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Background

The EU Biodiversity Strategy 2020 asks all EU member state to map and
assess the state of their biodiversity, ecosystems and the services they deliver

Mapping and Assessment of Ecosystems and their Services (MAES) includes:
(1) mapping the ecosystems,
(2) assessing ecosystem conditions,
(3) assessing ecosystem services and

(4) integrated ecosystem assessment with connection to natural capital
accounting.

MAES outcomes are to be integrated in national as well as EU reporting
systems (by 2020)
In Germany, the Federal Nature Conservation Agency (the state authority

responsible for MAES in Germany) has been funding related research and
development projects

Together with other related institutions and projects (such as “Naturkapital
Deutschland” TEEB-DE or EU H2020 ESMERALDA and MAIA), ES indicators,
maps and accounting systems for Germany have been developed

Benjamin Burkhard, Karsten Grunewald, Beyhan Ekinci, Burkhard Schweppe-Kraft Page 2
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Indicator development Discussion paper

Development of National Indicators for
Ecosystem Services

* Prioritization of ES classes Recommendations for Germany
based on expert Christian Albert, Benjamin Burkhard, Sabrina Daube, Katharina Dietrich,
Barbara Engels, Jakob Frommer, Manfred Goétzl, Adrienne Grét-Regamey,
assessme nt Beate Job-Hoben, Roger Keller, Stefan Marzelli, Christoph Moning,

Felix Miiller, Sven-Erik Rabe, Irene Ring, Elisabeth Schwaiger,
Burkhard Schweppe-Kraft, Henry Wiistemann

« 21 of the 48 CICES classes
(Common International
Classification of Ecosystem
Services) were most
relevant for Germany in
recent years

Draft: 29.09.2014

Please do not circulate.

After full clarification of copyrights, an official version will be
available on the BfN-Homepage

BfN-Skripten XXX
Federal Agency

for Nature
Conservation 201 4

Benjamin Burkhard, Karsten Grunewald, Beyhan Ekinci, Burkhar Page 3




#

Leibniz

o amschatroakologic /“,\y Biophysical quantification of ecosystem services in Germany i1 KUSEE

Hannover

Indicator development

Ecological Indicators 61 (2016) 38-48

Contents lists available at ScienceDirect

« Atotal of 51 indicators
were accepted and N
pub"shed by the end of ELS] " journal homepage: www.elsevier.com/locate/ecolind
2016

. .. Towards a national set of ecosystem service indicators: Insights from  /
- Differentiation of ES Germany y g Q) s

dellve ry N ES Supply Christian Albert®P* Aletta Bonn©%°, Benjamin Burkhard®{, Sabrina Daube?,

Katharina Dietrich?, Barbara Engelsh,Jakob Frommer!, Martin Gotzl,

and demand Adrienne Grét-Regamey, Beate Job-Hoben", Thomas Koellner!, Stefan Marzelli%,
Christoph Moning?, Felix Miiller¢, Sven-Erik Rabe¥, Irene Ring™, Elisabeth Schwaiger,
Burkhard Schweppe-Kraft"*, Henry Wiistemann"

Ecological Indicators

3 Leibniz Universitit Hannover, Institute of Environmental Planning, Hannover, Germany

b UEZ — Helmholtz Centre for Environmental Research, Department Environmental Politics, Leipzig, Germany
€ UFZ - Helmholtz Centre for Environmental Research, Department Ecosystem Services, Leipzig, Germany

4 German Centre for Integrative Biodiversity Research (iDiv) Halle-Jena-Leipzig, Germany

® Kiel University, Institute for Natural Resource Conservation, Kiel, Germany

! Leibniz Centre for Agricultural Landscape Research (ZALF), Miincheberg, Germany

& [fuplan - Institut fiir Umweltplanung und Raumentwicklung, Miinchen, Germany

" Federal Agency for Nature Conservation (BfN), Centre of Excellence “Ecosystem Services/Natural Capital Germany” (KNK), Bonn, Germany
t Umweltbundesamt, Dessau-RofSlau, Germany

J Umweltbundesamt, Vienna, Austria

¥ ETH Ziirich, Institute for Spatial and Landscape Planning, Zurich, Switzerland

! University of Bayreuth, Faculty of Biology, Chemistry and Earth Sciences, BayCEER, Bayreuth, Germany

™ UFZ — Helmholtz Centre for Environmental Research, Department of Economics, Leipzig, Germany

" Berlin Institute of Technology (TU Berlin), Department of Environmental and Land Economics, Germany

© Friedrich-Schiller-University Jena, Institute of Ecology, Jena, Germany

ARTICLE INFO ABSTRACT

Article history: Target 2, Action 5 of the EU Biodiversity Strategy requests member states “to map and assess ecosystems
Received 7 November 2014 and their services” (Mapping and Assessment of Ecosystems and their Services - MAES initiative). The
Received in revised form 20 August 2015 objective of this paper is to present and discuss the preliminary outcomes of the approach taken to
Accft-pted 28 August 2015 define indicators for implementing MAES in Germany. The paper introduces the requirements for using
Available online 26 September 2015 - 5 . . n . .
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
. . S contributions and human inputs to the generation of ecosystem services. An adapted, differentiated,
Ben] amin Bu rkhard, Karsten Grunewald 1 Beyhan E E:‘;‘::’;;ﬁ:ew[ces ecosystem services terminology is presented and a first set of indicators is introduced and explained.
Indicatnre The paper closes with an estimate of potential benefits of information produced by implementation of a
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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*)

Regulation &
maintenance services

Cultural services

Nutrition materials
energy

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

Mediation of flows

Maintenance of
physical, chemical,
biological conditions

Physical and
intellectual
interactions with biota,
ecosystems, and
landscapes

Providing food and
bio-energy from fields
Providing fodder from
grasslands

Providing timber
products

Regulating water
quality by waterways

Regulating
groundwater quality

Mitigating erosion

Mitigating flood
hazards

Facilitating pollination
and biological pest
control

Storing greenhouse
gases

Mitigating greenhouse
gas emissions
Regulating local
climate and air quality

Providing
opportunities for
recreation

Providing
opportunities for
recreation in urban
areas

Natural fertility of arable soils

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

Timber stocks (sustainable yield by
logging)

Naturalness of river beds and
floodplains

Proportion of forest and grassland
Protection of soils and geological
layers

Proportion of area with a certain
minimum ground coverage by
continuous vegetation cover
Proportion of natural and
semi-natural small structures in
the agricultural landscape

Water retention capacity in flood
plains

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

Surfaces of drained/rewetted
peatlands

Contribution of land use change
and forestry

Proportion of green spaces in
settlement areas

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

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

24

2*),3%)
2%)

Current water quality
below water guality
standards

Proximity of drinking
water wells, water
protection areas
Active floodplains,
areas of steep slopes,
areas with sandy soils
(easily blown away
when dry)

4%)

Proportion of arable
crops demanding
insect pollination
2%

2%)

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

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

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
help to point out additional grassland services e.g. for freshwater supply. erosion mitigation or cultural services more explicitly. A decision between alternatives should be

based on a test of the whole set.
4*) Relationship between water retention and reduced damage currently only inaccurately modelled in Germany.

Page 5
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Provisioning ES (potential) food and bio-energy

from fields

Based on agricultural yield potential (Miincheberg Soil

Quality Rating)

Data source: SQR1000 V1.0, (C) BGR, Hannover (2013).
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* Only selected ES indicators of Germany’s Ecosystem Services - State of the
relevance are |mp|emented and Indicator Development for a Nationwide
mpnltored In Germany _ Assessment and Monitoring
(different to other countries)

Karsten Grunewald®, Ralf-Uwe Syrbet, Ulrich Walz¥, Benjamin Richterf, Gotthard Meinel*, Hendrik

i For eaCh ES’ detalled Heroldt, Stefan Marzellil

1 Lelbniz Institute of Ecological Urban and Regional Development, Dresden, Germany
§ Hochschule for Technik und Wirtschaft Dresden, Dresden, Germany

S peCifi Cati O n S h eetS d escri bi n g | lfuplan - Institut fir Umweltplanung und Raumentwicklung, Munich, Germany
the indicator were developed

Corresponding author: Karsten Grunewald (k.grunewald@ioer.de
Academic editor: Miglena Zhiyanski
Received: 06 Jun 2017 | Accepied: 04 Jul 2017 | Published: 06 Jul 2017

Citation: Grunewald K, Syrbe R, Walz U, Richter B, Meinel G, Herold H, Marzelli S (2017) Germany’s Ecosystem
Services — Siate of the Indicator Development for a Nationwide Assessment and Monitoring. One Ecosysiem 2:
©14021. https://doi.org/10.3897/oneeco.2.e14021

Abstract

The obligations of the EU Biodiversity Strategy 2020 are generating a need to create
national maps and monitoring systems for the state of biodiversity and ecosystem services
(ES) on the basis of indicators. The paper gives an overview of the ecosystem services
indicators being developed for Germany in the context of ongoing research projects.
Additionally, it provides the indicator specifications, which are aligned with the EU MAES
framework concepts (initiative on Mapping and Assessment of Ecosystems and their
Services).

https://oneecosystem.pensoft.net/article/14021/ Grunewald et al. (2017) — One Ecosystem
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CICES ES class

Indicators
M = Main indicator
S = supplementary indicator

Average value for all of
Germany (year)

Fibres and other materials from

plants, algae and animals for direct

use or processing (forest wood
material)

M Annual usable wood
accrual

S1 Forest area

S2 Wood stock

S3 Development of the annual
logging and wood utilization

S4 Change in wood stock as
balance of growth and
extraction

S5 Proportion of near-natural
forest areas

S6 Proportion of unfragmented
forests > 50 km2 in reference
area

11.2 m2 hal a'l (mean value
2002-2012)

11,419,124 ha (2015)
forest area 336 m3 ha'l (2012)
40.2 million tons (2013)

increase of 106.6% (2002-
2012)

15% natural; 22% near-natural
(2012)

3.5% (2014)

Flood protection

M Area for flood retention

S Proportion of built-up areas in
the current floodplain

547,550 ha (2015)
3.9 % (22,076 ha) in 2015

Grunewald et al. (2017) — One Ecosystem

Benjamin Burkhard, Karsten Grunewald, Beyhan Ekinci, Burkhard Schweppe-Kraft
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CICES ES class

Indicators
M = Main indicator
S = supplementary indicator

Average value for all of
Germany (year)

Mass stabilization and control of
erosion rates

M Avoided water erosion
S1 Actual water erosion

S2 Water erosion avoided by
small landscape structures

S3 Proportion of organic
farming

14.8thatal (2012)
1.4thatlal(2012)
0.5thala?(2012)

1.9% of arable land (2012)

Experiential use of plants, animals
and land-/seascapes and physical
use of land-/seascapes in different
environmental settings (= 2 CICES-
classes)

M Accessibility of green
spaces

S Green-space provision per
inhabitant related to total
amount of green space

74.3% of city dwellers (2013),

calculated for all cities = 50,000

inhabitants
250 m2 (2013)

Benjamin Burkhard, Karsten Grunewald, Beyhan Ekinci, Burkhard Schweppe-Kraft

Grunewald et al. (2017) — One Ecosystem
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Examples of mapped main indicators

0 50 100 Kilometers
IS E—

Annual usable wood accrual (2002-2012) Germany: 11.2m*ha’a’  Avoided soil erosion (2012) Germany: 14.8tha” a”

Wood accrual in the forests as quantity of potentially usable raw wood  Avoided soil erosion by water through ecosystems in tha™ a™
(mean 2002-2012) in m* ha'a™

A A A A Forest occupancy 0 25 5 10 16 25 50 100 150
9.2

100 1.0 120 123

Map: B. Richter, H. Herold, IOER (2017)

Database: National Forest Inventory @Thinen Institute (2012); LBM-DE 2012 @GeoBasis-DE / BKG (2016) E Leibniz Institute of
ATKIS Basic-DLM; VG25 ©GeoBasis-DE / BKG (2014,2016); Population raster census 2011 ©Destatis (2015); Ecologlcal Urban and
Floodplains in Germany ©&Federal Agency for Nature Conservation (2009), Basic raster geometries (INSPIRE grid 1 km}. Regional Development

Benjamin Bulr\llalu, INNAI LTI virulicvwailu, I_)Cylla.ll NIV, puiniiaruvu \)\JIIVVCPPC'I\IQIL Page 10
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Examples of mapped main indicators

100 km

Availaibility of public green spaces in a distance of 1 km from the residence

Griinflaichensumme in ha/Finwohner pro Gemeinde Stadte >100.000 Ew.

<0.5 | Stadtgrenze Leibaiz-dnstitut
:I [— Kir dkologische
[] o510 Raumentwlcklung
] 10as
Geodaken: ATKIS Basis-OLM @) GeoBasis-DE/
D 15-20 BKG 2012*; VG250 © GeoBasis-DE / BKG
D 2.0-2.5 2018; Zemsus2011-Punkte (D Destatis
20-2. Karte: Axel Sauer, IOR 2020
B 2530 htpdf
| S b, pobics
| EEEET
Bl -0

0 50 100 Kilamatars /
I — 4

Area for flood retention (2015) Germany: 5495.5 km?
Area of recent floodplains minus built-up settlement area
and transport space in ha

- I
0 25 50 75 100

(historical)

2012 @GeoBasis-DE / BKG (2016)
Population raster census 2011 ©Destatis (2015);
ation (2009), Basic raster geometries (INSPIRE grid 1 km}.

1 oSCnweppe-Krart

Leibniz Institute of
Ecologlcal Urban and
Regional Development

Leibniz

Universitat
Hannover
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Further proposed nationwide ES indicators
(some are currently still under development and/or negotiation)

ES class (according to CICES)

Groundwater for drinking

Cultivated crops

Reared animals and their outputs

Materials from plants, algae and animals for agricultural use

Plant-based resources

Indicators (first pre-proposal)

M proportion of drinking water extracted (from
groundwater) with respect to newly formed

groundwater

M Change in yield potential

S1 Harvest statistics grain units
S2 Proportion of agricultural area
S3 Proportion of organic farming

M Stocking density (administrative area)
S1 Stocking density (agricultural area)

S2 Animal nitrogen fertilizer

M Grassland area
S Grassland area (agricultural area)

M Area for cultivating non-wood energy crops

Grunewald et al. (2017) — One Ecosystem

Benjamin Burkhard, Karsten Grunewald, Beyhan Ekinci, Burkhard Schweppe-Kraft Page 12
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Further proposed nationwide ES indicators
(some are currently still under development and/or negotiation)

ES class (according to CICES) Indicators (first pre-proposal)

Filtration/sequestration/storage/accumulation by ecosystems M Protection potential of the groundwater cover
(zone of aeration)
S1 Nitrate pollution of groundwater
S2 Extraction of drinking water from groundwater
S3 Superposition of demand from GW aquifers of

different levels of protection potential

Dilution by atmosphere, freshwater and marine ecosystems M Proportion of waterbodies with good
hydromorphological state
S1 Biological water quality
S2 Demand through use of drinking water

Regulating and maitenance ES

S3 Demand by residents for recreational use
S4 Chemical state of the surface waters

Pollination and seed dispersal M Pollination potential
S1 Bee colonies in Germany
S2 Yield of tree fruits
Grunewald et al. (2017) — One Ecosystem

Benjamin Burkhard, Karsten Grunewald, Beyhan Ekinci, Burkhard Schweppe-Kraft Page 13
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Further proposed nationwide ES indicators
(some are currently still under development and/or negotiation)

ES class (according to CICES) Indicators (first pre-proposal)
Global climate regulation by reduction of greenhouse gas M Annual net effect of ecosystems
concentrations S1 Absolute value of the CO, stock

S2 Index of the change in CO, stock

Ventilation and transpiration; Micro and regional climate M Specific green volume

regulation (we combined these two CICES-classes for practical S Population density / degree of sealing

Regulating and maitenance ES

reasons)

Chemical condition of freshwaters M1 Denitrification in the waterbody
M2 Phosphorus retention in the waterbody

Pest control M Density of small-scale structures in farmland or
in specialty crops

Maintaining nursery populations and habitats M Main areas of distribution with cultured species

of related wild plants

Grunewald et al. (2017) — One Ecosystem

Benjamin Burkhard, Karsten Grunewald, Beyhan Ekinci, Burkhard Schweppe-Kraft Page 14
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Further proposed nationwide ES indicators
(some are currently still under development and/or negotiation)

ES class (according to CICES) Indicators (first pre-proposal)
% Experiential use of plants, animals and land-/seascapes in M Agricultural potential for leisure-time, daily and
© different environmental settings weekend recreation
% Aesthetics M Aesthetic value of the landscapes

Existence value M Landscape diversity

Grunewald et al. (2017) — One Ecosystem
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Outlook
. . . Nature under Pressure
d FlnallzatIOn Of the MAES'reIated Work Report on the state ofecc;s::?::’z:r:c;lheirservices for society
* Improvement Of the SeIeCted quantlflcatlons German MAES-Report on Target 2, Action 5 of the EU-Biodiversity
. . . . Strategy 2020
« Integration of biophysical and social-cultural .
(Working title)

as well as economic indicators

« MAES-DE indicators to be used in different
policies (e.g. agriculture, forestry, tourism, o Frdreit 00 Auguer202
. — WOrK In progress: neither circulate nor cite —
planning, flood control)

 MAES-DE indicators as a nationwide data
base for enhanced landscape planning

Benjamin Burkhard, Karsten Grunewald, Beyhan Ekinci, Burkhard Schweppe-Kraft Page 16
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« National Ecosystem Assessment (NEA-DE)?

Towards a National

Ecosystem Assessment in Germany
A Plea for a Comprehensive Approach

We present options for a National Ecosystem Assessment
in Germany (NEA-DE) that could inform decision-makers on the Christian Albert, Carsten Nefthover, Matthias Schroter,
state and trends of ecosystems and ecosystem services. Heidi Wittmer, Aletta Bonn, Benjamin Burkhard,
Characterizing a NEA-DE, we argue that its cross-sectoral, Jens Dauber, Ralf Déring, Christine Fiirst, Karsten Grunewald,
integrative approach would have the advantages of increased Dagmar Haase, Bernd Hansjiirgens, Jennifer Hauck,
scientific understanding, addressing specific policy questions and Mandy Hinzmann, Thomas Koellner, Tobias Plieninger,
creating science-policy dialogues. Challenges include objections Sven-Erik Rabe, Irene Ring, Joachim H. Spangenberg,
against a utilitarian perspective, reservations concerning power Ulrich Stachow, Henry Wiistemann, Christoph Gérg

relations, and responsibilities concerning the funding.

Benjamin Burkhard, Karstg Towards a National Ecosystem Assessment in Germany. A Plea for a Comprehensive Approach | GAIA 26/1(2017):27-33

Keywords: assessment, biodiversity, ecosystem services, science-policy dialogue, transdisciplinary approach
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Conclusions on the process

Lot of capacity and data available in Germany
Bringing together expertise (and data) is challenging

Federal structure of Germany with varying policies (also concerning data
collection and distribution) is also challenging

Lots of work done on regional/local scales (focus here was on national scale
studies)

Expectations (from science and policy) are massive - pressure ...

Outcomes of biophysical ES accounting feed into overall German NCA, including
extent, condition and economic accounting (another respective follow-up R & D
project has just started)

Results will certainly (sooner or later) be implemented in policy and decision
making, at least once they are in the official reporting systems

Benjamin Burkhard, Karsten Grunewald, Beyhan Ekinci, Burkhard Schweppe-Kraft Page 18



. . . . . . . . !;’l Leibniz
e e e 2Oy Biophysical quantification of ecosystem services in Germany [REF BEREEE

too:4 | Hannover

Selelcted references/further reading

= Albert C, Burkhard B, Daube S, Dietrich K, Engels B, Frommer J, Gotzl M, Grét -Regamey A, Job -Hoben B, Keller R, Marzelli S,
Moning C, Muller F, Rabe SE, Ring I, Schwaiger E, Schweppe-Kraft B, Wistemann H (2015b) Development of National Indicators for
Ecosystem Services Recommendations for Germany. Discussion Paper 411.

] Albert C, NeBhover C, Schréter M, Wittmer H, Bonn A, Burkhard B, Dauber J, Ddring R, First C, Grunewald K, Haase D,
Hansjurgens B, Hauck J, Hinzmann M, Koellner T, Plieninger T, Rabe S, Ring |, Spangenberg J, Stachow U, Wistemann H, Gérg C
(2017) Towards a National Ecosystem Assessment in Germany: A Plea for a Comprehensive Approach. GAIA - Ecological
Perspectives for Science and Society 26 (1): 27-33.

. Bicking, S., Steinhoff-Knopp, B., Burkhard, B., Mdller, F. (2020): Quantification and mapping of the nutrient regulation ecosystem
service demand on a local scale. Ecosystems and People 16 (1): 114-134.

. Burkhard B, Kandziora M, Hou Y, Miiller F (2014) Ecosystem Service Potentials, Flows and Demands — Concepts for Spatial
Localisation, Indication and Quantification. Landscape Online 34: 1-32.

. European Commission (2011:) Our life insurance, our natural capital: An EU biodiversity strategy to 2020. Communication from the
Commission to the European Parliament, the Council the Economic and Social Committee and the Committee of the Regions. COM
244 final.

. Grunewald K, Syrbe R, Walz U, Richter B, Meinel G, Herold H, Marzelli S (2017) Germany’s Ecosystem Services — State of the
Indicator Development for a Nationwide Assessment and Monitoring. One Ecosystem 2: e14021.

" Grunewald K, Herold H, Marzelli S, Meinel G, Syrbe RU, Walz U (2016) Assessment of ecosystem services at the national level in
Germany — illustration of the concept and the development of indicators by way of the example wood provision. Ecol. Indicators 70:
181-195.

. Grunewald K, Richter B, Herold H, Meinel G, Syrbe RU (2017) Proposal of indicators regarding the provision and accessibility of
green spaces for assessing the ecosystem service “recreation in the city” in Germany. International Journal of Biodiversity Science,
Ecosystem Services & Management 13 (2): 26-39.

" Hermes, J., C. Albert, C. von Haaren (2018): Assessing the aesthetic quality of landscapes in Germany. Ecosystem Services 31:
296-307.

= Rabe, S.-E., Koellner, T., Marzelli, S., Schumacher, P., Grét-Regamey, A., (2016): National ecosystem services mapping at multiple
scales — The German exemplar. Ecological Indicators 70: 357-372.

. Steinhoff-Knopp, B. & Burkhard, B. (2018): Mapping Control of Erosion Rates: Comparing Model and Monitoring Data for Croplands
in Northern Germany, One Ecosystem 3: e26382.

Benjamin Burkhard, Karsten Grunewald, Beyhan Ekinci, Burkhard Schweppe-Kraft Page 19



