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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?

1 temperatures

Moderate winters, hot summers
Wwarm, wet & dry

Winter: 1 (extreme) rainfall
Summer: 1 extreme rainfall, thunderstorms and hail

Sea level rise at accelerating pace
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http://www.klimaatscenarios.nl/scenarios_samengevat
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POLICY GOALS

National goals

Affected sectors/ 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.

(] Electricity 20,2 Mton

(] Industry 14,3 Mton

. Built environment 3,4 Mton

(] Mobility 7,3 Mton

(] Agriculture and land use 3,5 Mton
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https://www.klimaatakkoord.nl/klimaatakkoord/vraag-en-antwoord/wat-is-het-doel-van-het-klimaatakkoord
https://www deltaprogramma.nlithemas/ruimtelijke-adaptatie/deltaplan

Delta Plan Spatial Adaptation

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

waterlogging, floods, drought and heat.

. Energy transition
. New construction challenges
o Infrastructure maintenance
. Circular economy
. Biodiversity

—/ ambities

Voor een waterrobuuste en
klimaatbestendige inrichting
van Nederland

Kuetsbaarheid
in beeld brengen

Risicodialoog voeren
en stotegie opstelien

s f
Ealge

Meekoppelkansen
benutien

Regulerenen

Stimulérenen
borgen faciceren

lamiteiten
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WHAT IS URBAN GREEN INFRASTRUCTURE?

Blue spaces
® |gke, pond
river, stream
Allotments and dry riverbed
“A strategically planned network of natural and semi-natural community ] canal
. . . A Natural, semi-natural and feral areas estuary
areas with other environmental features designed and ga * forest (e.g., remnant woodland, o
managed to deliver a wide range of ecosystem services” managed forests, mixed forms)
(European Commission, 2013). shrubland coast
; abandoned areas i " Riverbank
Gl are landscape elements that need to be planned for with - rocks g 5"

sand dunes
sand pit, quarry, open cast mine
wetland, bog, fen, marsh

the same priority as communications, sanitation, roads, and
other infrastructure.

Private, commercial, industrial and
institutional green space/green space
connected to grey infrastructure

Building greens
.

balcony green

https://greensurge.eu/products/plan
ning-governance/ UGI_Planning_
Guide_Sep_2017_web.pdf

UNIVERSITY OF TWENTE.

ground-based green wall
facade-bound green wall
extensive green roof
intensive green roof
atrium

Parks and recreation
® |arge urban park

historical park/garden
pocket park

botanical garden/arboretum
zoological garden
neighbourhood green space
institutional green space
cemetery and churchyard
green sport facilities
camping areas

Green space typology, made up
of 44 green space types
clustered in eight groups.
Image credits: Rieke Hansen

bioswale

tree alley and street tree, hedge
street green and green verge
private garden

roilrood embankment

green playground, schoolground

Agricultural land
arable land

grassiand

® tree meadow/orchard
biofuel production/
agroforestry
horticulture




NEED FOR DESIGN AND MANAGEMENT
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Green infrastucture can help solve everything

What is it Gl is intended to achieve and how do we know if we have achieved the desired outcomes?

reduce flood peaks

serve as a food source

remove water pollutants

reduce energy use for heatlng
and cooling bwldmgs

e

 * --"‘E‘_ i*.

provide habitat for
pollinators and fauna

prowde recreatlon

:

FIRAARAAN

o
Improved mental and physical health
Reduced climate pressures
Increased biodiversity

Good economic investment

increase social cohesion ——

connect people to nature

o

increase aesthetic value

improve cognitive
recovery, faster
healing from illness

cheaper than alternatives in
capital and operational costs



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
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Home » Nieuws » Zwolle gaat 3-30-300-principe doorvoeren in beleid

Zwolle gaat 3-30-300-principe
doorvoeren in beleid

woensdag 28 september 2022

2Zwolle verbindt zich aan de 3-30-300-norm. de nieuwe vuistregel voor het bouwen in en met stedelijk
groen. Daarmee is de Hanzestad één van de eerste gemeenten in Nederland die deze vuistregel voor L
‘de groene i ijk i in beleid. Categorieén

GROEN KLIMAATADAPTATIE
3-30-300 norm -
3: vanuit ieder huis moet zicht zijn op drie bomen. 30: in elke wijk moet een bladerdek van tenminste dertig
A7 Meest gelezen
procent komen. 300: hooguit driehonderd meter van elke woning moet een park of plantsoen met bomen.

Dit is in het kort de 3-30-300-norm, bedacht door hoogleraar Cecil Konijnendijk van den Bosch, directeur van
het Nature Based Solutions Institute, onderdeel van de Universiteit van British Columbia in Canada. 1
Konijnendijk staat internationaal bekend als ‘urban forestry expert'.

UNIVERSITY OF TWENTE.

De kansen en risico’s van
groenblauwe oplossingen

Richtlijnen

Afstand tot koelte

Een loopafstand van 300 meter tot een koele plek

Walking distance of 300 meter to a cool location
11/10/2022 7

https://nbsi.eu/the-3-30-300-rule/

Hogeschool van Amsterdam en KuiperCompagnons (2020) De hittebestendige stad: COOLKIT. Toolkit voor ontwerpers van de buitenruimte



‘the benefits people obtain from ecosystems’

De Groot, Functions of Nature: Evaluation of Nature in Environmental

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

ECOSYSTE M S E RVIC ES https://www.eea.europa.eu/publications/gre

en-infrastructure-and-territorial-cohesion

Main service types

Planning, Management, and Decision Making (Groningen, 1992) Provisioning services are products obtained

Climate change

from ecosystems such as food, fresh water,
wood, fibre, genetic resources and medicines.

Provisioning services

1 Food (e.qg. fish, game, fruit)

2 Water (e.g. for drinking, irrigation, cooling)

3 Raw materials (e.g. fibre, timber, fuel wood, fodder, fertiliser)

4 Genetic resources (e.g. crop improvement and medicinal
purposes)

5 Medicinal resources (e.g. biochemical products, models and
test organisms)

& Ornamental resources (e.g. artisan work, decorative plants,
pet animals, fashion)

mitigation Encouraging sustainable travel
Reducing energy use for heating and cooling buildings
Providing space for renewable energy like ground source
heating, hydroelectric power, biomass and wind power
Water Sustainable drainage systems — attenuating surface water
management run-off

Groundwater infiltration

Regulating services

7 Air guality regulation (e.g. capturing (fine) dust, chemicals)
Climate regulation (including carbon sequestration, influence
of vegetation on rainfall)

9 Moderation of extreme events (e.g. storm protection and
flood prevention)

10 Regulation of water flows (e.g. natural drainage, irrigation
and drought prevention)

11 Waste treatment (especially water purification)

12 Erosion prevention

13 Maintenance of soil fertility (including soil formation)

14 Pollination

15 Biclogical control (e.g. seed dispersal, pest and disease
control)

I'U.EEI“

Remaoval of pollutants from water (e.g. reed beds)

o - = ~ D00

N

Habitat services

16 Maintenance of life cycles of migratory species (including
nursery services)

17 Maintenance of genetic diversity (especially gene pool
protection)

Cultural services include non-material
benefits that people obtain from ecosystems
such as spiritual enrichment, intellectual
development, recreation and aesthetic values.

Cultural services

18 Aesthetic information

19 Opportunities for recreation anii i

20 Inspiration for culture, art and Zﬂ)ﬁ/ﬂozz 8
21 Spiritual experience

22 Information for cognitive development




LINKING SERVICES TO UGI

=
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Benefits

Bicdiversity/
species
protection

Habikats for species

Permeability for migrating species

Connecting habitats

Climate change
adaptation

Mitigating urban heat island effect with evapotranspiration,
shading and keeping free corridors for cold air movement

Strengthening ecosystems’ resilience to climate change

Storing flood water and ameliorating surface water run-off to
reduce the risk of flooding

Climate change

Carbon sequestration

mitigation Encouraging sustainable travel
Reducing energy use for heating and cooling buildings
Providing space for renewable energy like ground source
heating, hydroelectric power, biomass and wind power
Water Sustainable drainage systems — attenuating surface water
management run-off

Groundwater infiltration

Remowval of pollutants from water (e.g. reed beds)

Food production
and security

Direct food and fibre production on agricultural land,
gardens and allotments

Keeping potential for agricultural land — food security
{safeguarding of soil)

Soil development and nutrient cycle

Preventing soil erosion

Recreation, Recreation
well-being and Sense of space and nature
health -
Cleaner air
Land values Paositive impact on land and property
Culture and Local distinctiveness

communities

Opportunities for education, training and social interactions

Tourism opportunities

Green Infrastructure Ecosystem Services Effects Benefits to People
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UGI - ECOSYSTEM SERVICES - DUTCH POLICY GOALS

Urban Green Infrastructure Policy goals

o 7» Erosion regulation

— Carbon sequestration

o Ji Reduced emissions/energy consumption |

% | Increased use of renewable energy |
i \‘I Reduced waterlogging |

Reduced floods |

| Parks and gardens

| Recreational grounds

Providing space for renewable energy (ground
source heating, hydroelectric power, biomass,
wind power)

‘ Green roofs/walls

\\ = "| Reduced drought |

| Blue roofs

N\

i T_‘ff'f_':tréill Reduced heat |

| Waterbodies

Encouraging walking/cycling transportation . ‘ I 3 .
A .

» 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

UNIVERSITY OF TWENTE. 11/10/2022 10

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.



L I L A Living Innovation-Lab at the UT
= LANDSCAPE __

L 4

Greenhouses .

B A 5 i
e N £ e e R W 1
e FE A = | Mounting

=t ‘tower (5-10m)

_ Sub_sﬁrfa,(:e'p_ii:)és :

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

LiLa ~ L3 . =

Here we will co-create the
Living Innovation Lab (LILa)

What is the living
innovation lab?

Wind tunnat

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

UNIVERSITY OF TWENTE.



Various experiments from
2 faculties (ITC & ET)

Soil mechanics
Subsurface infra
Geophysical testsite
Urban infra
Soil moisture (throughout)
Discontinued
Insar corner/ geodesic pole
Combined with 4, to be confirmed
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

©xNoOO N =







LIVING INNOVATION LAB - GREEN INFRASTRUCTURE

MQBIQSHQBHMEA

uee

What green
infrastructure will
be built?



LIVING INNOVATION LAB - GREEN INFRASTRUCTURE

Green roof types

4 sections of 5x5m flat green roof

L

( N ( extensive green roof )
control
\_ J
rc:orkboard/intens.ive green roofN
= J _J

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

UNIVERSITY OF TWENTE.

Green wall types

4 sections of 3m wide and at least 2m tall

a N

control

. J

rfree climbing soil bound plantsN

‘ &

e _J

(" scaffolding climbing plants

(wall forming modular vegetatiom




LIVING INNOVATION LAB - GREEN INFRASTRUCTURE

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 What are the
* required irrigation and stored precipitation research aimS?

all through continuous monitoring and modeling.

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

UNIVERSITY OF TWENTE.



Examples of existing UGI in Enschede — contact me :)
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Thank you for your kind attention

UNIVERSITY OF TWENTE.

Sean Vrielink/Karina Vink
https://people.utwente.nl/k.vink

k.vink@utwente.nl
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Adiabate Kiihlung Wirmehaltung/ Aulien liegender natirliche/kontrollierte Umweltenergie Grauwassernutzung/ CO,-Bilanz
Pufferwirkung Sonnenschutz Liiftung -reinigung
WIRKUNG
GEBAUDE- o
BEGRUNUNG + Vermeidung Aufheizung  + Reduktion Wirme- + Blendschutz durch + Luftreinigung +Wirkungsgrac- + Trinkwasserersparnis + Kohlenstoff - Speicherung
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© Nicole Pfoser

Ministerium fir Umwelt, Landwirtschaft,

technischer Systeme

Biomassegewinnung

Natur- und Verbraucherschutz
des Landes Nordrhein-Westfalen

https://www.umwelt.
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Kanalentlastung

UNIVERSITY OF TWENTE.

Kommunikationsqualitat

Uberhitzung Luftbelastung Akzeptanz Larmbelastung d; Biodiversitat
Q\l le.
- eSS 0. ) &
WoE
R =g
z b <o, o
i
i e
i © oy S\
=
Regenwasser- Regenwasser- Adiabate Kiihlung Photosynthese und Aufwertung von Schallreflektion und Erweiterung Lebensraum
Riickhalt verdunstung und Verschattung Feinstaubbindung Gebiuden und Freiraum -absorption fiir Flora und Fauna
+ Wasserriickhalt durch + Reduktion versiegelter + Kiihlung durch + Kohlenstoffspeicherung | | + Verbesserung der + Larmminderung + trégt zur lokalen
Minderung des Flichen Verdunstung und + Sauerstoffproduktion Aufenthaltsqualitst durch Reflexions- und Artenvielfalt bei
Abflussbeiwerts + Erhéhung der Verschattung + Feinstaubbindung und + Steigerung der Absorptionsleistung + Erweiterung Nahrungs-
+ Verhinderung Verdunstungsrate + Minderung stadtischer Verstoffwechselung Akzeptanz + Reduktion Transmission und Lebensraum
hoher Belastung der + Umgebungskihlung Wirmeinseln von Luftschadstoffen + Corporate |dentity Gebsude
Kanalisation + Oberflichenschutz + Fernwirkung
reduzierte Reduktion Starkregen- Schutz Material/ Schutz Material/ Attraktivitat Gesundheit, Sicherheit, Artenschutz
Niederschlag- ereignisse / Sturm und Klima/Gesundheit Gesundheit Aufenthalts- und
wassergebiihr Hagelschiden,




HOW TO MEASURE AND VALUE GI BENEFITS

Monetary value = ?

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

The monetary costs of
implementing and maintaining

the measures?
Include disservices, e.g. displacement

of prior residents or an increased risk of

The monetary savings of
pollen-related allergies?

avoided costs, e.g. water
treatment or health?

11/10/2022 22

UNIVERSITY OF TWENTE. _
https://doi.org/10.1038/s41893-018-0202-1
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INDICATOR-BASED ASSESSMENT

Categories ~ Performanceindicators
Ecological indicato 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)

UNIVERSITY OF TWENTE. 11/10/2022 23



INDICATOR-BASED ASSESSMENT

Categories ~ Performanceindicators
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)

UNIVERSITY OF TWENTE. 11/10/2022 24



INDICATOR-BASED ASSESSMENT

chzl:::ge Example of indicators Type of indicator Unit of measurement
Net carbon sequestration by urban forests '
(including GHG emissions from maintenance Environmental (chemical) | t C per halyear

activities)

Economic benefit of reduction of stormwater to
be treated in public sewerage system

Economic {(monetary)

Cost of sewerage treatment by
volume (€/m7)

Area remaining for erosion protection

Environmental (physical)

km? or m?
|

Species richness of indigenous vegetation

Annual amount of pollutants captured by
vegetation

Environmental (physical)

Envircnmental {chemical)

A count, magnitude or intensity score
of indigenous species per unit area

[t pollutant per ha /year

Index of ecological connectivity (integral index of
connectivity

Environmental (physical)

Probability that two dispersers
randomly located in a landscape can
reach each other

| Perceived level of trust, legitimacy,

H \/0‘ Q;nggg;me RAWERalRY QR SavEInANaE Social (process) | transparency and accountability of
. | process
- L % of peaple living within a given
1 m Accessibility to public green space Social (justice) distance from accessible, public
s green space
)

Level of involvement in frequent physical activity
in urban green spaces

Net additional jobs in the green sector enabled
by NBS projects

Social (physiological)

Economic (productivity)

Number and % of people being
physically active (min. 30 min 3 times
| per week) in urban green spaces

New jobs/specific green sector/year

25



LACK OF QUANTIFICATION

aT8 CHAPTER 11, SUSTAINABLE INFRASTRUCTURE

. X . . 40% evapotranspiration 38% evapotranspiration
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.Vojit (Eds.): PROJECT-BASED EDUCATION
AND OTHER ACTIVATING STRATEGIES IN SCIENCE : 4
EDUCATION XVI. Proceeding from the international ] ’ I_'E:f‘;".
conference PBE 2018, 8. —9.11. 2018, Prague,CZ, p. 2
105 - 113. ISBN 978-80-7603-066-4

" 20%
runoff

25% shallow 21% shallow
infiltration infiltration
25% deep | 2% deep
- infiltration “'b“' infiltration
Fig.1. Street without trees on a summer day. Surface temperature of pavement 52°C, a tree on a side 34°C.
(Pokorny et al., 2018) MNatural Ground Cover 10%-20% Impervious Surface
G iy s
35% evapotranspiration 30% evapotranspiration

A T ARAATA
30%

y%}mmmumumm s
o ‘ runoff -
] BN ] g
| E LI E ] IBI 8
Amount of waste water Less dusty environments Ambient noise reduces New utilization areas are L]
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Sustainability: A comprehensive foundation. Theis &
Tomkin, 2015. OpenStax CNX. Chapter 11.
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