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Primary production

Erosion control

Energy cycling

Nutrient storage

Soil formation

Water cycling
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Water cycling

Soil formation

Soil formation

Gas cycling

: Processes and functionsMultifunctional landscapes
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Multifunctional landscapes
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What are Ecosystem Goods and Services?

Definition of ecosystem services Reference

“the benefits people obtain from ecosystems.” MA, 2005

“the benefits human populations derive, directly or indirectly, from ecosystem functions.” Costanza et al., 1997

“the conditions and processes through which natural ecosystems, and the species that 

make them up, sustain and fulfill human life.”

Daily, 1997

“the capacity of natural processes and components to provide goods and services that 

satisfy human needs, directly or indirectly.”

de Groot et al., 2002

“the set of ecosystem functions that is useful to humans.” Kremen, 2005

“components of nature, directly enjoyed, consumed, or used to yield human well-being.” Boyd & Banzhaf, 2007

“the aspects of ecosystems utilized (actively or passively) to produce human well-being.” Fisher et al., 2009

“a range of goods and services generated by ecosystems that are important for human 

well-being.”

Nelson et al., 2009

“benefits that humans recognize as obtained from ecosystems that support, directly or 

indirectly, their survival and quality of life.”

Harrington et al., 2010

“a collective term for the goods and services produced by ecosystems that benefit 

humankind.”

Jenkins et al., 2010

“the contributions of ecosystem structure and function – in combination with other inputs –

to human well-being”

Burkhard et al., 2012
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http://www.sciencedirect.com/science/article/pii/S092180091200002X#bb0140
http://www.sciencedirect.com/science/article/pii/S092180091200002X#bb0030
http://www.sciencedirect.com/science/article/pii/S092180091200002X#bb0040
http://www.sciencedirect.com/science/article/pii/S092180091200002X#bb0050
http://www.sciencedirect.com/science/article/pii/S092180091200002X#bb2115
http://www.sciencedirect.com/science/article/pii/S092180091200002X#bb0015
http://www.sciencedirect.com/science/article/pii/S092180091200002X#bb0075
http://www.sciencedirect.com/science/article/pii/S092180091200002X#bb2160
http://www.sciencedirect.com/science/article/pii/S092180091200002X#bb1090
http://www.sciencedirect.com/science/article/pii/S092180091200002X#bb0100
http://www.sciencedirect.com/science/article/pii/S1470160X12001124
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What are Ecosystem Goods and Services?
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Regulating services:    e.g. Nutrient regulation
Erosion regulation
Water regulation
Climate regulation

Provisioning services: e.g. Food
Energy
Water
Material for construction

Cultural services:     e.g. Landscape aesthetics
Recreation
Inspiration
Eduction



Ecological integrity
Ecosystem structures & 

processes

Ecosystem service
potential

Regulating services
Provisioning services

Cultural services

Land cover/land use

Ecosystem service
flow

Regulating services
Provisioning services

Cultural services

Additional inputs

Ecosystem service supplyEcosystem functions

Human benefits
Social, economic 

& personal well-being

Population, economy

Ecosystem service demand

Ecosystem service 
Imports & exports

Conceptual model of ecosystem functions, services and benefits relations.
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Non-ecosystem-based anthropogenic
contributions to ecosystem services,
referring for example to fertiliser, energy,
pesticide, technique, labour or knowledge use
in human-influenced land use systems.

Land use: Human utilisation of a piece 
of land for a certain purpose. 
(influenced by but not synonymous with 
land cover)

 The hypothetical maximum yield of 
selected “natural” ecosystem services.

 De facto used set (bundles) of ecosystem 
services and other outputs from natural 
systems in a particular area within a given   
time period.
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Integrative Transdisciplinary Ecosystem Services Assessment

Ecological integrity
Ecosystem structures & 

processes

Ecosystem service
potential

Regulating services
Provisioning services

Cultural services

Land cover/land use

Ecosystem service
flow

Regulating services
Provisioning services

Cultural services

Additional inputs

Ecosystem service supplyEcosystem functions

Human benefits
Social, economic 

& personal well-being

Population, economy

Ecosystem service demand

Ecosystem service 
Imports & exports

GIS, RS, 
statistics

natural-scientific
sub-assessments

economic
sub-assessments

social-scientific
sub-assessments

How to assess ecosystem services flows in landscapes?



• Transdisciplinarity - researchers work jointly using a shared
conceptual framework that draws together discipline-specific
theories, concepts, and approaches, to address a common
problem.

Firm boundaries

Permeable boundaries

No or blurred boundaries

Sources: Rosenfield (1992), Dan Stokols (2004)

• Multidisciplinarity - researchers in separate disciplines work
independently within their own disciplinary perspective, to
address a common problem.

• Interdisciplinarity - researchers work jointly, but from each of
their respective disciplinary perspectives, to address a
common problem.

To understand interactions between complex environmental systems and 
complex human societal systems new scientific approaches are needed:

 Ecosystem services
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Ecological integrity
Ecosystem structures & 

processes

Ecosystem service
potential

Regulating services
Provisioning services

Cultural services

Land cover/land use

Ecosystem service
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Regulating services
Provisioning services

Cultural services

Additional inputs

Ecosystem service supplyEcosystem functions
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Ecosystem service 
Imports & exports

How do the different components affect each other?
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Ecological 
integrity

Land use intensity Ecosystem service supplyEcological integrity

Human well-
being

Ecosystem service
supply
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Ecological 
integrity

Land use intensity Ecosystem service supplyEcological integrity

Human well-
being

Ecosystem service
supply

? ? ?

How will the curves look like in ‘reality’?



Ecological integrity
Ecosystem structures & 

processes

Ecosystem service
potential

Regulating services
Provisioning services

Cultural services

Land cover/land use

Ecosystem service
flow

Regulating services
Provisioning services

Cultural services

Additional inputs

Ecosystem service supplyEcosystem functions

Human benefits
Social, economic 

& personal well-being

Population, economy

Ecosystem service demand

Ecosystem service 
Imports & exports

Ecosystem Services Benjamin Burkhard

Ecological 
integrity
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Human well-
being

Ecosystem service
supply

?
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ES1 ES2 ES3 ES4 ES5

LU1 0 0 1 0 0

LU2 2 1 4 2 1

LU3 2 1 5 1 1

LU4 1 1 0 3 1

LU5 5 4 0 5 3

LU6 2 1 0 5 1

NO RELEVANT SUPPLY 0

VERY LOW SUPPLY 1

LOW SUPPLY 2

MEDIUM SUPPLY 3

HIGH SUPPLY 4

VERY HIGH SUPPLY 5

Other indicator data
Empirical model results

Expert estimations

Geospatial units
e.g. land use/cover map Matrix model Ecosystem service maps

ES supply or 
demand estimates

ES1 ES2

ES3 ES4

ESm

after Burkhard et al. (2009, 2012, 2014);
Jacobs, Burkhard, Van Daele, Staes & Schneides (2015) – Ecological Modelling

Ecosystem service “matrix”
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Other indicator data
Empirical model results

Expert estimations

Ecosystem service “matrix”
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Other indicator data
Empirical model results

Expert estimations

 Tier 1: rather simple, e.g. land cover-based

 Tier 2: more complex, e.g. statistics-based

 Tier 3: complex, e.g. model-based

Tiered approach for ES mapping 

EU MAES Working group

Mapping and Assessment of 
Ecosystems and their Services

1st and 2nd report (2013, 2014)
http://ec.europa.eu/environment/nature/knowledge/ecosystem_assessment/pdf/MAESWorkingPaper2013.pdf
http://ec.europa.eu/environment/nature/knowledge/ecosystem_assessment/pdf/2ndMAESWorkingPaper.pdf

http://ec.europa.eu/environment/nature/knowledge/ecosystem_assessment/pdf/MAESWorkingPaper2013.pdf
http://ec.europa.eu/environment/nature/knowledge/ecosystem_assessment/pdf/2ndMAESWorkingPaper.pdf
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Other indicator data
Empirical model results

Expert estimations

 Tier 1: rather simple, e.g. land cover-based

 Tier 2: more complex, e.g. statistics-based

 Tier 3: complex, e.g. model-based

Tiered approach for ES mapping 

EU Horizon 2020 Project 

ESMERALDA
Enhaning ecosystem service mapping 
for policy and decision making

http://esmeralda-project.eu/

http://esmeralda-project.eu/
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 Tier 1: rather simple, e.g. land cover-based

n = 18

Yaneva & Nedkov (Stellenbosch 11/2015)
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 Tier 1: rather simple, e.g. land cover-based
Yaneva & Nedkov (Stellenbosch 11/2015)
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 Tier 2: more complex, e.g. statistics-based

Water bodiesWetlands
Sparsely vegetated areas
Transitional woodland shrub
Moors and heathland
Natural grassland

Mixed forest

Coniferous forest
Broad-leaved forest

Agriculture with natural vegetation

Complex cultivation patterns
Pastures
Fruit trees and berries
Non-irrigated arable land
Sport and leisure facilities
Green urban areas
Construction sites
Dump sites
Mineral extraction sites
Airports
Road and rail networks
Industrial or commercial units
Discontinuous urban fabric
Continuous urban fabric

Land Cover 2006

Burkhard, Kroll, Nedkov & Müller in Ecological Indicators (2012)

Case study
Halle-Leipzig
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Population Community

123789 4567844

3457656 5798365

3456465 4564576

3456567 4657467

Land cover data +   soil data +    climate data +  hydrological data + statistics =   Ecosystem service maps

 Tier 2: more complex, e.g. statistics-based
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Provisioning ES 
“Food” supply and 
demand 2007

0 30 Kilometers

N

Food supply 2007 [GJ/ha*a]
0
0.1 - 10
10 - 20
20 - 30
30 - 40
40 - 60

0 30 Kilometers

Food demand 2007 [GJ/ha*a]
0
0.1 - 10
10 - 20
20 - 30
30 - 40
40 - 60

N

0 30 Kilometers

N

Food supply minus demand [GJ/ha*a]
-30  – -15
-15 – 0
0
0 – 20
20 – 40
40 - 60

Kroll et al. (2010); Kroll et al. (2012) - Land Use Policy

Case study
Halle-Leipzig

 Tier 2: more complex, e.g. statistics-based
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Case study
Halle-Leipzig
Kroll et al. (2010); Kroll et al. (2012) - Land Use Policy

Provisioning ES 
“Water” supply and 
demand 2007

0 30 Kilometers

Water supply 2007 [m³/ha]
0
0 - 500
500 - 1000
1000 - 1500
1500 - 2000
2000 - 20000

N

0 30 Kilometers

N

Water demand 2007 [m³/ha]
0
0 - 500
500 - 1000
1000 - 1500
1500 - 2000
2000 - 20000

0 30 Kilometers

Water supply minus demand 2007 [m³/ha]
-20000 - -2000
-2000 - -1000
-1000 - 0
0
0 - 1000
1000 - 2000

N

 Tier 2: more complex, e.g. statistics-based
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Case study San Pedro, Arizona
Boyanova et al. in LNG&C (2014)  Tier 3: complex, e.g. model-based
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Case study San Pedro, Arizona
Boyanova et al. in LNG&C (2014)  Tier 3: complex, e.g. model-based



Applications in Policy and decision making
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Ecological integrity
Ecosystem structures & 

processes

Human benefits
Social, economic 

& personal well-being

DemandSupply

- match -
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Applications in Policy and decision making

The scientist … The politician/decision maker …

• thinks in complex pathways
• deals with hardly determinable 

dynamics
• complex human-environmental 

systems
• wants absolute certainty!

• prefers reduced complexity
• wants aggregated information
• information that is relevant for 

specific problems
• support of his/her policy programme
• wants it quick!

Bridge 
needed
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Applications in Policy and decision making

"The global challenge to conserve
biodiversity is not only a task of policy.
Policy needs support - especially from
science“.

German Chancellor Dr. Angela Merkel, August 2010



UN CBD Ecosystem Approach

Strategy for the 
management of land, water 
and living resources that 
promotes conservation
and sustainable use in an 
equitable way.

Ecosystem Services Benjamin Burkhard

Applications in Policy and decision making



UN CBD Ecosystem Approach

196 Parties
168 Signatures 
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Applications in Policy and decision making



12  Malawi Principles

UN CBD Ecosystem Approach

Principle 5: “Conservation of ecosystem structure and

functioning, in order to maintain ecosystem

services, should be a priority target of the

ecosystem approach.”

Ecosystem Services Benjamin Burkhard

Applications in Policy and decision making
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The EU Biodiversity Strategy aims to halt the 
loss of biodiversity and ecosystem services in 
the EU and help stop global biodiversity loss 
by 2020. It reflects the commitments taken by 
the EU in 2010, within the international 
Convention on Biological Diversity.

EU Biodiversity Strategy 2020 (from 2011)

Applications in Policy and decision making



“Biodiversity is also our natural
capital, delivering ecosystem
services that underpin our
economy.

Its deterioration and loss
jeopardises the provision of these
services: we lose species and
habitats and the wealth and
employment we derive from
nature, and endanger our own
wellbeing.“

Ecosystem Services Benjamin Burkhard

Applications in Policy and decision making
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Applications in Policy and decision making

EU Biodiversity Strategy 2020

http://ec.europa.eu/environment/nature/biodiversity/comm2006/2020.htm

6 Key targets:
1. Protect species and habitats.
2. Maintain and restore ecosystems.  
3. Achieve more sustainable agriculture and 

forestry.
4. Make fishing more sustainable and seas 

healthier. 
5. Combat invasive alien species. 
6. Help stop the loss of global biodiversity. 

http://ec.europa.eu/environment/nature/biodiversity/comm2006/2020.htm


Ecosystem Services Benjamin Burkhard

Applications in Policy and decision making

EU Biodiversity Strategy 2020

http://ec.europa.eu/environment/nature/biodiversity/comm2006/2020.htm

6 Key targets:
1. Protect species and habitats.
2. Maintain and restore ecosystems.  
3. Achieve more sustainable agriculture and 

forestry.
4. Make fishing more sustainable and seas 

healthier. 
5. Combat invasive alien species. 
6. Help stop the loss of global biodiversity. 

By 2020, ecosystems and their
services are maintained and
enhanced by establishing
green infrastructure and
restoring at least 15 % of
degraded ecosystems

http://ec.europa.eu/environment/nature/biodiversity/comm2006/2020.htm
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Applications in Policy and decision making

EU Biodiversity Strategy 2020

http://ec.europa.eu/environment/nature/biodiversity/comm2006/2020.htm

6 Key targets:
1. Protect species and habitats.
2. Maintain and restore ecosystems.  
3. Achieve more sustainable agriculture and 

forestry.
4. Make fishing more sustainable and seas 

healthier. 
5. Combat invasive alien species. 
6. Help stop the loss of global biodiversity. 

3 specific actions:

Action 5: Map and assess the state and
economic value of ecosystems and their
services in the entire EU territory; promote the
recognition of their economic worth into
accounting and reporting systems across Europe

Action 6: Restore ecosystems, maintain their
services and promote the use of green
infrastructure

Action 7: Assess the impact of EU funds on
biodiversity and investigate the opportunity of a
compensation or offsetting scheme to ensure
that there is no net loss of biodiversity and
ecosystem services

http://ec.europa.eu/environment/nature/biodiversity/comm2006/2020.htm
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https://www.whitehouse.gov/blog/2015/10/07/incorporating-natural-infrastructure-and-
ecosystem-services-federal-decision-making

Memorandum US government:
Incorporating Natural 
Infrastructure and Ecosystem 
Services in Federal Decision-
Making
October 7, 2015

https://www.whitehouse.gov/blog/2015/10/07/incorporating-natural-infrastructure-and-ecosystem-services-federal-decision-making
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https://www.whitehouse.gov/blog/2015/10/07/incorporating-natural-infrastructure-and-
ecosystem-services-federal-decision-making

Memorandum US government:
Incorporating Natural 
Infrastructure and Ecosystem 
Services in Federal Decision-
Making
October 7, 2015

• Federal agencies shall incorporate value of green infrastructure and ecosystem 
services into federal planning and decision making

• Agencies shall develop and institutionalize policies that promote consideration 
of ecosystem services in planning, investment, and regulatory contexts

• A more detailed guidance on integrating ecosystem-service assessments into 
relevant programs and projects shall be created

• Ecosystem and community resilience, sustainable use of natural resources, and 
the recreational value of the Nation’s unique landscapes shall be maintained

https://www.whitehouse.gov/blog/2015/10/07/incorporating-natural-infrastructure-and-ecosystem-services-federal-decision-making


http://ipbes.net/
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Applications in Policy and decision making

http://ipbes.net/


What did nature do for you today?

Free download (Android devices) from: http://esmeralda-project.eu/

Citizen science application

Use MapNat – The Smartphone App to map your personal use of ecosystem services!

Ecosystem Services Benjamin Burkhard

http://esmeralda-project.eu/


Open knowledge/data sharing

http://oneecosystem.pensoft.net

http://oneecosystem.pensoft.net/


Open knowledge/data sharing

http://oneecosystem.pensoft.net

http://oneecosystem.pensoft.net/


Conclusions

Thanks for your attention!

www.es-partnership.org www.ecosystem-management.uni-kiel.de

Ecosystem Services Benjamin Burkhard

• Ecosystem services are a highly transdisciplinary concept.
• It is, like human-environmental systems, highly complex.
• Many methods and data are available and ready for use.
• Policy interest is increasing, but applications and success-stories

are needed!
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