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The city of Amsterdam is affected by climate change (Gemeente Amsterdam, 2021a). Extreme weather events
such as heat waves, droughts, and extreme rainfall are happening more frequently which affect the residents
(Gemeente Amsterdam, 2021a). The municigait Amsterdamhasacknowledged these events. They see the
urgency for adaptation initiatives to improve urban resilience against the effects of climate change (Gemeente
Amsterdam, 2021a).

The municipality of Amsterdam sap the Climate Adaptation Strategy in 2020 (Gemeente Amsterdam,
2021a). This is a step in recognizing and mitigating the city's climate change risk (Gemeente Amsterdam,
2021a). The municipality is committed to combating tiimate issues that are expected to arise in 2030, 2050
andbeyonddSiG F Af SR Ay GKS WLYLX SYSyidlidAazy !'3SyRIF F2NJ/ fAY
The Implementation Agenda talks about the obstacles Amsterdam faces regarding climate,i¢thieapeds

where they have already implemented climadaptive norms and guidelines, their goals, and the future
research that needs to be done regarding climate change (Gemeente Amsterdam, 2021a). Extreme heat,
drought, water nuisance are important adapitan concerns that are important for the national Delta Program

and Amsterdam's Climate Adaptation Strategy (Gemeente Amsterdam, 2021a). While doing this, they are also
considering solutions that address several climiaiated issues simultaneously andeate connections to

other goals of the city (Gemeente Amsterdam, 2021a, Alves et al., 2024).

Such a goal is water management. Amsterdam wants to reduce flood risks and increasing water supply during
dry spells by managing rainwater through infiltration, storage, and rainproof innovations (Gemeente
Amsterdam, 2021b). This strategy protects housed afrastructure from waterrelated harm while also
promoting the vitality of green urban areas (Gemeente Amsterdam, 2021b).

MOMRAKONR Of AYLE (S

Microclimates play a big role in urban development and climate adaptation (Zhao, 2018). The localized climatic
conditions seen in a small area are referred to as microclimates (Yang et al., 2023). These small areas are a
neighborhood or street (Yang et,a2023). Because of things like geography, vegetation, structures, and human
activity, conditions such as heat exposure and humidity might differ quite a lot from the surrounding area (Yang
et al., 2023). Human healttan be directly affected by microclines (Yang et al., 2023). Becauselimate

change it will be important developing climatesilient and livable urban settings (Yang et al., 2023). This
requires an understanding of microclimate optimization and a focus on microclimate optimizationefyaing
2023).

Climate adaptation is one of the big drivers for making Amsterdam greener and more inclusive of nature

(Gemeente Amsterdam, 2021b). The municipality says that taeyno longer afford towaste' green space

because of the rise in the use of green space in recent years (Gemeente Amsterdam, 2021b). The municipality
gryiGa a Ylrye 2F ' YAGSNRIYQa OAGAT Sya (G2 KI @S | O0Sa:
many functions as possible (Beente Amsterdam, 2021b). Based on this Amsterdam has made the

development of natureébased solutions (NB&big component of its climate adaption plaGémeente

Amsterdam 2015). European Commission (2015) says that NBS are solutions that are beneficial, that provide
environmental, social, and economic benefits at the same time and help build resilience dhwlsaieed and

supported by nature"These strategies make use of vegetation's and natural systems' advantages to reduce the

Cc



effects of climate change, increase urban (climassjlience, and make cities more livabgegmeente
Amsterdam 2015). In addition to mitigatingeat stress and preserving water, urban greenery aiao
providefood production, food regulation, wind and noise reduction, biodiversity, pest management, climate
regulation,COZ2uptake social and emotional functions, health, the economy, recreation, education and the
fertility of the soil (Gemeente Amsterdam, 2021b). These arim dithe with the city's sustinability and

inclusion objectives.

Mdbol ((mzNB SR a2t dze2ya 9 Ydz aFdzy Oea 2y

FRN 2LISy aLI OS FyR INBSYSNE Aa 3ANBgAYy3I [ad! Yad SN
O2YLI NARYy3a (GKS FY2dzyd 2F INBSYy aLIl O0S Ay Lzt Al |
fs RSOt AYyS Ay 3ANBSY Llz0flad® AKERS KNBIl ab®FENYS Syt 8
yS
Y

R R

S
y
A
f 2F G2GFft Lzt AO dzZNDB Iy ANBSY T aNIG dFlai $DEYSEY 0S8
AU0SNRFY YdzyAOALI fAGe FNB y20 OdzZNNByili SOSNERGSKSN

RSOfAYyS Ay 3INBSy awxOS oDSYSSyiGS ! YAGSNRFIYZI Hn

CaCn ™ Mo
N R W
[axXN (/)) O™ \6)’

g
A
|
- f

bl GzNB SR ad2f dzoa2yad AYONBIFaS KdzYtyszs SyYy@ANRBYYSylUltsz | yrF
NEaG2NAY 3 | YRK2NI YAYAOLAY3A yIGdNS o[ dzSR1SZ HamMpOLd ¢K
SY@ANRYYSyYyGlt o®ySUBA{ 0 dSBA STdyOm2y It AGE A& LINRPYAAA
YydzZY6oSNJ 2F dzNB Iy OKLF £t 9yi3a SiaK So valAeiYS2 vi iS S > fYd®E oHfdry 0B @ v
aLJ 0Sa INB RSaAAIYSR YR YI AW AR2WSSRoOUWER2G0 2 S Sy (RN dzi 2 i
Ydzt o Fdzy Oa2y | f Alie LI HE yAy R a0 Aly2b AYOlyaA YRR ASE §i NONKSE sy 3 &
0l I yaSy Sddzd & ®aznbOa{myfIN® JARS (K2NRJdAK az2fdzm2ya (2 OKIf
I G NRSGe 2F TFTdzyOe2yad AyOfdzRAYy3A &a20MAYI GSIAFBMEBD oA F
al NEY SiolfdE MYIiHNNRSNI G2 Fdzte& YIS dzasS 2F K2g{ = (KS
b.{ INB6 RSaAIYySREIYVBIKE 4 3 FK BNE BISNIO&NNS y(KabistiNdt &., A y F NI :
2016y

Multifunctionality is critical for cities given their numerous problems and space constraints (Ahern, 2011). But

this is often not given enough consideration when designing urban infrastructure changes (Hansen et al., 2017;
Ommer et al., 2022). Lortgrm issues may come from this if the NBS chosen to solve one issue has unexpected
trade-offs with other unexpected issues (Salmond et al., 2016). A few important factors need to be taken into
account when managing risks associated with climate change usingertsised adaptation measures (Alves

et al., 2024).

The advantages of NBS are becoming more widely accepted but there are still challenges in maximizing their
multifunctionality in urban settings (Kabisch et al., 2022). Strategic planning will be essential for avoiding
limited solutions and integrating NBi&o a linked, multifunctional network of urban green spaces and urban

blue spaces (Kabisch et al., 2016). To properly apply NBS, more understanding of what it actually is and how to
properly use it is essential (Kabisch et al., 2016). Adeng view andthe diversity of potential cdbenefits

should be included in this assessment (Kabisch et al., 2016). This makes it that additional ieseaeded to
examine the effects of particular NBS typologies on microclimate conditions and determine theoffade

involved in their use (Kabisch et al., 2016) to come up with NBS for Amsterdam. In order to improve the
integration of NBS's multifunctionality in urban design, more research is required to estimate the impacts of
particular NBS for a specific placeveal as to incorporate more ebenefits and analyze their synergies and
trade-offs (Choi et al., 2021; Sarabi et al., 20RR)ltifunctionality is frequently mentioned but it is rarely used

to its full potential (Langergraber et al., 2021). Then so, NBS' ability to handle multifunctionality is typically
overlooked (Langergraber et al., 2021). It is essential to do a thoroujb@mprehensive evaluation of all the
possible cebenefits, and tradeoffs to determinewhat the environmental feasibilitysof NB®2 dza S 6 { dza O} =
2021).



The goal is to find out which multipurpose NBS should be used to provide pledbgnedits but with a focus

on reducing the PET of Amsterdam neighborhoods during a hot summer day. So with a focus on microclimate
changes, proper NBS typologies, and implatagon of tradeoffs to help give important information to

develop livable, sustainable, and resilient cities regarding climate change.

mwSa SHINIOOKIF YR uUKSaAa |AY

The aim is to investigate hoWBS design scenarios can be used to reduce the PET level during hot summer
days for Amsterdam neighborhoods while simultaneously providing multiplecoefits, with the use of
TimorpleinbuurtZuid neighborhood as a stuaase With high-resolution datait can help withevaluating the
local effects of NBS implementatiand thisgives decisiommakers and urban planners important information

on which NBS kinds should be prioritized in order to achieve intendietbclimate goalgCortinovis et al.,
2022).

Problem statement

Climate change is causing extreme weather events like heat waves and extreme taiotallr more
frequently in Amsterdan{Gemeente Amsterdam, 20214d) creates an unpleasant microclimate for people
residing in Amsterdam which are affected tinese types of extremevents(Gemeente Amsterdam, 2021a)
Themunicipalityof Amsterdam has created policies and strategies for climate adaptaftidrihey state NB&s

a way of reducing the effects of climate change, after realizing the importance of tacklingrabiem
(Gemeente Amsterdam, 2021&ccording to Alves et al. (2024 municipal stakeholders are interested in
adding advantages beyond stormwater management and heat stress prevetiiEnwant impovement of
biodiversityandbetter air quality whichare a few of the additional benefits that have bedrey want to look
at as well.

Obstacles and knowledge gaps

A knowledge gap ishe multifunctionality values of NBS measur&sen though normally NBS are frequently
recommended as ways to improve urban microclimates, the majority of research to date has tended to

SOFfdzr 1S GKSANI STFSOGABSySaa o6e dzaAy3d | aAay3at Sz Aazf
concentratian, so tre understanding of how NB@pesreally function inurban placesvhere several

environmental and practical factors interact is limited by this indicator appralaahonly looks at oa single

indicator. That meansheere is a lack diiBSassessments that simultaneously measure:

- Thermal comfort (PET)

- Air temperature reduction

- | huptake

- Added bioretention surface area

- Additional tradeoffs e.g. visual obstruction, required space and maintenance costs.

Another gap is the use af climate modeling tooBIOmet tool of the modeling software ENYfet) that

measures the PET when you walk through an environnteatBlOmet thermal comfort walk functioffior the
reason that it isa recently newly implemented ENWet tool part of the ENMnet software (August 2024)
(ENV4Amet, 2024b) The tool isusedfor simulating dynamic thermal comfort walks (ENMlet, 2024), most
current and past research only use static PET measurements at fixed points, like at almmitaand a certain
place without the option to move. So far dynamic simulations that model how pedestrians experience thermal
conditions while moving are rare in NBS scenario testing because it is sio hevable to model it
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Main research questionWhich multifunctional naturdased solutions can be used to reduce Physiological

Equivalent Temperature in Timorpleinbuidiid neighborhood during a hot summer day while also providing
co-benefits for urban climate resilience?

Subresearch questions

How do microclimate conditions vary across Timorpleinbizwid during a hot summer day, and what are the
biophysical features influencing these variations?

Which customdesigned NBS interventions are most effective in reducing PET in Timorpleiztudignd what
additional cebenefits do they provide?

What are the tradeoffs between multifunctional NBS in Timorpleinbwzid?
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Neture-Based Solutions (NBS) Ecosystemn-Based Adaptation (EBA)

‘Nature-based'?  Forms of nature Mixed perceptions of what constitutes nature; artificiel (e.g.  Dissimilar to NBS: nature entails ecosystems and
included biomimicry) or hybrid solutions {combining natural and biodiversity but not artificial forms of narure
engineered components) sometimes included
Functions of nature Utilitarian conceptualization of nature; nature can provide Similar to NBS
multiple benefits to society
Mature as intervention  Wide-ranging perceptions of what interventions are Dissimiler to NBS: generally shared view of what are
- examples considered KBS, variety in scope, scale and range of functions  relevant examples; refers to the management, conservation
Main examples: green roofs and wells, sustainable urban and restoration of ecosystems
drainage systems (SUDS) Main examples: coastal defence through vegetarion, wetland
management, urban green spaces
‘Solutions'? Objectives and Aimed at addressing social, economic and environmental Similarly aimed at addressing multiple sustainability
expected benefits issues simultaneously challenges
Explicitly solution-oriented Emphasises climate change adaptation as key outcome
Governance Involves trade-offs between co-benefits; integrative and Similar to NBS; advocates de-compartmentalisation within
approaches holistic approach promoted governmental organisetion for more effective governance
Characterised by involvement of & variety of stakeholders Similar to NBS; advocates participatory, community-based
management approaches
Socio-spatial Alignment with socio-ecological and institutional context is  Similar to NBS; advocates adeptation to place-based features
embeddedness essential to effective functioning and relies on contributions by local communities

Urban context increasingly recognised as key context for NBS  Incressing attention for embedding in an urban context
implementation
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Since NBS are used to analyze microclimate regulation, so on a local scale, EBA pthsenttieal basis for

evaluating NBS'sffectiveness in lowering thieeat stress and providing other environmentaHgoenefits.
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Ecosystem services increase both human-weihg and the advancement of society by bringing a wide range
of goods and services provided by natural ecosystems (Hansen et al., 2017). These services can be divided into
several groups (Figure 3):

- Regulatingervice#y, These comprise of regulating important environmental processes including plant
pollination, water filtration, flood control, and climate regulation (Hansen et al., 2017).

- Provisioning servicés Natural resources and raw materials such as food, water, timber are derived
from ecosystems (Hansen et al., 2017).

- Cultural service§ Intangible benefits that people receive from ecosystems such as recreational
space, cultural values and aesthetic values (Hansen et al., 2017).



- Habitat (biodiversity) servicés Habitat for species and having structural/native biodiversity (Hansen
et al., 2017).
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NBS support these services, making them essential for socioeconomic development and effective ecosystem
management. (Hansen et al., 2017). The high-besiefit ratio of NBS over conventional solutions, which
represent a flexible approach to sustainablegth and inclusive growth at a reasonable cost, is an important
benefit (Wendling & Dumitru, 2021; European Environment Agency et al., 2021; European Commission, 2015).
This makes it that NBS are a valuable tool for creating a shared, circular, and aigtatonomy in urban

areas (Bona et al., 2022).
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Ground-level and
roof gardens,
planting boxes,
temporary re-use of
space for growing
food

Permeable
vegetated surfaces
that increase
infiltration

Installing NBS
with low carbon
footprint, use
biochar in
substrates

Vegetated roofs,
parks, open waters,
plants propagated

from wild local
origin, woodland

Native flowers from
early spring to late
autumn, forage
plants for larvae,
nesting sites (sand.
soft wood)

Permeable
vegetated surfaces,
green roofs, local
green, sustainable
drainage
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Allotment gardens,
edible forests, food
sites (for fishing,
mushroom and berry
picking), edible
greening

Ponds, streams,
shores, reed beds,
ground-water
protection

Green areas, trees,
management
without using fossil
fuels

Variety of NBS
using local declining
species propagated

from wild origin,
open waters

Meadows and parks
rich with nectar
plants, habitat for
species in decline,
linear NBS (a.g.
transport corridors)

Trees, flood areas,
meandering rivers,
bogs, mangroves,
permeable
pavements, green
tramways
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Crops, pastures,
wild food

Water-shed
protection, lakes,
aceans, flooding

areas

Low-carbon
approaches,
Protecting and
restoring forests,
coastal biotopes,
peatlands

Connectivity,
large nature areas,
conservation
areas, variety of
landscapes

Connectivity,
large nature areas,
reconfiguration
of infrastructure
(e.g. streets into
greenspace)

Watersheds
with abundant
wvegetation and tree
cover, large deltas,
wetlands and bogs,
flood plains
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Erosion
control

Aesthetic
improvement

Cultural heritage

Active life style

Restoration from
stress or illness
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Knowledge
creation,
education and
awarenass
raising

Seocial cohesion,
social capital
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Using mulch,
compost, plant
residues as soil
cover; planting
of seagrass and

mangroves

Vegetated roofs
and facades,
multisensory NBS,
restoring waterways
in cities

Individual trees,
plantings, nature
elements; sites with
historical, cultural,
ar identity value

Easy access to
inspiring green
space for all
{including children,
elderly and
disabled)

Quiet lush NBS,
views from windows
to NBS, easy access

Indigenous spaecies,
pollinators, variety
of NBS, biodiversity
elements, long-term
research sites

Community gardens
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Diverse NBS based

on local species at

tourist attractions
and hotels

Visible vegetated
roofls and facades

Nature-based
tourism
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Revegetation
of riverbanks,
meandering
riverbeds,
agroforestry

NES nourishing
all senses, local
nature, meandering
riverbeds

Local vegetation,
official heritage
sites, valuable sites
for recreation and
nature appreciation

Gradients of
challenge, elongated
green spaces,
connectivity,
variation, attractions

NES supporting
walking and relaxed
social activities

(Semi-)wild nature,
open waters,
remnant forests,
meadows, dead
wood, long-term
research sites

Co-management &
co-planning of green
space

Lush and diverse
MBS along major
touristic routes

NBS providing
recreational
opportunities: open
waters, forests,
parks

Reduced costs for
water treatment
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Preservation
of forests and
vegetation cover

Large connected
green infrastructure,

Mature conservation
areas, use of local
vegetation in NBS

NBS for soft
maobility - forests,
meadows, bogs,
parks, and streats
transformed into
greenways

Large nature areas

Large nature
areas with little
maintenance,
natural dynamics,
nature conservation
areas

Co-management
& co-planning of
landscape
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Large destinations

with local nature,

land-race and wild
species

Large preserved
nature areas
with recreational
opportunities

Production of
timber, food, plants
for NBS
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Category of NbS approaches Examples

Ecosystem restoration approaches - Ecological restoration
i Ecological engineering
- Forest landscape restoration

Issue-specific ecosystem-related approaches ~ Ecosystem-based adaptation
Ecosystem-based mitigation
'~ Climate adaptation services
Ecosystem-based disaster risk reduction

Infrastructure-related approaches - Natural infrastructure
- Green infrastructure

Ecosystem-based management approaches ﬂ Integrated coastal zone management
- Integrated water resources management

Ecosystem protection approaches | Area-based conservation approaches including
. protected area management

CA3dzZNB cY /FidaS3z2zNasSa | yR fKIYOKISE SATF K. HWEWNNRIGOKSE 6/ 2KSy

.S0ldaS 2F (KS addzRéedya dzNbIly m2BEa U0 BORAEER SWLIRINE B O
yIEYSte omOR&ESRISRILIFa2y 09.!00®

Name Definitan Purpese

Ecceystem Approach  Steategy for the integrated management of Jand, water and living resources that Primary framewerk developed to implement CBD (CHD, 2004).
promeotes conservation and sustainable use (n an equitable way (CBD, 2004),

Urder the Nbs Farest landscape The lerg-term process of regaining ecological functionality and enhancing human  To address the need for large scale forest estoration.
umbrella restaration well-being across deforested or degraded forest landscapes (IUCN and WRI, 2014},

Eccaystem- based The use of blodiversity and ecogystem services a5 part of an overall adaptation Te address the effects of climate change via adaptation measures.

adaptation strategy 1o help people 1o adapt to the adverse effects of climate change (CBD, 2009),

Ecological resteration  The proeess of assisting the recovery of an ecosystem that has been degraded, Te reverse degradation induced by unsustainable human activity on
damaged or destroyed (SER, 2004). SCOSVELEMS,

Protected Areas A clearly defined geographical space, recognized, dedicated and managed through  To conserve nature (biediversity and gecdiversity) and to provide a
legal or other effective means to achleve the leng-term conservation of nature with  range of ecosystem services that do net conflict with nature
associated ecosystam services and cultural values {Dudley, 2008), conservation,
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BENEFITS

Reduction of air
pollution

Support biodiversity,
offer space for declining
species

Mitigation of urban heat
island

Preventing and
recovering from pluvial
flooding

Improved landscape and
greenspace connectivity

Noise abatement

Social cohesion and
social inclusion

Offer public space and
accessibility

Savings in energy use
and costs via cooling

Increased value of the
space or area
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LOCAL RISKS

Release of VOC, increased
pollution by slowing air
flow

Damaging biodiversity via
transport of exotic species

Heat retention via
prevention of air flow

Flood risk not reduced
enough due to poor
solutions

Malfunctioning
connectivity for the
related organisms

Moise from management
machinery or unexpected
forms of use

Exclusion due to failure of
recognising different user
groups’ needs

Spaces remaining unused

Cooling impact not
achieved due to unsuitable
plants

Inequality among different
societal groups, space
needed for NBS
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WIDE-SCALE RISKS

Pollution emissions
during production and
transport

Homogenised landscapes
with one-size-fits-all
solutions

Increased global warming
due to carbon release
during production and

transport

Exacerbating cloud
bursts and sea level rise
due to carbon release

Wide-scale dispersal of
unwanted organisms

Noise from production
and transport

Segregation due to
unequal access to NBS

Wasted natural resources

Fossil fuels used for
material production

Gentrification of urban
areas
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Heat Balancing (MEMI): Summer </ ‘t

T,=30°C, T,.,= 60 °C, RH = 50%, v =1.0 m/s, PET = 43 °C

Internal heat production: 258 W Respiratory heat loss. -27 W

Mean skin temperature: 36.1 °C Imperceptable Perspiration: <11 W
Body core temperature: 375°C Sweat evaporation: 317 W

Skin wettecness: 53 % Convecton -143 W

Water loss: 525 g/ Net radiation. +240 W

Body Parameters:1.80 m, 75 kg, 35 years, 0.5 clo, walking (4 kmvh)
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PET (°C) Thermal Perception Grade of Physiological Stress

<4 Very cold Extreme cold stress

4-8 Cold Strong cold stress
8-13 Cool Moderate cold stress
13-18 Slightly cool Slight cold stress
18-23 Comfortable Mo thermal stress
23-29 Slightly warm Slight heat stress
29-35 Warm Moderate heat stress
35-41 Hot Strong heat siress

=41 \ery hot Extreme heat stress
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