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City Adaptation to Climate Change

The global challenge of making cities more green
& blue, more resilient, and more inclusive !!!
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Percent of world population living in cities
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In all cities and urban areas, the risks faced by people and assets from the
hazards associated with climate change have increased (WB 2023, Chapter 3):

Climate shocks (sudden-onset events) Climate stressors (slow-onset events)
« Extreme heat and/or Cold » Drought

« Heavy precipitation and floods « Air pollution

« Coastal flooding « Land degradation.

« Wildfires. * Rising sea levels

« Wind-related disasters
(hurricanes, cyclones, and typhoons).
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=PrL  “If you want to win the climate change battle,
it will be fought in the cities of the world”

(Andrew Steer, Chief Executive Officer, World Resources Institute in Newman et al. 2017)

Sustainable Urbanisme (Farr 2008) Resilient Cities (Newman et al. 2017)

Compact and dense cities d b More cyclical and regenerative metabolism

Complete and diverse communities Foster inclusive and healthy cities
Connected and active transportation Create sustainable mobility systems

Green planning and building Biophilic/green urbanism in the city

High performance building/infrastructure Q Q Invest in renewable and distributed energy

less of the bad things more of the good things
(reducing ecological footprint) (regenerating ecological footprint)

(adapted from Newman et al. 2017, p.13)
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eEPFL  Concept and Definition of “Green & Blue”
Infrastructure

GREEN INFRASTRUCTURE

« Green & Blue » Natural - e Human-made « Infrastructure »
Grasslands Street trees
natural features and/or Riparian areas Rain gardens An interdependent set of
Forests MTERCOMMECTED Green roofs

media that provide Fields MATURAL SYSTEME ARD Porous pavement works, equipment and/or

, Wetlands ECOLOGICAL PROCESSES Bioswales
t . ~

ecosystem and/or services organized or

environmental services structured in a network

An nterconnected network of natural environments and semi-natural developments
strategically distributed throughout the urban space to produce the broadest range
ol ecosystem services to strengthen the resilience of cities

(adapted from EC 2013 p.3 and Metro Vancouver n.d. p.6)
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Green Infrastructure Opportunities across the Urban Landscape

(Metro Vancouver, n.d, p.7)
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Ecology
Biological diversity
Biomass & Biotopes
Natural Landscapes

Economy
public finance
Productivity & Efficiency
Local/circular economy
Urban Benchmarking

Environment
Climate & Temperature
Air & Soil & Water Quality
Emissions & pollution
Natural hazards

Society

_ _ Wellness & Health
Education & Learning

» Quality of life
'.ZOIOd &ll::utrlt;:) n Mental/Psychic Health
Social Health/Cohesion Fitness/Obesity

Incivility & Violence Sports/Leisure/Relaxation
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Support a green

Benefits to economy and
sustainable
humans lifestyles

Hansen et al. 2017 (p.12)

Environmental sciences and engineering (SIE)
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Improve human
health and
wellbeing

Bring people into  Provide diverse ~ Understand and

contact with ecosystem adapt to
nature and services and environmental

educate them other functions changes, e.g.,
about the climate change

environment and other

external stressors

ENV-442 Urban Green & Blue Infrastructure and Global Warming

Protect rare,
endangered or
otherwise
important species

Benefits to
nature
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Approaches addressing the green structure

Seeks to integrate and coordinate urban green with other
urban infrastructures in terms of physical and functional

relations.

Considers and seeks to combine ecological, social and
economic/abiotic, biotic and cultural functions of green
spaces.

Includes physical and functional connections between
green spaces at different scales and from different
perspectives.

Can be used for initiatives at different scales, from
indivig%lg%gqlg to community, regional and state.

Hansen et
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Approaches addressing the green structure

Includes all kinds of (urban) green and blue space; e.g., natural
and semi-natural areas, water bodies, public and private green
space like parks and gardens.

Approaches addressing governance processes

Aims for long-term benefits but remains flexible for changes
over time.

Stands for communicative and socially-inclusive planning and
management.

Based on different disciplines such as urban ecology, regional
planning, and landscape architecture and developed in

arming " 23.05.2025/S.9
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The 3 Steps for Tactical Design of UGBI
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Sponge city examples
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~ 1 Plantations
\‘ ‘ l ’ 2 Sol pour plantations
(450 mm)
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4 Réservoir de perre notte
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(200 mm min.)
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* [T looks green and natural, but can be highly
engineered

@+ o be adapted fo local conditions
* Very sensitive to small alterations

©  « Public information highly recommended
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EPFL 14.03.2025 |

1.3 Gestion des eaux pluviales — Techniques alternatives

DIFFERENTES TECHNIQUES ALTERNATIVES pour gérer les eaux pluviales
(source : directive Evacuation des eaux, état de Geneve)

Collecteur public

® Triform SA | www . triform.ch

© Pavement perméable
€& Noue

© Rigole

¢ Toiture végétalisée
© Réservoir paysager
® Cuve a eau

© Bassin

© Mare

© Tranchée drainante



=PrL  Urban Heat Island (UHI): PROCESS

Heat Absorption

Heat Release
In the Atmosphere

ot

‘ llutants

Heat Trapped in
the Atmosphere

Less Convection

Less Cooling Efficiency

Heat Trapped in
the Atmosphere

Figure 1. Process of Urban Heat Island (UHI) Formation.

(Nuruzzaman 2015, p.68)
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UHI Factors

« Climatic and meteorological conditions

« Geographic location

« Urban and architectural geometry

« Thermal trapping and ventilation

» Properties of urban materials

* Increased impervious surfaces

 Reduced vegetation and permeable surfaces
» Anthropogenic heat emissions

« Air pollution and local greenhouse effect

(OFEV 2018 and US EPA 2008)
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GRAPHICAL ABSTRACT
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MIXED GARDEN
Farmland, foresy, Balcony
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=PrL City of Zurich, 2020 Specialised Planning for Heat
Mitigation: FIELDS AND LINES OF ACTION
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Figure 3: Densité d’arbres par hectare sur le canton de Genéve (2009). Figure 7 :  Lieux prioritaires pour atténuer I'ilot de chaleur

€1/ P G — 7
0-18 Jid “‘K' I sasse A
; Il »-= w7y 243 B cece ' : &
b . = & A 0 125 25 5 3
’ 7 | —
"~ 10330 7 D\;ﬂm‘-m
0 125 25 ‘
f
‘\
Ty -
i —4 Lo e
3 : 7‘7 id L ) d : ‘/ o

(Schaelpfer et al., 2018, p.14R219nmental sciences and engineering (SIE) ENV-442 Urban Green & Blue Infrastructure and Global Warming 23.05.2025 / S.16



COURS ROGER BONVIN

Composantes physiques

-

; \"-"if'/
Terrain de foot = ™

| | : Parcours/
| | lecture. ..

-

.*\_

Skate Park

e *'?fa(-ll

-

)
Pataugeoire

OGER 80
-};\. A . PRCMET STHERM BASC
(g & “-\-fv\,“ — et T -
£ - 4
g h— = r—— AN GOSN AL




L'arbre : plantation et entretien

Figure 11 : Schématique idéalisée des bénéfices d’un arbre au cours du temps (source : Jeremy

Valeur des bénéfices
de l'arbre
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Source :
Nos arbres - Genéve

De grands arbres...

1. Bien les choisir
2. Les faire pousser
3. Les laisser pousser

4. |Les conserver

Michaél Rosselet

Délégué aux arbres - Lausanne



L'arbre : plantation et entretien

Des plantations de
qualité...

-..un sol de qualité

Les mémes arbres, en méme
temps, dans des sols differents

Michaél Rosselet
Délégué aux arbres - Lausanne



L'arbre : plantation et entretien

Des plantations de
qualité...

... difficile parfois

Michaél Rosselet
Délégué aux arbres - Lausanne



Habitat fragmentation and edge effects
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Core areas + corridors = ecological infrastructure

Forét naturelle, ilots de vieux

bois, foréts clairsemees

Haies, bosquets, vergers,
allées

Bas- et hauts-marais,
etangs, mares, lacs

Cours d'eau, zones
alluviales, sources

Habitats secs (p.ex. prairies

et paturages)

Prairies maigres, jachéres
fleuries, surfaces rudérales

Surrounding human-modified landscape

'

Landscape corridor

Stepping stone corridor

\‘/

@
@

Linear corridor

_— Buffer zone

-—

-




Common mistakes when planning an El

« "Too little, too late": restoring ecological connectivity requires ambitious
iInvestments and long-term planning.

« General measures, not specific enough. The diagnostic stage is crucial, it defines
the measures necessary to restore the El. It requires a biological eye.

* Measures too focused on one or a few target and charismatic species, not on the
restoration of ecological processes.

« Greenwashing. No real understanding of what is at stake (e.g. anecdotical tree
planting, honeybee hives, very temporary ponds that act as ecological traps...)
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Meta-analysis of 57 scientific studies published between 1973-2011 (ucyetal 2013, pot7.918)

Increases

Facilitates social interactions
Promotes social empowerment
Decreases crime rate
Decreases urban violence

Cromotes interracial exchanges

(A Restoration
Learning Opportunities
Increases productivity
Decreases mental fatigue
Improves academic performance
Better cognitive function in children

\Better ability to multi-task

y

Physio-
logical

Psycho-
logical

J

Environmental sciences and engineering (SIE)

ENV-442 Urban Green & Blue Infrastructure and Global Warming

Reduction

Decrease in vascular/respiratory diseases
Decreased disease episodes

Faster recovery

Reduced headaches

Perception of health and well-being

Psychological
Improved self-esteem
Improves mood
Reduces anger/frustration
Decreases anxiety
Behavioural Enhancement

23.05.2025/S.24



CARACTERISTIQUES DES ESPACES VERTS

Infrastructures vertes urbaines
Densité & qualité
Espace bleu (accés et exposition)

INTERVENTIONS PROMOTION DE LA SANTE

Thérapies naturelles &
prescriptions vertes
Interventions en matiére

dactivité physi

CO-BENEFICES

Services écosystémiques
Régulation de la pollution de I'air
Régulation du ruissellement des eaux
Réduction de ia chaleur
Atténuation du bruit
Adaptation et atténuation du
changement climatique
Blodiversité

A

CHANGEMENT DE
COMPORTEMENT

A

RESULTATS EN MATIERE DE SANTE +

Sante (globale)*
Santé mentale*
Activité physique & obésité
Mortaiité*
Maladies non transmissibles
Fonctions respiratoire et
immunitaire

Développement et
naissance’

EFFETS NEGATIFS

Santé humaine
Maladie a transmission
vectorielie
Allergénes
Algues
Noyade
Rayonnement UV
Santé des écosystémes

Perturbation des espaces
naturels et de |a vie
sauvage

la santé en ville (1):

Espaces verts

Ref: Banwell et al, Public Health Rev, in press
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Niveau

Fédéral
Cantonal
Régional

Communal

Intercommunal

Transversal

Environmental sciences and engineering (SIE)

Outils
LAT

LATC, Reglement d’application,
PDCn

Plans directeurs régionaux

PDCom, PACom, Plans spéciaux
(PQ, PPA)

Projets d’agglomération, plans
directeurs intercommunaux

EIE, plans de mobilité, stratégie
climat

ENV-442 Urban Green & Blue Infrastructure and Global Warming

Caractere
Loi
Loi + plan directeur

Stratégique

Contraignant (PACom)

Stratégique / opérationnel

Complémentaire
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=PFL Responsabilités en matiere
d’amenagement du territoire en Suisse

Confédération Elaboration d'études de base
ex. - Projet de territoire Suisse
- stratégies en matiere d'organi-
sation du territoire, de coordi-
nation des transports et de
développement durable

I

Canton Elaboration d'études de base
ex. - conception directrice
- conception de l'organisation
du territoire
- conceptions, plans sectoriels

Plan directeur cantonal

I

Commune Elaboration d'études de base
(exceptionnellement ex. - conception directrice
canton) - plan directeur communal

Plan d'affectation communal

Source : ARE, 2012
23.05.2025 / S.27



OUFC 2021 Lorien Nesbitt Urban Nature for Equitable Cities

Urban Green Equity

Fair access to and governance of urban
forests, regardless of differentiating factors,
such as socioeconomic status, racialization,
cultural background or demographics




OUFC 2021 Lorien Nesbitt Urban Nature for Equitable Cities

Urban forest distribution §
in Vancouver §
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Neighbourhoods with residential instability,
material deprivation, ethnic concentration:

- Lower access to public parks

- Lower residential exposure to vegetation
& water

" . Higher residential exposure to buildings
and pavement

: Jarvistet al (20200
Landscape and UrbanBlanning.



OUFC 2021 Lorien Nesbitt Urban Nature for Equitable Cities

Pathways to Equity
Mosaic governance

- Multicultural cities have high biocultural
diversity

- Biocultural diversity growing & changing

- Diversity absent from dominant urban forestry
discourses

- Recognition: recognition of the diversity of people,
communities and their (biocultural) experiences, and
the importance of their participation in urban forest
processes (decision making, stewardship)
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"Biophilic architectural design" can reduce stress, improve cognitive function and creativity,
increase our well-being, and speed up healings

14 PATTERNS OF
BIOPHILIC DESIGN

Environmental sciences and engineering (SIE)

NATURE IN THE SPACE

Visual Connection with Nature
Non-Visual Connection with Nature
Non-Rhythmic Sensory Stimuli
Thermal & Airflow Variability
Presence of Water

Dynamic & Diffuse Light

Connection with Natural Systems

ENV-442 Urban Green & Blue Infrastructure and Global Warming

NATURAL ANALOGUES

8. Biomorphic Forms & Patterns

9. Material Connection with Nature
10. Complexity & Order

NATURE OF THE SPACE

11. Prospect

12. Refuge

13. Mystery

14. Risk/Peril

23.05.2025/ S.32






cPrL  Best management practice for «High
Performance» Infrastructure (HPI)

P e

i °+ Maximize urban ecosystem services

» Disseminate and interconnect HPI strategically

"""""" * Develop tridimensional spatial planning and design
* Integrate HPI through cross-discipiinary teamwork
* Optimize HPI performance, efficiency and lifecycle

* Promote infrastructural synergies to adjacent systems

¢ Restore ecology and functionality of urban natural system

« Heduce detrimental impacts to air, water, soil, vegetation

(New York City 2005) (Adapted from New York City 2005 and Singelton et al. 2018)
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BIOPHILIC CITIES

TIMOTHY BEATLEY

Environmental sciences and engineering (SIE)

(Beatley 2011)

Restore large green system

Trees, parks and forests within of where people live
Insert nature and In urban interstices
Protect and natural urban hydrology
urban street and infrastructure
Grow food and develop in the city
Green existing urban neighbourhoods
Creates safe spaces for and

Promote building and working environment

Green the dimension (Walls/Rooftops)

ENV-442 Urban Green & Blue Infrastructure and Global Warming 23.05.2025/ S.36



Green is the new

== Liuzhou Forest Clty, reglon&asutenome du Gu@gm Chlne

R (V|IIe foret de 3 759!900 ‘habitants congue par Stefano Boerl)
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