such that it can provide additional information and guidance from a broader
perspective for the use in smaller-scale planning. The accuracy of the data should be based
on the requirements of the superordinate objective and do not necessarily need to have the
same level of detail that is necessary to meet specific planning decisions on the smallerscale, for instance in deciding the optimal position for infrastructure or settlement development. The proposed indicators are relatively coarsely classified (see 3.1), but they are likely
to be useful in the multi-stage nature of the German planning system, as a first approach for
a nationwide detection of the development trends of ecosystem services.
It is hoped and expected that the national and sub-national approaches to evaluation and
assessment of ecosystem services will, over the long term, grow increasingly similar to each
other.
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2

Proposals for indicators of ecosystem services at the federal level

The purpose of the following recommendations is an initial implementation of the requirements and objectives of Action 5 of the European Biodiversity Strategy. They are based on
the proposals developed by the MAES Working Group for the implementation of Action 5
(Maes et al. 2013 and 2014), but are adapted to the specific environmental, socio-economic
and institutional conditions in Germany (see Chapters 1 and 3.8). Because the first implementation of Action 5 was expected to take place in 2014, mainly the data that is already
available or can be synthesized from existing data is being used. This approach necessarily
involves some compromises in accuracy. It should be noted that in Target 2, Action 5 it is not
the exact magnitude of the ecosystem service that is captured, but rather the changes that
are in the foreground. Therefore, the methods and data used must firstly be reviewed in order to see if they reflect changes in ecosystem services over time with reasonably reliability.
With increasing data availability and with increasing knowledge of the variety of existing international and national research on the detection and assessment of ecosystem services, it
is possible to develop the indicators in terms of their significance and accuracy.
The authors and the Federal Agency for Nature Conservation consider this proposal a technical / expert basis for further discussion on the implementation of Target 2, Action 5 of the
European Biodiversity Strategy at the national and European levels. As the process of implementing Action 5 continues it will become apparent which indicators are of particular importance to administrative and political decision-making processes, if important indicators are
still missing, whether, from a European perspective, indicators should be supplemented and
which indicators urgently require further development of their content.
For each of the following indicators, a comprehensive quantitative metric at the federal level,
as well as a cartographic representation of indicator value for different regions, is planned.
The exact definitions of some of the proposed indicators are still flexible. The maps shown
are therefore primarily to be understood as a first illustration. They are not yet fully reviewed
and may in some cases contain errors. To allow for a continuous monitoring of the development, indicators and cartographic representations should be able to be updated at regular
intervals. Table 1 gives an overview of the proposed indicators which will be explained in
more detail below.
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2.1

Indicators of provisioning services

The intensive use of provisioning services often leads to a loss of biodiversity (MA 2005).
Presenting indicators for provisioning services in the context of a set of indicators for the implementation of the European Biodiversity Strategy could also lead to the misconception that
the use of nature for agricultural, forestry and fishing purposes is an objective that, as part of
the conservation strategies, should be actively pursued on equal footing with the conservation of biological diversity. This impression could be avoided if one would exclude the ecosystem services in question from the implementation of Action 5. An alternative solution for
terrestrial ecosystems would be to represent the preservation of agricultural and forestry areas using an indicator that summatively measures the potential for agricultural and forestry
use by assessing the degree of the changes to non-populated areas. One such indicator
(“land use”) is already part of the German Biodiversity Strategy (BMUB 2013). A still further
alternative in the area of provisioning services would be to consider the intensity of use of
these services instead of the service provided by nature, or the stress factors for biodiversity
and other ecosystem services that result from this intensity. Such indicators would be, for
instance, nitrate surpluses in agriculture, narrow crop rotations or a purely income-oriented
tree species selection.
If it is decided that, despite these concerns, indicators for ecosystem services in the area of
provisioning services should still be included, then the following parameters could be used:
- The natural fertility of arable soils as an indicator for the contribution of the ecosystem to
agricultural plant production,
- The proportion of grasslands in agricultural areas as a sub-indicator for animal production,
- The supply of wood in the forest as well as logging as indicators for the provision and use
of wood products.
An indicator for the contribution of ecosystems to the quantitative supply of drinking water
and water for other uses (groundwater recharge) was developed. Adding this indicator to the
indicator set could also be dispensed with. Germany is well equipped with regard to water
availability versus consumption. Only 17.6% of the amount of available water is used, with
water consumption showing a downward trend (BDEW 2013). Problems remain with regards
to the quality of untreated water, particularly by impacts through contamination from the agricultural lands. The groundwater quality and the interaction between different ecosystem uses
(including agriculture, grassland, forest, settlements) and natural conditions, such as soil and
geological layers in the protection of groundwater, are covered by indicators in the area of
regulatory services.
For various reasons, indicators for collectible products (mushrooms, berries etc.), commercial and recreational fishing in fresh water ecosystems and for fish production in aquaculture
have not been developed (see Chapter 3.8).

9

Table 1:

Proposed indicators for the supply of and demand (incl. public demand) for
ecosystem services

1*)

See Table 2, p. 10. and Table 3, pp. 46-47.

2*)

The description of indicators for provisioning services in the context of the implementation of European
Biodiversity Strategy could lead to the misconception that the use of nature for agriculture, forestry and
fishing purposes is to actively be pursued on equal footing with the conservation of biological diversity in
the context of nature conservation . Suggestions for alternatives, see text.

3*)

Worldwide demand, spatial differentiation is not useful or not required.

4*)

Relationship between water retention and reduced damage currently only inaccurately modelled.

5*)

Indicator already contains an intersection of supply and demand.
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Table 2:

Classification of ecosystem services according to CICES
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2.1.1

Natural fertility of arable soils – agricultural plant production

The fertility of agricultural soils is categorized with a points system (0-102) in accordance
with the internationally applicable Muencheberg Soil Quality Ratings (SQR, Mueller et al.
2007) method (see Figure 1). The points correspond to the average expected yield of graindominated crops. A change in the indicator value is primarily a result of the re-classification
of areas, for example into settlement and traffic areas. Due to the methodology of the indicator, erosion processes could not be promptly assessed. They are therefore mapped further
below using specific indicators in the area of regulation services.
The indicator
► Natural fertility of arable soils (see Figure 2)
is calculated as the sum of the respective area sizes multiplied by the value of fertility according to the SQR. This value can be calculated and displayed for Germany and for subregions. Figure 2 shows the average fertilities of soils in the various counties. They should
be supplemented by representations of the absolute values of the changes in fertility and the
range of soils available.
The indicator shows the usability of the soil and makes up the existing “supply” or “natural
capital” in this area. Since suitable soils in Germany are usually, depending on their capacity,
used for agricultural purposes, the results of the SQR are also an estimate for the current
agricultural use of the land and for the respective yields.
Agricultural yields could alternatively be represented by an index of products agriculturally
produced (see Figure 3). Such an index would, compared to the indicator of “natural fertility…”, vary depending on changing climatic conditions from year to year in the different regions. At the national level, the temporal index of agricultural production would also respond
to yield increases resulting from the continuous enhancement of agricultural techniques. The
value of such a temporal index could therefore increase, even when an increase in productivity is accompanied by a loss in arable soils. The indicator “natural fertility of agricultural
soils” is therefore likely to better express the contribution of ecosystems to agricultural production than would an index for the agricultural products produced.
The classification of ecosystem services according to the CICES catalogue, which is considered a common basis for the cataloguing of ecosystem services at the European level, classifies agricultural products further in terms of their use, for food purposes, for further agricultural or industrial use and for energy production. Frequently, however, a particular crop is
used for several different purposes. Corn, for instance, is grown for all three of these purposes. An additional spatially-differentiated representation of the individual cultivation purposes
exists at the level of the federal states in part, but is generally difficult because the individual
farmer, providing he is not contractually obligated, decides for himself to whom and for what
purpose he sells his annual harvest. A corresponding assessment is therefore omitted for the
time being.
In order to predict future conflicts between ecosystem services and biodiversity with regards
to land use, it may be useful to study the evolution of the different uses at least at the national level, where the driver of possible positive or negative developments can be better recognized (see Figure 4: Cultivation of renewable raw materials in Germany). If the further use of

12

Figure 1: Agricultural yield potential
according to Muencheberg Soil Quality
Rating - raw data
Legend:

Source: © Bundesanstalt für Geowissenschaften
und Rohstoffe 2013
Geobasisinformationen: DTK 1000; ©
Vermessungsverwaltungen der Länder und BKG 2004

Figure 2: Agricultural yield potential according
to Muencheberg Soil Quality Rating, averaged
over the agricultural land within the counties

Figure 3: Average of the yield indexes for
agriculturally used areas per county

Legend:

Legend:

no data

no data
Source: Ifuplan / ETH-Zürich (2014).

Source: Ifuplan / ETH-Zürich (2014).

Data: Statistisches Bundesamt 2013: Agrarstatistik und
Erntestatistik; Statistisches Bundesamt 2012: Kreisfreie
Städte und Landkreise nach Fläche und Bevölkerung;
Geobasisdaten: © GeoBasis-DE / BKG 2013

Data: BGR 2013: Ackerbauliches Ertragspotential der
Böden in Deutschland; Statistisches Bundesamt 2012:
Kreisfreie Städte und Landkreise nach Fläche und
Bevölkerung; Geobasisdaten: © GeoBasis-DE / BKG 2013
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the agricultural products is tied to local production facilities, it may be useful to additionally
capture the spatial distribution of the demand factors (see Figure 5: Distribution of biogas
plants in Germany).

Figure 4: Cultivation of renewable raw materials in Germany
2,600,000

Source: © Fachagentur
für nachwachsende
Rohstoffe 2013
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Figure 5: Distribution of biogas plants in Germany
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Source: © Deutsches Biomasseforschungszentrum gGmbH 2012
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746.5

2.1.2

Proportion of grassland in agricultural areas – animal production

The proportion of grassland indicates which component of land resources contributes to the
production of green fodder for the production of meat, dairy and other animal products. In
Germany, in addition to green fodder, large parts of the arable land (about 45%) are used for
the production of animal feed (e.g. silage corn). Furthermore, a significant portion of animal
feed is imported. The Federal Ministry of Agriculture estimates the amount of imported feed
to be about 10% based on animal feed energy (Deutscher Bundestag 2012). Based on protein content, it could be as much as 27% (BMELV 2013). In other word, animal production in
Germany uses, to a large extent, soil resources that are outside of Germany. The
► Proportion of grassland in agriculture areas (see Figure 6)
as an indicator for the contribution of the ecosystem to animal production must always,
therefore, be interpreted in the context of other animal feed resources used.
Conflicts with other ecosystem services – for example in the case of liquid manure – often
arise due to the fact that the animal (manure) production takes place in a different ecosystem
than the feed production (which is often imported). In order to illustrate such conflicts it is
necessary to also illustrate the import-dependent production which is not based on regional
ecosystem services. An area-based representation of animal density, for example, can provide evidence to this end (see Figure 7).
Aside from their partial contribution to animal production, grasslands have additional effects,
which have been also taken into account by other indicators. Contamination of groundwater
by nitrates and in some places pesticides is, on average, significantly lower with grassland
use compared with cultivation. There is virtually no soil erosion on permanent grassland and
a certain amount of green land is perceived generally as an enrichment of the landscape
(see 2.2.2, 2.2.3, 2.3.1).
However, because it also includes, to large degree, species-poor, intensively-used grassland
and fallow, the indicator does not have a direct relationship to biological diversity.
Figure 7: Density of livestock units

Figure 6: Grassland on agricultural lands
Legend:

Legend:

(Values in %)

(Number per
100 ha of agricultural land)

No value available or
value is confidential

and more

and more

Source: Statistische Ämter des Bundes und der Länder: Atlas Agrarstatistik.
Geobasisdaten: © GeoBasis-DE / BKG 2013
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2.1.3

Timber stocks – timber production

Forests in Germany must be managed sustainably in accordance with legislation. Losses of
forest are compensated by afforestation elsewhere.
An analogue indicator suitable for agricultural production would show the relative yields of
the different silvicultural sites. Although the corresponding parameters are recorded by most
forestry operations, they are not widely available.
As indicators for the provisioning services of forests with timber products and their capacity
in this respect, parameters such as the growth of wood, logging or the development of timber
resources could be used as alternatives. For the period of the third National Forest Inventory
(2002-2012) these parameters showed the following values: 49,597 ha increase in forest areas; 11.23 m3 average wood growth per ha and year; increment of 94.8 million m3 of wood
growth per year, 8.8 m3 usable extraction per ha and year; increase in timber inventories by
about 6 % (BMEL 2015).
In 2012 logging had an overall value of 53.2 million m3 (Statistisches Bundesamt 2015, s.
Figure 9).
As a first approximation in the area of timer production in forests, the main indicator
► Timber stocks
is proposed, which could be supplement by the use indicator “logging / extraction”.
The indicator “timber stocks (in the forest)” (see also Figure 8) can provide both information
about the supply and future usefulness of the ecosystem services as well as – in the longer
term – about the sustainability of the actual use. If changes in the stock caused by calamities
and changes in the stock structure of forests, or changes of tree species composition are
observed, the remaining changes indicate increases or decreases in the intensity of use,
which may have repercussions on sustainability and diversity issues.
The third National Forest Inventory will also contain data for the new federal states. Whether
or not the data are sufficient to calculate the indicators for spatial units smaller than the
states should be reviewed.
In general, it should be noted that the relationship between the indicators proposed and the
importance of forests for the conservation of biodiversity is conflict-laden. Intensified logging
and increased extraction can lead to less old growth and deadwood in the forest, both of
which are important for biodiversity. Even an increase in the indicator “timber stocks” may
lead to negative developments for biodiversity, for example, if some deciduous tree stocks or
spruce stands are replaced by non-native tree species, such as Douglas fir.
As an alternative to the simple comparison between supply and use proposed, one could
also try to construct, in the further development, a complex indicator for the sustainability of
the current use, which combines other variables, including biodiversity, into one parameter.
The understandability of such a parameter is to be ensured.
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For similar reasons as with agricultural land use, a spatial differentiation with respect to intended use of the indicator “timber stocks”, whether for energy or for further processing, is
omitted. A similar differentiation of the usage trends at the national level, however, can be
quite useful, for example in detecting possible use conflicts. The values required for this are
calculated in the scope of the National Statistics Program (Statistisches Bundesamt 2015). In
2014, 11.1 million cubic meters of wood (20% of total logging) was used as energy. In 2002,
the value was only 4.3 million cubic meters. Because certain uses are not considered in the
logging statistic, the actual fuelwood consumption value lies even higher (Bormann et al.
2006).

Figure 8: Development of wood stocks in
the forests

Legend:
Wood stocks index 2002 – 2012
(2002 = 100)
> 95 – ≤ 100
> 100 – ≤ 105
> 105 – ≤ 110

> 110 – ≤ 115
> 115 – ≤ 120
> 120 – ≤ 125

Source: Map created with the Bundeswalinventur - database
Data: Bundesministerium für Ernährung, Landwirtschaft und Verbraucherschutz 2015: Bundeswaldinventur 3;

Figure 9: Development of logging
and wood utilization from 2005 to
2014
3
(Values in million m ; data according
to logging statistics, the actual
fuelwood consumption is higher,
see text;

due to different survey methods
the data are not entirely
comparable with the National
Forest Inventory)

Timber harvested

Geobasisdaten: © GeoBasis-DE / BKG 2013

non-energy use (incl. not used)
fuelwood
Source: © Statistisches Bundesamt, Wiesbaden 2015
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2.2

Indicators of regulation services

In the area of regulation services, seven areas for indicators are proposed:
- Self-cleaning potential of waterways;
- Protection of groundwater quality;
- Erosion mitigation;
- Mitigation of flood hazard by water retention in floodplains;
- Pollination and biological pest control through natural and semi-natural small structures in
agricultural landscapes;
- Reduction of greenhouse gas emissions (through forest management, changes in land
use and rewetting of peat soils);
- Microclimatic buffering and balancing features and air filter effect of urban green areas.
2.2.1

Self-cleaning potential of waterways

Inorganic and organic contaminants of waterways, such as nitrogen and phosphorus from
agriculture or from water treatment plants, can be degraded, neutralized or are sequestered
long-term into sediments through physical, chemical and biological processes. Relevant for
these processes are near-natural states of the banks and channel bed, etc., as well as nearnatural, floodable floodplains that are as wide as possible. Clean, structurally-rich waters
bring benefits for recreation, reduce costs for drinking water treatment, are a prerequisite for
a rich flora and fauna and help achieve the European objectives for the protection of inland
waters and seas.
Mapping of water bodies performed by the states using comparable methodology provide the
basis data for the proposed indicator. As an expression for the self-cleaning potential, the
following can be used:
► Proportion of river with good structural integrity (see Figure 10).
The more accurate indicator of the self-cleaning effect in the water would be the actual reduction of contaminants. However, on the one hand, such a parameter could often only be a
rough estimate. On the other hand, in somewhat intact waters, an increase in pollution would
result in an increased degradation service. Improvements in the indicator would then be associated with a deterioration of the environmental situation, which would defeat the fundamental purpose of the monitoring of ecosystem services.
Instead of directly assessing the actual reduction of contaminants an alternative way to describe services could be based on a combination of self-cleaning potential, taken as a kind of
supply indicator, with water quality standing for the demand side. Combinations of high selfcleaning potential and bad water quality would then indicate low services whereas cases
with low self-cleaning potential or high water quality would also indicate low services. Furthermore, such an indicator could additionally suggest that the value of one and the same
amount of reduction is apparently higher where water quality is relatively bad compared with
situations where the contamination is already low.
With a simple juxtaposition of potential and need it can be shown whether changes in the
self-purification potential have taken place, where the water quality has already reached a
relatively good value, or where a great need for cleaning services still exists.
Due to a focus on the requirements of the implementation of the European Water Framework
Directive, some states have decided to, for the time being, no longer continue mapping the
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water structure quality. Therefore, it is necessary to decide whether comparable indicators
from the implementation of the Water Framework Directive be used in these cases in the future.

Figure 10: Structural water quality (according to BfN & LAWA 2006)

Legend:
1-unchanged
2-slightly changed
3-moderately changed
4-considerably changed
5-significantly change
6-very significantly changed
7-completely changed
no data
Source: Ifuplan / ETH-Zürich 2014.

Data: BfN & LAWA 2006: Gewässerstrukturgütekartierung; Geobasisdaten: © GeoBasis-DE / BKG 2013

Note: The map shows a generalized representation of the structural water quality at the federal
level. The map is incomplete for smaller water bodies and headwaters. More detailed maps can
be found in the state reports.
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Figure 11: Proportion of river segments with good structural water quality
per county

Legend:
(Values in %)

no data
Source: Ifuplan / ETH-Zürich 2014.

Data: BfN & LAWA 2006: Gewässerstrukturgütekartierung;
Geobasisdaten: © GeoBasis-DE / BKG 2013

Note:
The map is to be considered together with Fig. 10. In
the interpretation of this map it must be noted that no
distinction is made as to whether many or few water
bodies exist in a district.
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2.2.2

Protection of groundwater quality

The ecosystem service for the supply of clean groundwater is particularly threatened by,
aside from other harmful substances which, at present, only occur at relatively low concentrations, excessive nitrate concentrations. This leads to additional costs through, amongst
other things, increased use of uncontaminated water resources and additional technical
treatment measures.
A significant source of nitrate pollution is agricultural production. Specific management
measures, a more targeted control of fertilizer use, and the conversion to organic farming
can reduce or avoid nitrate inputs to groundwater.
The risk of nitrate contamination from cultivation and residential areas is particularly high,
whereas the risk from grasslands and woodlands is low (see Figure 14).
Natural conditions which have a reduction effect on nitrate inputs, such as a high buffer capacity of the soil and protecting geological layers, represent moderating regulation services
that could reduce the nutrient contamination of groundwater. Sustained high nutrient inputs
can, however, lead to a breakdown of these filters and buffers, resulting in a sudden increase
in the concentration in groundwater.
In light of the interaction between the various natural and anthropogenic factors which are
crucial for clean groundwater, it is proposed that the service of the clean groundwater supply
be represented by several sub-indicators:
► The “proportion of groundwater with good chemical condition” (or alternatively, not universally defined, a characteristic value of nitrate pollution in the German EU monitoring
network) (see Figure 12 and Figure 13) is the real target indicator;
► The “protection potential by groundwater cover” (see Figure 15) (soil and geological layers) illustrates natural buffering functions between an input in the soil and contamination
of groundwater. This potential can be reduced or destroyed by pollution. However, the
current data available does not allow for the current damage to the potential to be
mapped;
► The “proportion of grassland and forest compared to the total area”
addresses those ecosystems with the lowest soil contamination. The reason is not an
outstanding ecosystem service, but primarily the fact that the anthropogenic contamination of these ecosystems is lowest. Conversely, a higher “proportion of farmland and residential areas” (see Figure 16) is an indicator of high stress on the groundwater. It
should be examined whether the addition of the proportion of organic farmland should
be considered in this indicator;
► In order to direct measures more targeted to areas of current urgent needs, it is also
useful to combine the data presented above with spatial data on the use of groundwater
resources as a demand indicator (for example: water protection areas, sanctuaries,
catchment areas).
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Figure 12: Chemical condition of groundwater sources

Legend:
River basin district
good
poor
unclear

Source: Wasserwirtschaft in Deutschland (Arle et al. 2013).

Data: Umweltbundesamt, Daten der Bund/Länderarbeitsgemeinschaft Wasser (LAWA), Berichtsportal WasserBLIcK/BfG, Stand 22.01.2010

Figure 13: Frequency distribution of mean nitrate concentrations for the period 2008-2010 and
for the period 2004-2006 in % of 739 common measuring points of the EEA monitoring network
EEA monitoring network
739 common measuring points

Source: Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit und
Bundesministerium für Ernährung, Landwirtschaft und Verbraucherschutz 2012)
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Figure 14: Distribution of nitrate levels under different land uses (2010)
percentage share

forest

grassland

settlement

field

class in mg/L nitrate

Source: Wasserwirtschaft in Deutschland (Arle et al. 2013)

Figure 16: Securing groundwater
quality through soil and geological
layers

Figure 15: Proportion of arable land
and residential areas compared to
total land area

Legend:

Legend:

(Values in %)

Source: Ifuplan / ETH-Zürich 2014.

Data: DLR-DFD 2009: CORINE Land Cover (CLC 2006);
Statistisches Bundesamt 2012: Kreisfreie Städte und
Landkreise nach Fläche und: Bevölkerung;
Geobasisdaten: © GeoBasis-DE / BKG 2013

favorable
favorable to average
average
average to unfavorable
unfavorable

Source: Ifuplan / ETH-Zürich 2014.

Data: BGR & SGD 2005 Schutzpotential der
Grundwasserüberdeckung; Geobasisdaten: © GeoBasis-DE /
BKG 2013
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2.2.3

Erosion mitigation

Wind and water erosion reduce the suitability of soils for agricultural and forestry production,
and can also cause harm to settlements and infrastructure, as well as lead to adverse sedimentation effects in the aquatic environment.
Erosion takes place mainly on vegetation-free surfaces. Affected, therefore, is mainly arable
land. About 14 % of the arable land in Germany have a long-term average soil erosion by
wind or water of more than 3 tonnes per hectare per year. In contrast, the average annual
rate of soil formation is only about 2 tonnes per hectare (Umweltbundesamt 2010, Grassl
1997).
Ways to prevent or reduce erosion include the conversion of arable land to other land use
types, such as forest or green land and changes in agricultural use (e.g. no-till processing,
cover crops, transverse cultivation). As well, the addition of small structures (especially
hedges) can, depending on the design and orientation, reduce the wind speed and, at a parallel to the slope orientation or planting in gullies, can also reduce water erosion processes.
The current focus on field boundaries can reduce water erosion processes only slightly.
Only averages and no site-specific data about the type, location and extent of erosionreducing farming practices are currently available (see Figure 18).
As indicators of ecosystem services to mitigate erosion processes, the following are proposed:
► Reduction of water erosion by year-round vegetation cover (especially forest, grassland)
compared to an alternative agricultural use (see Figure 19);
► Proportion of areas with perennial vegetation cover (especially forest, grassland) on the
wind erodible surfaces (see Figure 20);
► The proportion of small structures in the agricultural landscape (see Figures 23 and 24).
The prediction models for water erosion are developed to the point where they can express
the amount of erosion caused by normal field use in tonnes of soil loss per hectare per year
(see Figure 17). Virtually no erosion takes place in forests and permanent pasture. By superimposing the actual use with the map of soil erosion risk, one can calculate quantitatively the
reduction in erosion a particular use brings, compared to farming.
For wind erosion, only area-wide risk assessments on an ordinal scale (smaller – larger)
have been performed. Therefore, a quantitative assessment analogous to soil erosion is not
currently available. The proposed percentage value (percentage of land with perennial vegetation cover) is an auxiliary variable. After the Federal Institute for Geosciences and Natural
Resources provides new calculations, it should be assessed whether the indicator can be
further improved.
Comprehensive quantitative effect estimates are missing for the erosion control effect of
small structures in the agricultural landscape. Therefore, here as well, a simple percentage
indicator is provisionally proposed. Currently, the Federal Environment Office is conducting a
study on wind erosion risk, including wind barriers. It should be then examined whether a
further improvement of the indicator is useful here, also. Analogous to the procedure for selfcleaning potential of waters, changes in the indicator “proportion of small structures…”
should be determined separately for areas with high and lower demand for erosion control.
Corresponding demand indicators are shown in Figure 17:
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► Risk of soil loss from agricultural land through water erosion
as well as in Figure 20 (only for categories high and very high):
► Risk of wind erosion.

Figure 17: Potential erosion risk to arable lands in Germany through water erosion and
wind erosion

Legend:

Legend:

Potential erosion risk
through water erosion

Potential erosion risk
through wind erosion
[t /ha * a]

extremely
high

≥ 55

very high

30 - < 55

high

15 - < 30

middle

10 - < 15

low

5 - < 10

very low

1-<5

novery low

very
high
high
middle
low
very
low
no

≤1

0

Proportion [%]
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40

Proportion [%]

Source: © Bundesanstalt für Geowissenschaften und Rohstoffe 2013, 2014.
Geobasisdaten: © GeoBasis-DE / BKG 2013

20

60

Figure 18:
Proportion of soil
conserving tillage
practices in each
geographical type

annual soil loss in tonnes per hectar
upper quartile

lower quartile

Source: according to
Wurbs und Steininger
2011

northeastern
lowlands

northwestern
lowlands

conventional

conserving

Figure 19: Mitigation of soil erosion by year-round
vegetation cover compared to an alternative agricultural
use

Legend:

Alternative soil loss avoided
per ha and year in each
county
≤ 15.00
15.01 – 30
30.01 – 45
45.01 – 60
> 60

Source: Ifuplan / ETH-Zürich 2014.

Data Source: BGR 2013: Mittlerer jährlicher potentieller Bodenabtrag durch
Wassererosion, Übersichtskarte der Bundesrepublik Deutschland, Digitales
Arciv FISBo BGR; DLR-DFD 2009: CORINE Land Cover (CLC 2006);
Geobasisdaten: © GeoBasis-DE / BKG 2013

Figure 20: Proportion of areas with perennial vegetation
cover on the wind erodible surfaces per county
Legend:
areas with high/very high risk of erosion

Legend:

Quotient: proportion of semi-natural, vegetationcovered surfaces to wind erosion risk areas
(high / very high) based on wind erosion risk areas
(high / very high) in the district.
no areas with high/very high risk of
erosion
≤ 0.10
0.11 – 0.20
0.21 – 0.30
0.31 – 0.40
> 40

Source: Ifuplan / ETH-Zürich 2014.

Data source: BGR 2013: Mittlerer jährlicher potentieller Bodenabtrag durch
Winderosion, Übersichtskarte der Bundesrepublik Deutschland, Digitales Arciv
FISBo BGR; DLR-DFD 2009: CORINE Land Cover (CLC 2006);
Geobasisdaten: © GeoBasis-DE / BKG 2013
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2.2.4

Mitigation of flood hazard by water retention in floodplains

The natural floodplains of rivers have been increasingly narrowed by a straightening of the
watercourses and embankments. Approximately two-thirds of the alluvial floodplains in Germany have been lost in this way. This has the consequence that flood waves are increasingly
higher and the risk of flooding increases.
The natural flood areas in the floodplain of a river absorb water during a flooding event. At
the same time, water is released slower from the side area of the flood plain compared to the
main channel. Thus, the peak height of a flood wave is reduced longitudinally and transversely to the river.
The service of available floodplain areas for water retention and for the reduction of flood
risks can be expressed by the indicator
► Floodable plains outside residential areas, not separated by dams.
In Figure 21, this surface is shown for selected river basins as a percentage value. It should
be examined whether - in order to avoid misinterpretation - the absolute values rather than
percentage values should be used in cartographic representations.
The water retention capabilities of floodplains can be increased through dike shifting and renaturalization. The potential that is available for this purpose corresponds to the loss of
floodable plains (see Figure 21), less the present settlement area. This potential is valuable
information in assessing to what extent this ecosystem service can be restored.
In greatest demand by society are flood plains that have a high damage-prevention effect.
The damage prevention effect is dependent on the position of the area and its retention volume. Retention volumes have not been established nationwide. It is, inter alia, dependent
upon the terrain of the respective area and the extent of the respective high water event.
Since the hydrological effects of floodplains also extend to the entire river coarse, a simple
superposition of river stretches with high “demand” for damage prevention and large flood
area would be poorly suited to deriving consequences for spatial priorities for conservation
activities or new development of floodplains. For this reason, areas for dike relocation
measures are currently assessed individually in terms of their damage prevention potential.
In the development of the indicators it should be assessed whether or not simplified simulation models can be used to capture the flood-damage-prevention effect of floodplains even
more quantitatively (Nedkov and Burkhard 2012).
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Figure 21: Surface of available, submersible floodplain,
not separated by dams, outside of settlement areas

Legend:
(Values in % of currently free submersible floodplain outside of settlement
areas)

≤ 35.8
35.9 – 51.2
51.3 – 60.1

60.2 – 74.7
≥ 74.8

No calculation

Calculations were made from the point of the river where
the catchment area exceeds 1000 km2. Areas near to the
source and tidal areas were not taken into account.

Source: Ifuplan / ETH-Zürich 2014.

Data: BfN 2009: Auenbereiche und Landnutzung für 79 Flüsse in Deutschland (Daten zum Auenzustandsbericht)
Geobasisdaten: © GeoBasis-DE / BKG 2013

Note:
In the interpretation of the map it is to be noted that small remaining remnants of an originally wide
floodable plain can lead to high values when these residues are free or only partially cultivated.
Therefore, this map should not be interpreted without the following representation of floodplain loss
(see Figure 22). In an additional map, the absolute value instead of the relative units of submersible area per river section should be shown.
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Figure 22: Loss of floodplain water retention / retention potential

Legend:

The width of the strips along the rivers corresponds to the retention function of the morphological floodplain.
Loss of floodplain retention
(loss of surface and roughness
compared to morphological
floodplain)
very low
low
distinct
high
very high

≤ 0.2
> 0.2 – 0.4
> 0.4 – 0.6
> 0.6 – 0.8
> 0.8

rivers and canals
large cities
lakes

Source: Scholz et al. 2012; Geobasisdaten: © GeoBasis-DE / BKG
2009, elevation model: srtm.csi.cgiar.org
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Cutaway

2.2.5

Pollination and biological pest control – natural and semi-natural areas and
structures in agricultural landscapes

In addition to their contribution to soil erosion reduction (see 2.2.3) and their recreational
function (see 2.3), small structures such as hedgerows, copses and field margins provide
habitat for pollinator populations and play an important role in the context of natural pest control.
► The proportion of natural and semi-natural areas and small structures in the agricultural
landscape
is determined in Germany at the federal and state levels as part of the registration of natural
and semi-natural habitats in the agricultural landscape (High Nature Value (HNV) Farmland)
for arable land and grassland using representative samples. Due to the sample size, spatially explicit values are only available for the state level.
A methodologically different representation of small structures takes place in Figure 24 “Density of small structures in arable lands” (Julius Kühn-Institut). This assessment is targeted to
arable land only. Forest edges are included. Communities in this assessment that lie below a
target value for small structural units have an interest and the possibility of registering the
small structures which were not detected with the relevant methodology. The published results of the small-scale structure proportions are therefore not fully comparable between areas of high and low small structure proportions. Due to different methodology, the inclusion of
forest edges, and limited to cropland areas there are significant differences compared with
the results for HNV-farmland mapping. Similar to self-cleaning potential of water, additional
knowledge regarding the importance of the pollination service of small structures can be obtained when compared with the demand indicator
► Proportion of pollination-dependent agricultural products
and determined separately for high and low demand situations. For this purpose, the proportion of pollination-dependent agricultural products must be shown on an even smaller scale
than in Figure 25.
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Figure 24: Density of small structures
in arable lands

Figure 23: Development of HNV-landscape
elements and ecosystems in the
agricultural area 2009-2013

2.3 %
2.2 %
4.5 %
4.3 %

6.3 %

5.3 %

* Nordrhein-Westfalen data: 2012

Legend:

Legend:

very low
low

HNV 1 – extremely high nature value
HNV 2 – high nature value
HNV 3 – moderately high nature value
Source: Bundesamt für Naturschutz 2014

middle
high
very high

Source: Neukampf 2010, Julius KühnInstitut

Figure 25: Yield of products that are dependent upon pollination by insects

Legend:
Absolute yield according to type

Proportion of type
compared to entire
yield
Size according to the
crop yield of the Federal
State in dt

Apple
Pear
Sweet cherries
Soure cherries

Tree fruit yields [dt/ha]
50.0 – 75.0
75.1 – 100.0
100.1 – 125.0

125.1 – 150.0
150.1 – 175.0
175.1 – 200.0

Average 2012-2013: Data for the states SchleswigHolstein, Hamburg, Bremen and Berlin not complete

Source: Ifuplan / ETH-Zürich 2014.

Data: Statistisches Bundesamt 2013: Wachstum und Ernte
Baumobst; Geobasisdaten: © GeoBasis-DE / BKG 2013
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2.2.6

Reduction of greenhouse gas emissions (in particular rewetting of peat soils)

The effect of land use and land use change as well as forestry on the greenhouse gas balance is regularly reported in the scope of the Kyoto Protocol in the LULUCF sector (land use,
land use change and forestry) (Umweltbundesamt 2012). The analysis is based on statistical
surveys. A site-specific representation of the effects between the various uses does not exist
yet.
The forest economy currently seems to be structured so that, with the current combination of
carbon storage in forests, carbon storage wood products, and CO2-avoidance through the
use of wood instead of other materials (e.g. in energy production) an improvement of the
greenhouse gas reduction effect by changes in rotation periods seems hardly possible. Data
for the cartographic representation of the carbon bound in plants, to which the contribution of
forest resources are essential, are available (see Figure 26). In view of the above situation
and the high protection of forest stands in Germany, regular monitoring for the goal of maintaining or improving these ecosystem services does not seem necessary. Potential exists to
a limited extent in forest management through afforestation and possibly – in the area of soil
storage – by rewetting of peat land (Naturkapital Deutschland 2014).
About one third of the current greenhouse gas emissions from agriculture are caused each
by the draining of peat soils, by fertilization and by livestock, including manure and slurry
storage. Another factor is the transition from grassland to arable land (compare with the proportion of grassland, see 2.1.2).
Greenhouse gas reduction in the context of fertilization and livestock are more of a reduction
of the negative external effects than they are ecosystem services. In contrast, an important
ecosystem service is the ability of peat lands and peat soils to store greenhouse gases on a
large scale.
The total area of peat soils in Germany is estimated to be, depending on source and boundary, 1.4 - 1.8 million hectares, which is equivalent to approximately 4 - 5% of the area of
Germany. There is approximately 1.2 - 2.4 billion tonnes of carbon stored (corresponding to
about 4.3 to 8.6 billion tonnes of CO2-equivalents) in these soils. Approximately 99% of the
former peat soils have been damaged through drainage, resulting in the decomposition of
the organic compounds in which carbon is stored, which in turn releases the greenhouse gas
CO2. The agriculturally-used former peat soils emit approximately 41 million tons of CO2equivalents per year, which corresponds to approximately 4.3% of Germany's annual gross
total emissions (Landesamt für Landwirtschaft, Umwelt und ländliche Räume des Landes
Schleswig-Holstein 2012, Naturkapital Deutschland 2014).
By re-wetting the peat soils, a further decomposition of the organic substances can be
stopped and the carbon storage function retained. Re-wetting of peat soils can be performed
through sustainable land use systems which require high water levels, so-called “paludicultures”, or through restoration to near-natural habitats.
As an indicator of the service of peat lands and peat soils for long-term carbon storage, it is
proposed that the simplified
► Area of still intact peat lands and re-wetted peat lands
be determined. This area was estimated in 2012 in the peat lands of Germany: SchleswigHolstein, Mecklenburg-Vorpommern, Brandenburg, Bavaria and Lower Saxony to be
90,412 ha. A rough distribution of peat soils in Germany is shown in Figure 27.
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Figure 26: Carbon bound in living
plant biomass

Figure 27: Distribution of peat lands in Germany

fen
raised bog

Legend:
Values in t/ha

Source: according to Schopp-Guth 1999.
Geobasisdaten: © GeoBasis-DE / BKG 2013

no data
Source: Ifuplan / ETH-Zürich 2014.

Daten: Carbon Dioxide Information Analysis Center (CDIAC)
2013: New IPCC Tier 1 Global Biomass Carbon Map;
Geobasisdaten: © GeoBasis-DE / BKG 2013

2.2.7

Microclimatic buffering and balancing features and air filter effect of urban
green areas

Forest edges, hedgerows and water bodies have microclimatic effects which have an impact
on the neighbouring agricultural land. The extent and orientation of these effects are dependent on, inter alia, the respective soils, the location of each element with respect to wind
direction, and the field crops. A comprehensive modelling of these effects would be very
complex and, in view of the rather limited scope of the effects and the limited federal controllability, currently not a priority.
Microclimatic and air filter effects of urban green elements (park, street trees, etc.) are, on
the other hand, of high importance for human health and well-being. In cities, dense development and a lack of air circulation leads to significantly higher temperatures compared with
the surrounding areas. Urban “heat islands” have a negative effect on human health. Particularly at risk are people with cardiovascular disease. Vegetation in the city, including facade
and roof vegetation, lowers the air temperature through, for instance, the evaporative effect
of the foliage. Street trees additionally cool the environment by shading the ground. City
trees and green spaces filter the air and can therefore, inter alia, decrease the concentration
of harmful particulate matter. With street trees in particular, sufficient air circulation in the
road must be ensured.
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As a first rough indicator of the aforementioned microclimate and air filter effects of vegetation in cities the following is proposed:
► Proportion of green spaces (recreational areas, cemeteries and urban forests) in cities.
The indicator could be significantly improved by a complete analysis of the green component
of residential areas (public and private greenery) using remote sensing data. On the basis of
this data the spatial differences in the green areas between different urban areas could also
be analysed (see Figure 28).
► The population density, air pollution levels and the frequency of adverse climatic situations
are indicators with which one could describe the demand for the relevant service of city
green spaces.
1)

Figure 28: Green spaces in urban areas

Legend:
Proportion of green
areas in % of urban
surface area minus
water surfaces in the
respective district or
city

1) Urban areas are the so-called 35 “large cities” and 14 “medium sized cities” according to the Urban Audit (Office for Official Publications of the European Communities 2004). The proportion of green space includes private gardens, roadside
green or green roofs. The minimum surface resolution of the analysis is 0.25 ha.
Source: Ifuplan / ETH-Zürich 2014.
Data: Destatis 2013: Regionalstatistik Bodenfläche nach Art der tatsächlichen Nutzung;
Geobasisdaten: © GeoBasis-DE / BKG 2013
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2.3

Indicators of cultural ecosystem services

In the area of cultural ecosystem services, according to the international classification of
ecosystem services “CICES”, distinctions between the following sub-services are made: the
nature experience, recreational activities, scientific significance, importance to education and
training, natural heritage / cultural significance, use for entertainment purposes, natural aesthetics, symbolic significance of nature, spiritual and religious significance of natural elements, intrinsic value of nature (existence value), value of nature as a legacy (bequest) for
future generations (see Table 2).
Problems related to a lack of common definitions
The conservation of cultural and natural heritage has been integrated into German nature
conservation law, inter alia, under the protection of “historically evolved cultural landscapes”.
When establishing nature reserve boundaries, conservation of cultural landscapes is frequently only a single criterion used amongst others.
One could display all protected areas in Germany which were also designated for the protection of cultural and natural heritage. The total area of these protected areas would account
for a relatively large proportion of the Federal Republic. Due to the jurisdiction of the states it
is unclear whether the designation criteria are directly comparable. In addition, a comparison
of different time points would primarily measure the success of the designation of protected
areas. Whether this also connects additional ecosystem services is uncertain. To date, no
sufficiently operationalized definition for the function of landscapes in the conservation of
natural and cultural heritage has been nation-wide accepted, making it impossible to create a
map corresponding to the landscapes of Germany using uniform criteria.
Related to the cultural significance of landscapes is their function as part of the homeidentity. Here, too, the registration and evaluation criteria are insufficiently developed to allow
for mapping to be performed.
The criterion of missing or incomplete definitions for a cartographic delimitation also applies
to the functioning of ecosystems for science and education (data exists here for, among others, biosphere reservations), for the symbolic meaning of nature and for their use or usability
for entertainment purposes.
For the evaluation of the intrinsic value of nature, which is in practice almost impossible to
separate from the value of the natural heritage which is to be passed on to future generations, a variety of monetary assessments have been done in Germany. These analyses are
based on conservation programs, specific land use types (e.g. conservation of grassland),
the creation of habitats (e.g. for the beaver) or the conservation of certain types of landscapes (e.g. richly textured cultural landscapes) (see the compilation in Bundesamt für Naturschutz 2012, Meyerhoff et al. 2012).
An attempt at a comprehensive classification of ecosystems according to their importance for
the conservation of biological diversity as a value in and of itself, or as a legacy for future
generations, would be based on protected areas (see Figure 28), cross-linking corridors (see
Figure 29) and, beyond this, on the use of nature conservation classification schemes (see
Figure 30), which are also used to implement German legislation on ecosystem impacts
(“Eingriffsregelung”).
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Figure 29: FFH and bird sanctuaries,
conservation areas and national parks in
Germany

Figure 30: Existing areas of national
importance for a national habitat network

Legend:
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Source: Bundesamt für Naturschutz 2014;

Source: Fuchs et al. 2010, updated by
Bundesamt für Naturschutz 2013;

Geobasisdaten: © GeoBasis-DE / BKG 2013

By superimposing with FFH and bird sanctuaries,
national parks and nature reserves are only partially
shown.

Geobasisdaten: © GeoBasis-DE / BKG 2013

Figure 31: Biotope value card for a sub area of Berlin
li
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2014
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As it is unclear whether such a conservation-oriented assessment falls under the intention of
the evaluation of ecosystem services under Action 5, a proposal of an appropriate indicator
is omitted for the time being.
Initial focus on recreation combined with nature experience and aesthetics
Due to the definition problems discussed above, it is recommended to initially assess the nature experience, recreational activities and aesthetics functions of nature.
The recreational needs of the individual vary with respect to the nature experience, specific
recreational activities and aesthetics. For this reason, the chosen route for assessing the
recreation function is to simultaneously consider the above mentioned aspects, instead of
considering each aspect, for instance the aesthetic function of nature, separately.
In addition to the suitability of ecosystems, human interferences such as noise and visual
disturbance effects of residential areas, roads and other infrastructures (e.g. power lines) are
also to be considered in the assessment for recreational services.
Because of the different behavioural patterns and needs associated with each, a differentiation should be also made between “after-work recreation” in close proximity to the city,
“weekend and day recreation” within a maximum of 30-60 km around the city – the exact distances based on technical literature and surveys are still to be defined - and "vacation recreation" with destinations which are more or less independent of the distance from home.
Daily and weekly recreational areas can be – when easy accessibility is to be ensured – particularly scarce in regions that are characterized by intensive agriculture. “After work recreation” is bound to the immediate surroundings of the home, as destinations which are further
away are impractical due to the limited time available after work.
Despite its dense population, Germany offers a number of attractive sites for vacation leisure. Nevertheless, despite the self-interest of their respective communities in the preservation of the scenic attractiveness of their own landscapes, external drivers such as changes in
agricultural production structures (e.g. abandonment of marginal areas in uplands, amplification of maize production) lead also to a deterioration in the supply of recreation-related ecosystem services.
2.3.1

Suitability of the countryside for recreation

The range of recreational activities in the countryside and the variety of recreational areas
available to those seeking relaxation depends not only on natural conditions, but to a considerable degree also on socio-economic factors such as, for example, the population density, the recreational infrastructure including transport connection, the notoriety of communities
as attractive recreation areas, etc. Still, those natural conditions which cannot be, or can only
to a limited extent be, influenced by humans, such as the presence of water bodies (lakes,
seas) and mountains (low mountain ranges, Alps) are to a large degree significant for the
selection of landscapes for recreation.
Ecosystem parameters suitable for recreation which can be influenced include the quality of
flowing and still waters and the nature and diversity of the various land uses (arable, grassland, forest, mixing ratio of said use types, structuring landscape elements, etc.). In addition,
the fact that the positive effects of landscape features, ecosystems and landscapes can be
made partially ineffective by anthropogenic stress factors, including transport infrastructure
and settlements should also be taken into account.
So that indicators for ecosystem services in the area of recreation do not become too complex, and can be formulated in a politically-relevant manner, it should be examined whether
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only the modifiable parameters (including anthropogenic negative effects) be considered and
the remaining variables incorporated into a second indicator, which expresses the special
spatial demand for good facilities with (modifiable) recreation-related structures (see Fig. 32
and 33). Based on such an approach one could – as explained in the previous chapters –
analyse whether changes in the supply of a particular ecosystem service corresponds to a
higher or lower demand.
So far, the two sub-indicators “accessibility of water bodies with bathing water quality” and
“accessibility of protected natural areas” have been determined for the area of recreation in
the landscape (see Figures 34 and 35). It is recommended to expand and enhance these
two indicators in the manner described.

Figure 32: Composition of the indicators for the supply and demand for ecosystem
services in recreation
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ecosystem services
for leisure seekers
Variables:
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use types,
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Figure 33: Population density – example of an indicator for the demand for
recreation
Legend:
Population density
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Source: © mr-kartographie, Gotha,
Bevölkerungsdaten 2007

Figure 34: Supply of bathing waters that comply
with the EU Bathing Water Directive

Legend:

Figure 35: Supply through recreationrelated protected areas
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Fläche und: Bevölkerung; Geobasisdaten: © GeoBasis-DE
/ BKG 2013
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2.3.2

Suitability of urban areas for recreation

For urban areas, the initial basic indicators proposed are:
► The proportion of green spaces in the municipal area (same as above indicator for air
quality and climate function);
► The accessibility of green areas (see Fig. 36).
Because the use of the countryside of surrounding smaller communities for after-work relaxation is of disproportionately high importance, it is proposed that both indicators be used only
for cities above a certain minimum size (e.g. 50,000 or 100,000 inhabitants).
The accessibility indicator can be formulated more accurately if, instead of a general minimum distance, the actual accessibility on foot, by bike, by public transport or by car is calculated. The consideration of the specific qualities of the various green spaces (such as size) in
the analysis would be of particular importance for the accessibility indicator.

Figure 36: Accessibility of green space – the proportion of residential areas of large cities
which are within a maximum distance of 300 meters from public green spaces

Legend:
Values in %
50.0 – 60.0
60.1 – 70.0
70.1 – 80.0
80.1 – 990.0
90.1 – 100.0
Source: Ifuplan / ETH-Zürich 2014.
Data: EEA 2010: GMES Urban Atlas; Geobasisdaten: © GeoBasis-DE / BKG 2013, Digitales Basis-DLM
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Supplement through a representative sample set for supply and demand of
recreational areas
Indicators emanating from recreation suitability of ecosystems have the disadvantage that
use and needs aspects are only taken into account as auxiliary variables (e.g. population
density, as above). A more accurate assessment of the provision of the German population
with ecosystem services for after work and weekend leisure could be based on a representative sample of residential locations and the subsequent GIS-based analysis of the recreational facilities at different distances from the respective place of residence. Detailed usage
and demand data could be also collected, which would include the recreational-relevant anthropogenic infrastructure (e.g. biking trails, opportunities for recreational sports, etc.).

3.

Notes on selected questions – information regarding the further
development of indicators

3.1

Requirements on the accuracy of collection and analysis: warning system or
contribution to a welfare index

Indicators for ecosystem services can be understood as being a type of warning system
which has the function of identifying potential problems in advance. Should continuing negative trends appear or should warning thresholds be exceeded, detailed follow-up studies
could be used to determine whether or not present or future welfare losses are to be expected by a decline in ecosystem services and how severe these problems will be. Such
warning indicators would provide only the minimum requirements for accuracy of the detection and evaluation. The indicators proposed above should meet the requirements of an appropriate objective for the subject area.
On the other hand, indicators with more stringent accuracy requirements are those that correlate closely enough with current or future welfare losses or gains to be able to support decisions as to where the highest need for counter measures appear. Such indicators would
have to be, for example, suitable for comparing different spatial characteristics with each
other. The proposed set of indicators should meet the corresponding requirements in at least
some cases.
The highest requirements for collection and evaluation exist if indicators demonstrate welfare
changes through loss or gain of ecosystem services in such a way that they can be compared with each other and also with welfare changes on the product market. The abovementioned indicators do not fulfil this requirement in their present formulation. They could,
however, potentially provide important input information for appropriate indicators.
Action 5 requires, in addition to the detection and assessment of the ecosystem services, the
assessment of the condition of the ecosystems themselves. Once national site-specific data
are available, it should be assessed whether consideration of this additional data improves
the informative accuracy of the assessment of the ecosystem services.
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3.2

Indicators for conditions and/or development opportunities of ecosystem
services

Often, environmental indicators focus on describing the current environmental conditions; in
the present case, this would be the current performance and potential of the ecosystems.
The goal here is to initiate targeted counter measures should negative trends appear or sustained loads be present. A perspective based only on the current conditions is not sufficient,
particularly for ecosystem services.
Indicators for ecosystem services should not only illustrate the dependence of man on nature
but also have the function of allowing society to keep an eye on the possibilities that nature
offers. The objective, therefore, is the long-term and sustainable use and protection of nature
and ecosystems to the benefit of present and future generations, without destroying it/them.
To this end it, the current performance of ecosystems, as well as the development opportunities, should be considered. If, for example, floodplains have largely lost their function for water retention through the building of narrow dikes, it is not enough to focus on the prevention
of a further narrowing of the river, but also consider the possibilities offered by restoring natural floodplains for flood protection and other ecosystem services. The same applies to the
function of wetland restoration for climate protection. Indicators for ecosystem services
should therefore be designed, whenever possible, to identify not only losses, but also favourable, so far unused development opportunities.
The illustration of development potential also offers additional opportunities for demonstrating synergies between the protection and development of ecosystem services and the development of favourable conditions for the development of biological diversity.

3.3

Consideration of supply and demand

Currently available data on some ecosystem services are insufficient to generate reliable indicators for the actual use of the ecosystem service. Examples are the effect of water retention on flood damage, the effect of pollination, plant protection and erosion protection functions of small structures in the agricultural landscape on agricultural production and the contribution of ecosystems to the actual recreational use.
The recreational uses of landscapes must, for example, not necessarily be high there where
the landscape is particularly diverse and attractive. Less attractive landscapes can also be
important for relaxation, when they are near densely populated areas where a higher need
for relaxation exists. A similar relationship exists for water retention and flood damage prevention. A relatively small volume of additional water retention can be very important in particular hydrological and geographical situations for society if it prevents particularly costly
flood damage. In such cases where the spatially specific supply of ecosystem services is
matched by a spatially specific demand, it is proposed that, in addition to the indicator for the
supply of ecosystem services (or for the suitability of an ecosystem for a specific use), a
second indicator which reflects the specific demand for the ecosystem service at this location
be used.
This method would make it possible to draw conclusions about which changes in the supply
of ecosystem services have taken place in areas of high, and which in areas of low demand,
which can be essential for a societal evaluation.
Alternatively, one could also try to model the relationship between supply and demand and
build a complex indicator for the value of the services actually used. Such an approach is
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only helpful if the modelling is sufficiently scientifically validated and the resulting complex
indicator remains easy to understand.
It should be examined, in which of these areas progress can be achieved in the future.

3.4

Current, future or potential services

Ecosystem services are, according to the prevailing definition, goods and services provided
by nature that contribute to individual and social welfare. According to this definition, it is not
a priori determined whether it describes solely the current use or also the future contribution
or – even further reaching – to the acquisition of future usability (potential) in terms of a socalled option value.
As a rule, long-term effects are crucial for public decisions. In order to estimate these it is
necessary to, inter alia, predict future changes in the supply and demand for ecosystem services. On this basis it is possible to design alternative scenarios which can support long-term
decisions better than a simple assessment of the current situation. It is necessary to examine in which areas these scenarios will be of particularly importance in the future.
An easily implementable recommendation that arises from the uncertainty of future development is to always consider, in addition to the currently used services, the (present and future)
services available as well as – to use related terms – the performance of their potential or
capacity. Such an approach is also in line with the German Nature Conservation Act for the
preservation of the capacity of the natural environment. In addition, it also meets the requirements for a full national account. A national account includes, in addition to the socalled “income account” which contains the current transactions of the last economic period,
a so-called “capital account” as well. In the capital account, the scope and the changes in the
various capitals are reproduced. If a high consumption is achieved through the reduction of
capital, this usually means less potential for earning income in the future periods. Such relationships also apply to the current use and the future supply of ecosystem services.
In the proposed set of indicators, the supply of ecosystem services is, as a rule, always represented.

3.5

Differentiating between ecosystem service and product

Ecosystem services are involved in the generation of a variety of products, from the production of the drinking water that is supplied to each household to agriculture, forestry, fishing
products. Often the quantity of the products produced is used as an indicator of ecosystem
service (these quantities are regularly statistically recorded). This can be problematic.
Reduced soil fertility caused by erosion or loss of arable land through settlement activity can
be compensated by increasing the input in the same or another place. An indicator that detects only the amount of product would insufficiently or not at all reflect the loss of soil fertility.
Better suited for the representation of ecosystem services are, therefore, indicators which do
not measure the level of production, but rather nature's contribution to the production of the
products within a broader production function, which also takes into account other anthropogenic contributions.
One such indicator is the Muencheberg Soil Quality Rating, which is tied historically and
conceptually to the land valuation of the so called “Reichsbodenschätzung” which began in
1935. This method mathematically links soil characteristics to other performance-critical site
conditions, resulting in a total value which correlates with the soil quality for farming of the
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respective location. This indicates, in the case of a score of 40 and a score of 80, that the
crop produced on the 80-scored soil will normally be twice the size as the crop produced on
a 40-scored soil. It is possible that the values calculated are not completely independent of
changes through human use, as it is perhaps economically optimal to vary the input depending on the soil fertility. At a minimum, the use of an indicator based on natural conditions prevents misinterpretation, if yield changes are attributable to changes in human input.
It should be noted in this context that in the economic analysis, the value of the contribution
of soil or areas to production is seen, as a general rule, only in the so-called ground rent,
which is expressed as lease price. The ground rent includes only a part of the product price.
Even in economic terms, the value of the ecosystem service is not the total value of the
product but makes up only a part of the product price.

3.6

Intermediate and final ecosystem services – avoid double counting

Another frequently discussed aspect is the difference between intermediate and final ecosystem services. Hedges and copses in agricultural landscapes can reduce water and wind erosion, thereby maintaining the contribution of soils to crop production as well as soil fertility.
One of the indicators for the future development of fertility of soils in erosion-prone landscapes is therefore endowment of erosion mitigation landscape features. The fertility of soils
and their development can also be measured directly, for example through soil sample
measurements.
The contribution of landscape elements to the mitigation of soil erosion is an intermediate
ecosystem service. Soil fertility and the contribution of soils to crop production would, in this
case, be the final service. If both intermediate and final services are measured, the possibility that some double counting can occur must be considered.
The proposed indicator “natural fertility of arable soils” does not present this risk, as the
Muencheberg Soil Quality rating is based on pedological data that does not reflect current
changes in the soil conditions. The values are, as it were, “fixed”. The indicator value only
changes when agricultural soils are re-zoned, for instance, for residential and traffic use.
An estimation of erosion processes is therefore suitable for providing additional information
about the further development of soil fertility which is not shown by the data of the Soil Quality Rating.
A contrasting problem can occur when a single indicator represents different services. The
proportion of small structures in the agricultural landscape represents pollination, pest control, prevention of wind and soil erosion and recreational suitability. The proportion of public
green spaces in urban areas is proposed as a (very) rough indicator of the recreational
benefits of urban green areas and also as an indicator of air filtration and microclimatic effects that have positive effects on health. This variety of services must be taken into account
in the interpretation of the indicator values and their changes.

3.7

Use of simple or complex data modelling

Modelling will only be used for a few of the proposed set of indicators. Only the
Muencheberger Soil Quality Rating, the indicator for the relative protection of groundwater
resources through soil and geological layers and the estimation of soil loss due to water erosion provides a modelling of ecological cause and effect relationships. In the other cases only “basic” data is shown.
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A modelling of ecological links or supply-demand relationships (see above) can help to improve the assessment of services. Examples are:
- Flood modeling depending on the capacity for water retention
- Modeling of pollination as a function of the distance between loading pollinator population
and acreage of different crops
- Modeling of erosion reduction through linear structures as a function of slope, crop and
orientation of the structure
- Comprehensive modeling of the nitrate content in groundwater
- Effect of urban green areas on maximum temperatures
- Modeling of the visitation of recreational areas as a function of recreational suitability, accessibility and population density
- Etc.
Sufficient data bases, appropriate use of modelling and sufficiently reliable modeling approaches that are recognized both by expert as well as by non-experts and that lead to results that are easily interpreted are prerequisite for the successful use of modeling for better
informed policy decisions.
These requirements were assumed as being fulfilled for the three complex indicators mentioned above. If the requirements for the additional, above proposed models are met is not
clear, at least in terms of nationwide applicability.
In order to further develop the indicators, modelling approaches which are suitable for the
production of greater significant results must be examined.

3.8

Previously unrecognized ecosystem services

The indicators presented above cover, directly and indirectly, a large fraction of the ecosystem services specified in the CICES catalogue (see Table 2).
The remaining gaps (see Table 3) are explained mainly by the fact that:
- Some ecosystem services are currently insufficiently defined (e.g. many cultural benefits,
see 2.3 above);
- Certain ecosystem services in Germany are not at risk or their use is already regulated to
the extent that further need for government intervention is doubtful (e.g. game species;
biomass stored in living plant biomass, see Chapter 2.2.5 and Figure 26; the quantitative
water supply, due to the high supply and falling demand, see Chapter 2.1);
- Some ecosystem services have such low importance for Germany that incorporation into
a national indicator set does not make sense (e.g. commercial fishing in inland waters);
- In some cases, the evaluation of ecosystem services deliver results that are very similar
to an evaluation of biodiversity carried out for the same area. In these cases such ecosystem services are not regarded in this paper.
Previously, only a relatively small group of experts have participated in the selection of relevant ecosystem services. The list should therefore be reviewed once again by a broader
panel of experts.
The ecosystem services specific to seas and coasts have not been considered in the drafting
of the proposed set of indicators. This must be performed in a subsequent step.
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In general, it must be clarified in the European consultation process, whether the addition of
further ecosystem services is still required to enable a harmonized implementation of Action
5 at the European level.
As, for example, chapter 2.1.2 on animal production showed, Germany relies on and also
influences to a considerable extent ecosystems and ecosystem services abroad. This dependency in combination with its impacts should also be a relevant issue in future studies.

Legend for Table 3: “Selection of relevant ecosystem services - priority-setting”
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Table 3: Selection of relevant ecosystem services - priority-setting
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