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• Urban are areas facing multiple pressures
• Green infrastructure can help reduce these pressures
• How do you know you have done enough?
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POLICY GOALS
Policy name Climate Agreement Delta Plan Spatial Adaptation

National goals By 2030: Reducing emissions to 49% of the levels of 1990.

By 2050: Reducing emissions to 90% or more of the levels of 1990. 

By 2050: Create a robust and climate proof country, reducing the impacts of 

waterlogging, floods, drought and heat. 

Affected sectors/ goals • Electricity 20,2 Mton

• Industry 14,3 Mton

• Built environment 3,4 Mton

• Mobility 7,3 Mton

• Agriculture and land use 3,5 Mton

• Energy transition

• New construction challenges

• Infrastructure maintenance

• Circular economy

• Biodiversity 

https://static.wixstatic.com/media/541b11_49f40786b25c4989a4b1e990edfebce4~mv2.jpg/v1/fit/w_800%2Ch_450%2Cal_c%2Cq_80/file.jpg
https://www.klimaatakkoord.nl/klimaatakkoord/vraag-en-antwoord/wat-is-het-doel-van-het-klimaatakkoord
https://www.deltaprogramma.nl/themas/ruimtelijke-adaptatie/deltaplan

https://static.wixstatic.com/media/541b11_49f40786b25c4989a4b1e990edfebce4%7Emv2.jpg/v1/fit/w_800%2Ch_450%2Cal_c%2Cq_80/file.jpg
https://www.klimaatakkoord.nl/klimaatakkoord/vraag-en-antwoord/wat-is-het-doel-van-het-klimaatakkoord
https://www.deltaprogramma.nl/themas/ruimtelijke-adaptatie/deltaplan


“A strategically planned network of natural and semi-natural 
areas with other environmental features designed and 
managed to deliver a wide range of ecosystem services” 
(European Commission, 2013).

GI are landscape elements that need to be planned for with 
the same priority as communications, sanitation, roads, and 
other infrastructure. Mell, I.C. (2010) Green infrastructure: concepts, perceptions and its 
use in spatial planning. PhD thesis, Newcastle University. 
https://theses.ncl.ac.uk/jspui/handle/10443/914
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WHAT IS URBAN GREEN INFRASTRUCTURE?

https://greensurge.eu/products/plan
ning-governance/ UGI_Planning_ 
Guide_Sep_2017_web.pdf
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NEED FOR DESIGN AND MANAGEMENT



Green infrastucture can help solve everything
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https://degroenestad.nl/geen-categorie/nieuw-logo-voor-de-groene-stad
10.1080/03721426.2015.1035219; 10.1016/j.ecolecon.2012.08.019; 10.1080/03721426.2015.1035219; 10.1016/j.sbspro.2015.12.009

• Improved mental and physical health
• Reduced climate pressures
• Increased biodiversity
• Good economic investment

create green jobs

modify wind speeds

improve air quality

improve speed dispersal

provide habitat for 
pollinators and fauna

reduce energy use for heating 
and cooling buildings

sequester carbon

remove water pollutants

reduce flood peaks

improve cognitive 
recovery, faster 

healing from illness

increase aesthetic value

connect people to nature

increase social cohesion

provide recreation

serve as a food source

protect from UV radiation

extend life of materials and surfaces

cheaper than alternatives in 
capital and operational costs

What is it GI is intended to achieve and how do we know if we have achieved the desired outcomes?
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Hogeschool van Amsterdam en KuiperCompagnons (2020) De hittebestendige stad: COOLKIT. Toolkit voor ontwerpers van de buitenruimte

Walking distance of 300 meter to a cool location

The 3-30-300 Rule for Healthier and Greener Cities

•3 trees from every home
•30 percent tree canopy cover in 
every neighbourhood
•300 metres from the nearest public 
park or green space

https://nbsi.eu/the-3-30-300-rule/
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ECOSYSTEM SERVICES https://www.eea.europa.eu/publications/gre
en-infrastructure-and-territorial-cohesion‘the benefits people obtain from ecosystems’

https://freshwaterwatch.thewaterhub.org/co
ntent/ecosystem-services

De Groot, Functions of Nature: Evaluation of Nature in Environmental
Planning, Management, and Decision Making (Groningen, 1992)



• text
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LINKING SERVICES TO UGI
https://www.eea.europa.eu/publications/green-infrastructure-and-territorial-cohesion

ES Benefits
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Implementing climate change adaptation and energy transition policies simultaneously through urban
green infrastructure, K Vink, A A Gul, M Miyamoto, (2023), ICFM9 conference Tsukuba, Japan.
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UGI – ECOSYSTEM SERVICES – DUTCH POLICY GOALS

• only one service, providing space for renewable energy, helps to achieve the goal of increased use of renewable energy, and this
service does not help achieve any other goal

• reduced emissions/energy consumption can be achieved by four different services
• water flow and runoff mitigation is relevant for four of the six policy goals 



Living Innovation-Lab at the UT

https://www.utwente.nl/en/news/2021/6/1089645/ut-campus-will-have-a-living-innovation-lab?code=7b96fe20#more-on-lila



LIVING INNOVATION LAB – GREEN INFRASTRUCTURE

What is the living 
innovation lab?

LILa aims to:
1. give the public insight into current UT 

research
2. create an environment for observation, 

monitoring and experiments
3. support training and education by means 

of challenge-based learning on large 
societal challenges of urban resilience, 
climate change, and the energy transition



1. Soil mechanics 
2. Subsurface infra 
3. Geophysical testsite
4. Urban infra 
5. Soil moisture (throughout)
6. Discontinued
7. Insar corner/ geodesic pole 
8. Combined with 4, to be confirmed 
9. Rock garden 
10. Water quality 
11. Climate (meteo) tower
12. Vegetation

a. Vegetation monitoring with beam 
b. Vegetation growth 
c. Root-soil interaction 

13. Combined with 12,17 
14. Geo-information processing (no location) 
15. Combined with 5 
16. Coastal defence

a. windtunnel
b. Coastal dynamics/aquatic vegetation 
(possibly combined with 10,17)

17. Greenhouse 
18. Biodiversity monitoring 
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Various experiments from 
2 faculties (ITC & ET)





North South

What green 
infrastructure will 

be built?



Green roof types
4 sections of 5x5m flat green roof

Green wall types
4 sections of 3m wide and at least 2m tall

control

blue-green roof

extensive green roof

corkboard/intensive green roof

control

scaffolding climbing plants wall forming modular vegetation

free climbing soil bound plants

Electricity/dataloggers required for sensors, water for irrigation system.



We aim to quantify the potential climate resilience benefits: 
• reduced urban floods and runoff peaks
• reduced heating/cooling
• carbon sequestration

and quantify the potential tradeoffs: 
• CO2 emissions during production, maintenance (for 

irrigation and pumping), and end of life
• required irrigation and stored precipitation

all through continuous monitoring and modeling. 

This provides insight into the water-energy resource 
tradeoffs when implementing urban green infrastructure.

What are the 
research aims?
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Examples of existing UGI in Enschede – contact me :)

Ecozone

Green roof

Tiny forest

Wadis

Flower park
Wadis

Stream restoration

Migration routes



Thank you for your kind attention

Do you have a green roof on your house?

 If not, was it due to one of 
the reasons covered here 
or a different one?

 If so, can you share a 
picture with us?
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Sean Vrielink/Karina Vink 
https://people.utwente.nl/k.vink

k.vink@utwente.nl

https://people.utwente.nl/k.vink


https://www.umwelt.
d /





Monetary value = ? 
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HOW TO MEASURE AND VALUE GI BENEFITS

Keeler, B.L., Hamel, P., McPhearson, T. et al. Social-
ecological and technological factors moderate the value 
of urban nature. Nat Sustain 2, 29–38 (2019). 
https://doi.org/10.1038/s41893-018-0202-1

The monetary costs of 
implementing and maintaining 
the measures?

Include potential co-benefits e.g. improved 
aesthetic quality or social cohesion?

Include disservices, e.g. displacement
of prior residents or an increased risk of 
pollen-related allergies?

The monetary savings of 
avoided costs, e.g. water 
treatment or health? 

https://doi.org/10.1038/s41893-018-0202-1
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INDICATOR-BASED ASSESSMENT
Parisa Pakzad, Paul Osmond, Developing a 
Sustainability Indicator Set for Measuring Green 
Infrastructure Performance, Procedia - Social 
and Behavioral Sciences, Vol. 216, 2016, 
https://doi.org/10.1016/j.sbspro.2015.12.009.

Categories Performance indicators
Ecological indicators Climate and microclimatic modifications (e.g. Urban Heat Island effect mitigation; temperature moderation through 

evapotranspiration and shading; wind speed modification)
Air quality improvement (e.g. Pollutant removal; Avoided emissions) 
Carbon Emissions (e.g. direct carbon sequestration and storage; avoided greenhouse gas emissions through cooling) 
Reduced building energy use for heating and cooling (through e.g. shading by trees; covering building by green roof and green walls)
Hydrological regulation (e.g. flow control and flood reduction; regulation of water quality; water purification)
Improved soil quality and Erosion prevention (e.g. soil fertility; soil stabilization) 
Waste decomposition and nutrient cycling
Noise level attenuation
Biodiversity-protection and enhancement (e.g. Communities; species; genetic resources; habitats) 

Health indicators Improving physical well-being ( e.g. physical outdoor activity; healthy food; healthy environments )
Improving social well-being (e.g. social interaction; social integration; community cohesion)
Improving mental well-being (e.g. reduced depression and anxiety; recovery from stress; attention restoration; positive emotions)
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INDICATOR-BASED ASSESSMENT
Parisa Pakzad, Paul Osmond, Developing a 
Sustainability Indicator Set for Measuring Green 
Infrastructure Performance, Procedia - Social 
and Behavioral Sciences, Vol. 216, 2016, 
https://doi.org/10.1016/j.sbspro.2015.12.009.

Categories Performance indicators
Socio-cultural indicators Food production (e.g. urban agriculture; kitchen gardens; edible landscape and community gardens)

Opportunities for recreation, tourism and social interaction (community livability)
Improving pedestrian ways and their connectivity (e.g. increasing safety; quality of path; connectivity and linkage with other modes)
Improving accessibility
Provision of outdoor sites for education and research
Reduction of crimes and fear of crime (comfort; amenity and safety)
Attachment to place and sense of belonging (cultural and symbolic value)
Enhancing attractiveness of cities (e.g. enhancing desirable views; restricting undesirable views )

Economic indicators Increased property values
Greater local economic activity (e.g. tourism, recreation, cultural activities)
Healthcare cost savings
Economic benefits of provision services (e.g. raw materials; timber; food products; biofuels; medicinal products; fresh water etc.)
Value of avoided CO2 emissions and carbon sequestration
Value of avoided energy consumption (e.g. reduced demands for cooling and heating)
Value of air pollutant removal/avoidance
Value of avoided grey infrastructure design (construction and management costs) 
Value of reduced flood damage
Reducing cost of using private car by increasing walking and cycling (e.g. shifting travel mode)
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INDICATOR-BASED ASSESSMENT
C.M. Raymond et al. A framework for assessing and implementing the co-
benefits of nature-based solutions in urban areas, Environmental Science & 
Policy, Vol. 77, 2017, https://doi.org/10.1016/j.envsci.2017.07.008.



The Effects of Green Roofs on Urban Ecosystems 
Murat Özyavuz, Beste Karakaya, Deniz Gözde ERTİN.  
GreenAge Symposium, Mimar Sinan Fine Arts, University 
Faculty of Architecture 15-17 April 2015, Istanbul, Türkiye

Sustainability: A comprehensive foundation. Theis & 
Tomkin, 2015.  OpenStax CNX. Chapter 11. 
https://open.umn.edu/opentextbooks/textbooks/96

LACK OF QUANTIFICATION

Using project-based education to develop pre-service 
biology teachers’ knowledge of the cooling effect of 
vegetation. Ryplova Renata, Pokorny Jan. In: 
M.Rusek, K.Vojíř (Eds.): PROJECT-BASED EDUCATION 
AND OTHER ACTIVATING STRATEGIES IN SCIENCE 
EDUCATION XVI. Proceeding from the international 
conference PBE 2018, 8. – 9.11. 2018, Prague,CZ, p. 
105 – 113. ISBN 978-80-7603-066-4 
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