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=PrL  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 widest range of
ccosystem services to strengthen the resilience of cities

(adapted from EC 2013 p.3 and Metro Vancouver n.d. p.6)
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Allotments and

community

Natural, semi-natural and feral areas

gardens ® forest (e.g., remnant woodland,

< r e e n managed forests, mixed forms)
shrubland

abandoned areas

Infrastructure @y
Typology

wetland, bog, fen, marsh
® balcony green

® ground-based green wall

Hansen et al. 2017 (p.6) facade-bound green wall
! extensive green roof
intensive green roof

Parks and recreation
large 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.
Environmental sciences and engineering (SIE) Image credits: Rieke Hansen

Blue spaces
lake, pond

river, stream
dry riverbed
canal
estuary
defta

Private, commercial, industrial and
institutional green space/green space

* connected to grey infrastructure

bioswale

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

railroad embankment

green playground, schoolground

Agricultural land
® grable land

® grassland
tree meadow/orchard
biofuel production/
agroforestry
horticulture



Green Infrastructure Opportunities across the Urban Landscape

(Metro Vancouver, n.d, p.7)
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LANDSCAPE TYPE

GREEN : £3
INFRASTRUCTURE st A
OPPORTUNITY AGRICULTURAL GREEN SPACE

Pollinator-friendly gardens

I more opportunities P less opportunities (Metro Vancouver, n.d, p.21)




EPFL Green and Blue Infrastructure Components

Hubs: Core areas of high biodiversity value and non-
protected core areas with large healthy functioning
ecosystems

Corridors and stepping stones: natural features like
small watercourses, ponds, hedgerows, woodland strips

busines:
natural areas (e.g., restored reedbed) -

Restored habitats : reconnect or enhance existing —?J '

Artificial features : such as eco-bridges, bio swales or
green roofs to enhance ecosystem services

Buffer zones: improve the general ecological quality and ‘
permeability of the landscape (e.g. organic farming) !
Multi-functional zones: land uses that support multiple

land uses in the same spatial area (e.g. food & recreation)

=
't

: X

@ T4

Pauleit et al. (p.36) in Kabisch et al 2017 European Commission 2016
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Products obtained from ecosystems

Benefits obtained from the regulation

of ecosystem processes

Nonmaterial benefits people obtain
from ecosystems through spiritual
enrichment, cognitive development,
reflection, recreation, and aesthetic
experiences

Are necessary for the production of all

other ecosystem services

(MEA, 2005, p.40)

Supporting

SOIL FORMATION

ECOSYSTEM SERVICES

NUTRIENT CYCLING

PRIMARY PRODUCTION

Provisioning
FOOD
FRESH WATER
WOOD AND FIBER
FUEL

Regulating

CLIMATE REGULATION
FLOOD REGULATION

DISEASE REGULATION
WATER PURIFICATION

Cultural
AESTHETIC
SPIRITUAL
EDUCATIONAL
RECREATIONAL

LIFE ON EARTH - BIODIVERSITY

ARROW'S COLOR
Potential for mediation by
socioeconomic factors

Low
B Medium
B High

ARROW'S WIDTH
Intensity of linkages between ecosystem
services and human well-being

= Weak
——3 Medium

[ Strong

CONSTITUENTS OF WELL-BEING

Security
PERSONAL SAFETY
SECURE RESOURCE ACCESS
SECURITY FROM DISASTERS

Basic material
for good life Freedom
ADEQUATE LIVELIHOODS of choice
SUFFICIENT NUTRITIOUS FOOD and action
SHELTER
ACCESS TO GOODS OPPORTUNITY TO BE
ABLE TO ACHIEVE
WHAT AN INDIVIDUAL
VALUES DOING
Health AND BEING
STRENGTH
FEELING WELL
ACCESS TO CLEAN AIR
AND WATER

Good social relations
SOCIAL COHESION
MUTUAL RESPECT
ABILITY TO HELP OTHERS

Source: Millennium Ecosystemn Assessment

Millenium Ecosystem Assessment (2005, p.50)
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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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EPFL ES = Interactions between Natural
Systems and Socio-economic Systems

Landscape

watersheds

topography

W  Socio-ecological system @
’/A\\ o g y
tempemmrev
Py »\"‘__‘"\“ ,_,"“\:’7’.%
hydrographyf:,:,/- g S e ,_‘A\—\\ o : . T}/@\ buildings

A
[

unused
potential ES ﬂOW ES demand

Natural capital unfulfilled

Honeck et al. 2020 (p.9) 25/S.11
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nservancy e

NEARBY NATURE

EVEN SMALL AMOUNTS CAN HAVE A POSITIVE
IMPACT ON PEOPLE IN URBAN AREAS.

IMPROVES BOOSTS MITIGATES

MENTAL
HEALTH F;ONOMY . E’QLLQTION

Iir and

: %
71 O .
ROV T g L BT R R O A H

MANAGES PS INSPIRES IMPROVES
STORMWATER TO CHILDREN B PHYSICAL SOCIAL
REDUCE FLOODING LEARN ACTIVITY & COHESION

AND POLLUTION j Y
P =

Ik

r oquivalent

n other urba

Preto crest Frores i Marab: bowice st 0 12 0. Sowardehes Partrcrs, Mt Sagtvey, Dreran King: iraste raght (i to ovgea): Kk Compaon, oty Burnae THE

Not only Services but also
some Disservices (e.g. trees)

(Schlaepfer et al., 2018, p. 15)

Réduction de I"érosion
par écoulement

Ameélioration qualité de 'alr Réduction du
(capte micropolluants | niveau de bruit
stock COy) et de poussibres

Augmentation

du sentiment

de communauté

et rGle pédagogique

Q Source d'allergénes

Frais de plantation
entretien, dégats
Infrastructures ¢t
compétibon pour
I'espace

Plus-value paysagére

Ombrage, réduction
chaleur ressentie

Habitat et ressource
pour d'autres espéces

Accidents
de personnes

Détente,
recreation,
spiritualite

Menace pour
|n biodiversité
autochtone
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g Health and Climate adaptation Biodiversity and Social cohesion and
% quality of life and resilience experiencing nature inciusion
§ N Green A Sustalnability and { Economic j {
o 'Bau‘k‘"“'“/ resource efficiency ‘ development /|
\ & 2 /
Jeban forests Parl iesidential developments ansport infrastructure

i} NEAR-NATURAL  DESIGNED GREEN SPACES rlayerounds an
aygrounds a GREY SITES WITH
=
= LANDSCAPE AND OPEN SPACES P nds POTENTIAL
9 Watercourses/ Aericulture Comatoriae - Roofs and Swales, Retentior
2 SRR meteri \., v},:u nity focada 5,::.'_\ S
E CULTURAL LANDSCAPE Egraehs ) o
(BfN 2017, p.6) 3 Nokisre baanriies Alotments ' School yards/eardens  VACANT LOTS
| M | \ } [\ 4 / f \
. . . o & = IMPROVE  CREATE FOSTER MULTIPLE GREEN & GREY ENCOURAGE COOPERATIVE
= UALITIES  LINKAGES  USE & DIVERSITY  TOGETHER EFFORTS & ALLIANCES
« Setting objectives 5 ([ o
= ssocia * 3t different s support diverse * plan together * cooperation batween
o 0 ecological sca = M SeIVICeS o con ( 5Ci
ég S *spa and .5 ) ol and stak der
. 1 func .o ra yh o

* |dentifying suitable sites

=
=}
 Establishing principles of planning 2
gl ORI v smbia i) e “ringand SUPPORT AND
OPEN SPACE PLANNING AND FUNDING
. . . . . E NATURE CONSERVATION . = LSRR Oh oy,
» Defining qualification requirements : B
& " URBANPLANNING oo riiee PLANNING makilfy planning
= rategles ban kand-use Urban development '_”:
« Making targeted use of instruments : AT ——
&5 Water FEDERAL GOV./ Sites and monuments ResBentiatniiatives
g anagement LANDER. . . authority o0 ‘
« Working together for green 1 " b SO IR ol s 1o MO
. 17 '—".-:»‘ eening "" authority i
InfraStrUCture “"""‘“-’ e Urban planning autharity ‘ ASSOCIATIONS R

DI;VELOPMENT, NETWORKING‘AND I;IIANAGEMENT OF
. . baseline w connecting 4)‘(-[; combined elements consisting l%
[ S e C u rl n g an d d eve I O p I n g g re e n elements elements < of green and grey infrastructure \

infrastructure ——————
URBAN GREEN INFRASTRUCTURE

IMPLEMENTATION

\"__:,—" ] |

Environmental sciences and engineering (SIE) ENV-442 Urban Green & Blue | Steps towards urban green infrastnucture 14



=ePFL Green and Blue Infrastructure Assessment

Assessment of the natural and the socio-economic systems

Landscape

Natural system Social-economic system

T —

watersheds

W Socio-ecological system <=
population

_, buildings

unused

Natural capital unfulfilled peiteEAl

Honeck et al. 2020 (p-9) 25/8S.15
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(NRM Board, DPAS subgroup, 2023, p.6)

GBI Assessments need to:

existing green and blue infrastructure and areas for improvement (e.g.,
enhancement of existing and/or provision of new GBI).

what improvements can be made to biodiversity, to ecosystem
resilience, to the needs of local communities and society, and how green and blue
Infrastructure can meet these needs.

* Be , from GBI strategic planning at the regional
level to GBI infrastructure development at the site level.

* Be to ensure up-to-date and evidence-based information,
to assist reporting requirements, and to inform management decisions.
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eEPFL Flowchart of the GBIl Assessments

(NRM Board, DPAS subgroup, 2023, p.6-7)

Setting the Identifying Identifying Site

baseline priorities opportunities Assessment

Step 1 Setting the baseline

What green and blue infrastructure already exists in the area? Where are the key ecological assets and ecological networks?
What conditions are these in, and what are the main threats these are under?

Step Z2: ldentifying priorities

What are the main socio-economic and environmental challenges that need to be addressed in the area, and to what extent can
this be done through green and blue infrastructure?

Step 3 ldentifying opportunities

At a strategic level, where are the best places to address the issues identified under step? What would that look like in practice?
(i.e. enhancement of existing and/or provision of new green and blue infrastructure)

Step 4: Site assessment

What important green infrastructure assets can be found on sites? What are the main threats and challenges this green
infrastructure is exposed to? What opportunities are there to maintain and improve this GI?

Step 52 Monitoring and review

s the green and blue infrastructure assessment helping to deliver the desired results? If not, should the green and blue
infrastructure assessment be reviewed?
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TRARSELY COMTREY UF Foel CITER AOA APPLED "RANIECT ATVEES

NETWORK DESIGN FOR SPECIES HABITAT
WILDLIFE CORRIDORS
COMPATIBLE WORKING LANDSCAPES

w
o
<
Q
0
(@)
3

GREENSPACE FOR WATER
QUALITY AND SUPPLY

GREENWAYS FOR RECREATION

REGION

GREEN INFRASTRUCTURE APPROACH

(Alen 2014 in Bar¢ et al., 2015, p.2) (Metro Vancouver, n.d, p.8)
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Approaches addressing the green structure Approaches addressing the green structure
Seeks to integrate and coordinate urban green with other Includes all kinds of (urban) green and blue space; e.g., natural
urban infrastructures in terms of physical and functional and semi-natural areas, water bodies, public and private green
relations. space like parks and gardens.

: . : : Approaches addressing governance processes
Considers and seeks to combine ecological, social and PP 99 P

economic/abiotic, biotic and cultural functions of green

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

Includes physical and functional connections between

green spaces at different scales and from different Stands for communicative and socially-inclusive planning and

perspectives. management.

Can be used for initiatives at different scales, from Based on different disciplines such as urban ecology, regional

individual parcels to community, regional and state. planning, and landscape architecture and developed in

partnership with local authorities and stakeholders.

Hansen et al. 2014 (p.517)
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EPFL Best management practice for «High
Performance» Infrastructure (HPI)

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 28.02.2025/S.21






EPFL The 3 Steps for Tactical Design of UGBI

2 23

IMPROVE & STRENGTHEN
t[le UGBI networ

. Q, 3

£ CONNECT & DEVELOP
£ existing/new UGB

P A ¥

¢,

-

PALM (2012)
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(altered from Hansen 2014 in BfN, 2017, p.27)

Connectivity Urban green infrastructure

Assessment of condition:

Weak Moderate Strong
Strengthen connectivity between Maintain green infrastructure <
Add new connecting elements =
elements system
Enhance element quality and
Enhance element quality and add 2 >
strengthen connectivity between Enhance element quality > S e
new connecting elements = o =
elements 3 © 3
o < o
~—
o -
Develop new/restore existing & 5
Develop new/restore existing ele- Develop new/restore existing g > £
elements and add new connecting £ S -
ments and strengthen connectivity elements - —
elements 2 s



=PFL The 4 “Rights” for UGBI Projects Design

The
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ePFL The right GREENE for the right SERVICE

Role of trees in mitigating urban heat island

ﬁ?’z’%”‘%uw s

B8VOC = Biological volatile organic compounds
(Courtesy of Gillner et al. in EFUF 2014 n.p.) (Livesley et al. 2016, p.120)
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ePFL The right SERVICE in the right PLACE

Temperature in Geneva, 22,12,20

(SITG, 22.12.2020)

Environmental sciences and engineering (SIE)

Role of trees in mitigating urban heat

Reduced erosion due
to run-off
Improved air quality (captures Noise and dust
micropollutants, stores CO2) reduction
Increased sense of
Landscape community and
enhancement educational role
Shading, reduction in Source of
perceived heat allergens
Planting and maintenance
Habitat and resource costs dgamage t(;
for other species infrastructure and
competition for space
Relaxation, Personal
recreation, spirituality accidents
Threat to native
biodiversity

(Schlaepfer et al., 2018, p. 15)

ENV-442 Urban Green & Blue Infrastructure and Global Warming
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Diagnosis ‘ Deficc::ts / Priorities
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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
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AGuide for

Delivery

]

Trees
Action Group

P7 CIHT

(TDAG, 2016)

Environmental sciences and engineering (SIE)

Dimensional criteria for locating trees

for tall vehicles
¢. Honzental c
mmooat

d. Honzontal clear

(TDAG, 2016, p.54)

ENV-442 Urban Green & Blue Infrastructure and Global Warming

Impact of trees on air guality in street

canyons

Street canyon affect

atl i

(TDAG, 2016, p.63)
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ePFL  Further Reading on the Subject

Planning Process
BfN, 2017

UGBI Ecosystem Services
House et al. 2016.

UGBI Definition & Concept
Metro Vancouver (n.d.)

»
CONNECTING THE DOTS

URBAN GREEN INFRASTRUCTURE B/’V’

A foundation of attrsctive and sustainsbie cities

‘wnm-

Pointers for

Environmental sciences and engineering (SIE) ENV-442 Urban Green & Blue Infrastructure and Global Warming

...G

Planning Guide
Hansen et al. 2017

RCGECE

URBAN GREEN
INFRASTRUCTURE
PLANNING

A GUIDE FOR PRACTITIONERS
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