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Structure
1. The indicator approach
2. Methodical framework
3. Examples of mapping

and assessment 
4. Application

Ecosystem Services – Mapping, 
Assessment and Perspectives of 
Application

Dr. Ralf-Uwe Syrbe (IOER)

https://www.ioer.de/
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The change of lifestyle and the necessity of a 
„Great Transformation“ (WGBU)

Abb.: Eururalis

Forseeable expiring 
natural ressources
Economic expansion up 
to the limits of the planet
Losses of habitats and 
species
Deeper segmentation of 
society
Shrinking government 
authority
Increased significance of 
cultural values 

https://www.ioer.de/


3 of 37Ralf-Uwe Syrbe https://www.ioer.de
Seasonal School „Actual Problems of Landscape Sciences: Environment, Society, Politics“

Why Ecosystem Services?
Market failure regarding common / public goods

Market rules endanger nature capital!
If you cannot exclude 

ecosystem users, then…
• Free-riders use them without 

to maintain
• Who use and care will be 

knocked out of the competition
• Those who remain overuse …

Politics should counteract, 
but how?

https://www.ioer.de/
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Issues for mapping & monitoring

https://www.ioer.de/
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Spatial aspects of ecosystem services

Relation between providing and benefit of ecosystem 
services

Service Providing Area SPA
Service Connecting Area SCA
Service Benefiting Area SBA

Syrbe, R.-U.; Walz, U. 2012. Spatial indicators for the assessment of ecosystem services: Providing, benefiting and connecting areas and 
landscape metrics In: Ecological Indicators 21 (2012), S.80-88.

SPA
= 

SBA SBA

SPA

SPA
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SCA
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P
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https://www.ioer.de/
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Spatial types of ecosystem services' transfer 

1

Bene-
ficiary

2

ES Actor

5
Local

6
Upscale

4
Proximity

3
Ecolog. 
Process

https://www.ioer.de/
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Ecosystem service assessment

Accounting
ES inventory
Matter balances 
Energy turnover
Area requirements

Query
Preferences
Expenses
Willingness to pay
Choice model

Market analyses
Real / hedonic prices
Risks or damage costs
Replacement costs
Stock markets

GIS Tools
Remote sensing
Landcover analysis
Geo- / spatial statistics
Spatial modelling

https://www.ioer.de/
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GIS-Methodical Tools

Model MatterBalance
Water regeneration
Erosion
Water balance

Natural Capital Project

ArGIS Extension InVEST
Carbon sequestation
Biodiversity
Pollination 
Timber
Aesthetic Quality
Sedimentation
Hydropower

https://www.ioer.de/


9 of 37Ralf-Uwe Syrbe https://www.ioer.de
Seasonal School „Actual Problems of Landscape Sciences: Environment, Society, Politics“

Vorteilsareale (SBA): 
Wassernutzung 
In Teileinzugsgebieten

höchste…
geringste
Gemeindegrenzen
Kreisgrenze

Erzeugerareale (SPA):
Trinkwasserregeneration 
in Teileinzugsgebieten

höchste…
geringste
Gemeindegrenze
Kreisgrenze

Karte: 
M. Holfeld

Calculation of Indicators using G.I.S. – by InVest

https://www.ioer.de/
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Mapping method: 
Recherche of monetary 
values for particular 
environmental goods 
and transfer these 
values to other similar 
goods basing on the 
count per area

Use of international 
data bases (such as 
TEEB, ESDV, 
ValueBaseSWE)

Benefit Transfer

(Plummer 2009)

Average value 
percatching day, 
extrapolated to the 
amount of days

Average ES value 
per hectar habitate, 
extrapolated to #ha 
ecosystems

Traditional benefit transfer

Benefit transfer for ES-Mapping

https://www.ioer.de/
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Ecosystem types CLC-Name CLC-Code
1) Semi-natural open 
space

1.1) Natural grassland
1.2) Moors and heathland
1.3) Bare rocks
1.4) Sparsely vegetated areas
1.5) Inland marshes
1.6) Peatbogs

321
322
323
333
411
412

2) Forest and woods 
types

2.1) Broad-leaved forest
2.2) Coniferus forest
2.3) Mixed forest
2.3) Transitional woodland/shrub

311

312

313

324

3) Agrarian types 3.1) Non-irrigated arable land
3.2) Vineyards
3.3) Fruit tree and berry plantations
3.4) Pasture, meadows, other permanent grasslands under agricultural use
3.5) Complex cultivation patterns
3.6) Land principally occupied by agriculture, with significant areas of natural vegetation

211

221

222

231

242

243

4) Water bodies 4.1) Water courses
4.2) Water bodies

511

512

5) Urban and artificial 
types

5.1) Urban housing Contious urban fabric
Discontinious urban fabric

111
112

5.2) Urban industrial or  
transport

Industrial and commercial units
Road and rail networks and associated land
Port areas
Airports
Construction sites

121
122
123
124
133

5.3) Mining / dumps Mineral extraction sites
Dump sites

131 
132

5.4) Urban green space Green urban area
Sport and leisure facilities

141
142

https://www.ioer.de/
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Slide 12

Ecosystem extent

http://www.ioer.de/
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Classification of ecosystem services (CICES V5.1, Jan. 2018) 

and prioritization for processing in Germany

Aim: 21 ESS classes – x Indicators (main-/additional)

State of implementation (Grunewald et al. 2017 (see below)
designed: 20 ES classes, 50 Indicators

realised: 4 ES classes with 14 Indicators                                         (+ 
description and publication)

 http://www.ioer-monitor.de/en/

Ecosystem services

https://www.ioer.de/
http://www.ioer-monitor.de/en/
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Yields from mountain meadows:

Conditions:
extensive (careful) management of the meadows
Consideration of nature conservation requirements
Additionally possible: Support (subsidies) from the EU to cover the 
management costs

Yield

Hay
114,000 dt/a

Effect

Proceeds Ø hay
1.1 Mio €
-
Management 
costs
0.9 Mio €
=>
0.2 Mio €

Foto: Bastian

Example for provisional services: Hay yield 

https://www.ioer.de/
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Wild foods (fish, game, fruit)

Game shot / year 
a: Municipality Altenberg (SSF 2012)
w: wood share for study area (SMUL 2008/2009)

Class Amount Av. weight Weight Price rel. Total
Roe deer a: 179 10,5 1880 kg 3,81 €/kg 7.161 €
Red deer a:   82 50,4 4133 kg 3,50 €/kg 14.465 €
Wild boar w:  87 70,0 6090 kg 3,50 €/kg 21.315 €
Sum 42.941 €

https://www.ioer.de/
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Legende
R-Faktor1981
Value

High : 265,01

Low : 34,616

Legende
R-Faktor1981
Value

High : 265,01

Low : 34,616

Universal soil Equation (USLE) Factors: 
R Rainfall erosivity: Calculation using summer-
precipiation data 1981-2010 (DWD)
K Soil erosivity: Calculation using BÜK1000Ob 
S Slope steepness: Calc. using ATKIS-DHM25 
C Land cover: Calculation using LBM-DE 
2009 (2012) + DESTATIS Agricult. Data
L Solpe lengh (open, poss. calcul. with S)
P planting measures (open, data required)

Pilot study

Example for regulation services: Erosion control

https://www.ioer.de/
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Calculation of slope length and
LS-Factor using SAGA-GIS

without small structures with small structures

Average slope length in Saxony
Without small structure elements:  156,83 m
With small structure elements:     149,54 m (-4,6%)

https://www.ioer.de/
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Erosion t/ha*a

Indicators
A: Actual water erosion
H: hypothet. soil loss
P: Avoided water erosion  

P = H – A

Organic 
farming 
(side 
indicator)

Results

Prevented soil loss

https://www.ioer.de/
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Erosion t/ha*a

Indicators
A: Actual water erosion
H: hypothet. soil loss
P: Avoided water erosion  

P = H – A

Organic 
farming 
(side 
indicator)

Results

Prevented soil loss

https://www.ioer.de/
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Annual wood accrual 
11,2 m3 ha-1 a-1

(mean 2002-2012)

Area for flood 
retention 
547.550 ha (2015)

(share of built-up 
areas in recent flood-
plains increased 2010 
– 2015 with 726 ha !)

Avoided water 
erosion 
14,8 t ha-1 a-1 (2012)

Access to urban green 
space: 
74,3 % of inh. (2013), 
Calculated for all cities 
≥50.000 inh.

https://www.ioer.de/
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Flood mitigation: Preservation of retention area in 
floodplaines

Dresden Flood risk area (HQ100 )

Source: Saxon LfULG
Dresden Elbe floodplain, filled with the winter flood 2011 Photo: Syrbe
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Calculation
recent floodplain – build up area therein

Indicator = ------------------------------------------------ x 100
morphological floodplain

Data basis: ATKIS Basis-DLM(BKG), Floodplain state report (BfN)

Settlement area within the recent 
floodplain with flood protection wall

Flood mitigation:
Preservation of retention area in floodplains

https://www.ioer.de/


23 of 37Ralf-Uwe Syrbe https://www.ioer.de
Seasonal School „Actual Problems of Landscape Sciences: Environment, Society, Politics“

Municipalities (Raster 1km)
potenzielle Auenretention (2013)
Anteil rezenter (überflutbarer) Aue abzügl. baulich geprägter Siedlungsflächen 
bezogen auf morphologische (gesamte) Aue in %

    0 -  33

>33 -  66

>66 - 100

Datengrundlagen: 
Flussauen in Deutschland ©Bundesamt für Naturschutz (2009)
ATKIS Basis-DLM; VG25 ©GeoBasis-DE /  
Bundesamt für Kartographie und Geodäsie (2014)
Gebietsstand: VG25 2013; 
Karte: B.Richter, U.Walz, IÖR (2015)

Deutschland: 35,7

potenzielle Auenretention (2013)
Verfügbarkeit der Flussauen (78. größten Ströme Deutschlands) 
für Hochwasserretention

Datengrundlagen: 
Flussauen in Deutschland ©Bundesamt für Naturschutz (2009)
ATKIS Basis-DLM ©GeoBasis-DE /  
Bundesamt für Kartographie und Geodäsie (2014)
Gebietsstand: Rastergrundgeometrien (INSPIRE Grid 1 km); 
Karte: B.Richter, U.Walz, IÖR (2015)

    0 -  33

>33 -  66

>66 - 100

Flood mitigation: Pres. of retention area in floodplains

Ecosystem services (national scale)

https://www.ioer.de/
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Local assessment result: flood protection

Regulating effects of forests:
Interception
Enhanced transpiration
Higher macropors soil storage (because of                                          
root penetration) 

1 km² forest avoid in cases of                                              
100-year flood c. 0.44 m³/s peak runoff

Replacement costs calculation:
Costs of the flood retention basin Glashütte                                                           
(1 Mio m³): 2.5 Mio €
39 km² natural forest save costs of 
c. 1.25 Mio €

Foto: Bastian

Foto: LTV

https://www.ioer.de/
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Dr. Ralf-Uwe Syrbe

Landscape recreation value

Diversity: calculation of caunt and 
variety of elements and structures

Beauty: appreciation of the 
„educated average observer“ 
(no expert!)

Peculiarity: expert knowledge 
about uniqueness and historical 
continuity of landscape

https://www.ioer.de/
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Survey amoung tourists and tourist experts at 
the mountain ridge

autumn tourists

winter tourists

n winter = 105 
n summer = 95

Age share  of 
questionees

Scenic beauty

Culture / tradition

Sports options

Value for money

Proximity

Visiting friends

Other

Habit

Snow presence

Reason of journey

Empirical study: 200 tourists, 
20 tourist experts 
(autumn and winter 2010/11)

winter tourists
autumn tourists

https://www.ioer.de/
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 Extrapolation of the sample
to the total of tourists

Results:

Travel costs (real expenses): 
≈ 42 € per guest/day (tot. 142.000)
= 5,5 Mio. €/a, of it 5 Mio. local

Willingness-to-pay (hypothetical): 
≈ 4,50 per guest/visit
= 800.000 € per year

Comparison
travel costs and willingness-to-pay

devastation of bogs

increasing wind power 
plants

afforestation at the 
mountain ridge

termination of landsc. 
maintenance

extinction of species

deforestation

other

possible
impairments

https://www.ioer.de/
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Choice experiment: the value of landscape 
maintenance

Grassland Creek Clearance cearn

https://www.ioer.de/
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Choice 1 

https://www.ioer.de/
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Choice 2 

https://www.ioer.de/
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Result of the choice experiment in the Ore Mountains

Appreciation by tourists (in €/person)

https://www.ioer.de/
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The nature as a source of inspiration for music, painting 
and regional identity – not measurable!

https://www.ioer.de/
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33 of 37

And if there are 
some, what services?

Do Ecosystem Services exist in the underground?

https://www.ioer.de/
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Indicator Spatial approach* Timesheet First 
Trend 
DE**

Assessment 
of service 
provisionIN DE BL KR GE RA

Annual wood 
accrual

x x x 2002-2012 (2022) 3

Area for flood 
retention

x x x x x x 2010-2015 (2020) 2-3

Avoided water 
erosion   

x x x x x 2009-2012 (2015) 2

Accessibility 
of green 
spaces

x x x x 2008-2013-2015 
(2018)

2-3

* IN international, DE Germany, BL Federal state, KR county, GE municipality, RA Raster
** Trends: 1 decreasing, 2 slightly decreasing, 3 stable, 4 slightly increasing, 5 strong increasing

Synthesis of implemented main indicators

https://www.ioer.de/


35 of 37Ralf-Uwe Syrbe https://www.ioer.de
Seasonal School „Actual Problems of Landscape Sciences: Environment, Society, Politics“

Public relations

GPS/App guided hiking tour

Illustrated booklet 
„Add Value East Ore Mountains“

https://www.ioer.de/
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Author: Nils Kochan – „Software im grünen Bereich“

Science pathways and GPS game: 
Environmental education offers via Internet and App

https://www.ioer.de/
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Thank you for your attention!

Book recommendation:
https://ab.pensoft.net/article/12837

https://www.ioer.de/
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