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Planetary boundaries, urbanization at record pace
Implications of urbanization

Urban green infrastructure and ecosystem services
Functional traits and socio-ecological filters

The Socio-Ecological Traits Framework

The distribution of biodiversity across a city
Functional groups of urban trees

High-resolution models of temperature regulation as an
ecosystem service

Implications for planning and citizens



The Anthropocene and rise of urbanization - Why does this matter?

Planetary boundaries
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57% of the world's population lived in cities in 2022;
By 2050: ~68%

Richardson et al. 2023
HYDE 2023, United Nations 2018



The Anthropocene and rise of urbanization - Why does this matter?

Planetary boundaries Share of the population living in urban areas in 2023
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. Urbanization is one of the main drivers of crossing planetary boundaries

STRATOSPHERIC OZONE
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. Cities have an ecological footprint that is tens to hundreds of times larger than their

actual boundaries
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In your opinion, what is the biggest
challenge cities face today”?



Implications of an urbanized world

Loss, fragmentation, deterioration of (semi)natural habitats




Implications of an urbanized world

Loss, fragmentation, deterioration of (semi)natural habitats

Decreased air and water quality and changes in natural water drainage patterns



Implications of an urbanized world

Loss, fragmentation, deterioration of (semi)natural habitats
Decreased air and water quality and changes in natural water drainage patterns

Alterations in microclimate

®How the Heat Island Phenomenon occurs
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Implications of an urbanized world

/-) Actions \

Human System Ecosystem >

R__ Ecosystem ¢/ Social-Ecological System _ o _
Services Direct and indirect impacts on ecosystems,

biodiversity and humans

Limits species pools and leads to biotic homogenization @

Accelerates the pace of global environmental changes .

1]
| Impacts human well-being, and mental and physical health *

BUT:

with proper planning, cities can also
become reservoirs of regional biodiversity

Adapted from Resilience Alliance 2007



Green infrastructure provides important ecosystem services

It's not just parks, it's a system

Neighborhood trees Green roofs & walls Parks & corridors

Pocket parks and trees in streets, squares Hybrid ecological-technological systems Larger green spaces and ecological

and avenues are the most abundant public that extend nature into the built corridors enabling fauna dispersal across
green element in dense urban matrices environment the urban matrix

T I'l A FIQ_’L

| | T -
support & climate  water Pollination recreational air pollution food
habitat ~ regulation  retention activities mitigation

Childers et al. 2019



Green infrastructure provides important ecosystem services

 Provisioning — food (allotment gardens)
» Regulating — climate regulation, air quality, stormwater management, carbon capture, biodiversity habitat

 Cultural — sense of place, recreation, social cohesion, mental & physical health

Neighborhood trees - element most experienced by city dwellers daily.

Their role has shifted from aesthetic to multifunctional, but this potential is often underutilized.

Ecosxstem | " I—I . ? L—| B
irEeS/ A,JM&TW | | an ' . f 2
support & climate  water  Pollination recreational air pollution food
habitat ~ regulation  retention activities mitigation




Think of a green space near where you live.
What services does it provide?
Who benefits from it?




Green infrastructure provides important ecosystem services

From broader to finer scales

d

Ecosystem
services

N_{Mﬁn&““ [ . Q [ £
support & climate  \water  Pollination recreational air pollution food
habitat ~ regulation  retention activities mitigation



Green infrastructure provides important ecosystem services

Parish City
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i

Habi - Microclimate Flood Climate
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Green infrastructure provides important ecosystem services

Through different biodiversity facets

@@ @ @‘ﬂ @@

Structure Abundance Taxonomic Functlonal
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Traits: a toolkit of ecological functions

Taxonomic tell us which tree was planted, functional
traits tells us their functions

Urban biodiversity needs to be seen as a “toolkit of
functions”

Traits are linked to spread, regeneration, tolerances to
disturbances, and the delivery of ecosystem services

LEAF TRAITS

o Leaf area

o Leaf thickness

o Leaf dry
matter content

o Leaf nutrient content

CANOPY TRAITS

¢ Canopy height
« Canopy spread

« Leaf area index

« Canopy density

WOOD TRAITS

* Wood density

@ “ )
g p._ - SIPREPN | e Sl P> e 8 i)
2 58 ; 5 B
BN o SPPY / 9 )
x % -~ »s /
2 > X 2 - -
o Xylem structure (@) / REPRODUCTIVE TRAITS
* Growth rate S [  Flowering time
| * Seed size

« Dispersal mode

BARK TRAITS

« Bark thickness

PHENOLOGICAL TRAITS

« Leaf onset

« Bark texture

« Fire resistance
o Leaf fall

« Flowering phenology

e Fruit maturation

ROOT TRAITS

¢ Root depth
* Root diameter
+ Root density

* Root lifespan



Traits: a toolkit of ecological functions

@ Response traits determine Effect traits determine

how trees cope with il Tog ether response — how trees influence

environmental conditions ecosystem functions
and effect traits shape Y

the role of trees in a and benefits for
changing world. people and nature.

and pressures.

« Response and effect traits can overlap, diverge, conflict

« When response and effect traits overlap, a stress event
can simultaneously reduce the species' tolerance AND its
service delivery

« Example: high temperatures cause early leaf shedding
(response) which reduces shading and
evapotranspiration (effect) — less cooling — more heat
stress — human well-being is affected

Response traits Effect traits
DROUGHT co CARBON
;g TOLERANCE & SEQUESTRATION
P, & oD
i ¥
HEAT b V7. COOLING
TOLERANCE . 50 7 EFFECT
FROST
TOLERANCE WATER

REGULATION

PEST & DISEASE

RESISTANCE
HABITAT

PROVISION

© ® ®® =

WIND

TOLERANCE AIR QUALITY
IMPROVEMENT

PHENOLOGICAL

PLASTICITY WELL-BEING &
AESTHETIC VALUE



Green infrastructure provides important ecosystem services

Traits Ecosystem services
- ’, Climate regulation
I e ) @ ]
! Functional traits | S _ Water regulation
: ! ) e, W
i . n - N
i Response : 5 - Y — Soil stability
| g traits i a
Structure ~ Abundance  Taxonomic  Functional ] responses) | & : M

. . . . | | [ v

diversity diversity ! ! = ) Natural hazard
! Effect : s prevention
I g traits : o
I
: (linked to ! g Soil fertility
: functions) |

________________

Fodder provision

Ecosystem
services

Soil invertebrates

Aesthetic value

Adapted from de Bello et al 2021



Urban biodiversity’s services delivery is influenced by social and ecological factors

SOCIO-ECOLOGICAL SYSTEM

ECOLOGICAL SOCIAL
COMPONENTS COMPONENTS
« Biodiversity = People

» Vegetation « Infrastructure

« Soil « Economy
* Water « Culture
e Climate = Governance

Ecosystem functions
and processes

Human activities,

Interactions .
values and decisions

and feedbacks
BENEFITS FOR PEOPLE AND NATURE

dr ™ i

Climate Biodiversity Water Well-being
regulation conservation management and quality of life

A
i
I
]

v



Urban biodiversity’s services delivery is influenced by social and ecological factors

Ecological factors Social factors

| I

N ' Functional traits |
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Urban biodiversity’s services delivery is influenced by social and ecological factors

Regional
species pool

Climate &
biotic
interactions

Wild
community

Biotic
homogenization

Cities filter out most
species, leaving only
a few adaptable ones.

;J l b
Ecosystem services in cities result from the filtering 000

of biodiversity through ecological processes and q-m
social contexts. Climate Biodiversity Water Human

regulation support regulation well-being




Urban areas as Socio-Ecological-Technological Systems

Climate, soil, biotic
interactions,
ancaasl disturbance

Feedbacks

Outcomes reshape filters
over time

Economic
Domain

SO . ’03\ . .
Income, culture, Cral - Techno\ \ Built infrastructure,
governance, ]”teracti onS |rr|_gat|o_n,
norms, history engineering



Urban biodiversity’s services delivery is influenced by social and ecological factors

Social filters # neutral - can encode historical inegualities

( DISADVANTAGED COMMUNITIES ] [ ADVANTAGED COMMUNITIES j

Lower-income Fewer trees Less cooling More heat-related Wealthier More trees & More cooling Better health
areas illness areas green space outcomes

g.- %~ - db

Wealthier areas benefit
from ecosystem services
and have the political
capital to maintain them.

® ® Dense working-class
neighbourhoods

- less green space per capita |

-> worse air quality

Historical planning decisions leave ecological legacies decades later

H — O — dal — ®ii

Planning decisions Decades pass Unequal distribution Persistent inequalities
of the past of green space in environmental quality,
and infrastructure health and well-being



Social factors

Ecological factors

N ?
( "\ i
I &3
Gl
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Structure Abundance Taxonomic Functional
diversity diversity

s

Ecosystem
services

Functional traits

@
®

What is the gap?

Need for urban studies that
integrate social and ecological
dimensions, emphasizing
their connections to different
biodiversity facets and
ecosystem services delivery

Response traits

(linked to
responses)

Effect traits

(linked to
functions)



Rationale

Conceptual framework

How are species traits, social and ecological filters, and
ecosystem services linked in urban systems?

Theoretical application of the framework rationale

How are trees’ biodiversity facets distributed across a
historical Mediterranean city?

How is tree abundance and diversity associated with
social and ecological factors?

Nature-based solutions put into practice

What factors influence microclimate at a high spatial
resolution?

biological facets

WP
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Rationale

biological facets spatial scale
Conceptual framework
. . . e (3 Y
How are species tra|_ts, soc_|a| and ecological filters, and 0% ) &
ecosystem services linked in urban systems? Ainctiond block. / Square

diversity



What are the linkages between species traits, social-ecological filters, and
ecosystem services in urban systems?

Social-Ecological Traits Framework

Urban biodiversity is not just shaped by which species are present, but by how traits
are expressed under social and ecological filtering.

The framework shows not just which filters act, but how they alter the phenotypic
expression of traits, with downstream consequences for ecosystem services and human

well-being.

Grilo F, et al. 2022. A trait-based conceptual framework to examine urban biodiversity, socio-ecological filters, and ecosystem services linkages. npj Urban Sustainability 2: 32.



What are the linkages between species traits, social-ecological filters, and
ecosystem services in urban systems?

Social-Ecological Traits Framework

" YO ] | Ecological traits Anthropogenic traits
natural human
regional scale dispersion dispersion

AN 1 Potential urban traits

! city scale

Urban system

__________________________________________________________________

Grilo F, et al. 2022. A trait-based conceptual framework to examine urban biodiversity, socio-ecological filters, and ecosystem services linkages. npj Urban Sustainability 2: 32.



What are the linkages between species traits, social-ecological filters, and
ecosystem services in urban systems?

Two types of trait combinations arrive in cities:

Ecological traits

from native species
that naturally disperse

to urban areas

e.g., opportunistic

(e.g - pp _\\L«
species)

Anthropogenic traits
from species introduced
through human-mediated
dispersion (intentionally
or unintentionally),
sourced from anywhere

[

- -

in the world



What are the linkages between species traits, social-ecological filters, and
ecosystem services in urban systems?

Social-Ecological Traits Framework

" YO ] | Ecological traits Anthropogenic traits
natural human
regional scale dispersion dispersion

traits’ phenotypic

. A ‘ . expression
| ) 1 Potential urban traits ‘
city scale , , | response |
RAOX g Social-ecological | traits
| filtering processes et
: = . ' traits
A® Filtered traits </ =

local scale

Urban system

__________________________________________________________________

Grilo F, et al. 2022. A trait-based conceptual framework to examine urban biodiversity, socio-ecological filters, and ecosystem services linkages. npj Urban Sustainability 2: 32.



What are the linkages between species traits, social-ecological filters, and
ecosystem services in urban systems?

Social-ecological filtering processes

Potentlal Jraits; . ==re=essecanssia

IO T o e s b e s

(Microclimate, Soil, Pollution)

ECOLOGICAL .
FILTERS Biotic

(Pests, Competition)

N

-~
SHCIOGUIUIRIN ~-------=---=-==-=--=s=r=cncs

(Aesthetic preferences, traditions)

SOCIAL < L R R BN
FILTERS (Management costs, municipal budgets)
Who/What decides what gets I 7 = v e reesieteniy siigumanndenaniviagie

(Planning trends, top-down policies)

planted where?  \_

PUBEREAIITAIES i it abmionio s o v s e oo
Combinations



What are the linkages between species traits, social-ecological filters, and
ecosystem services in urban systems?

Social-Ecological Traits Framework

@A Ecological traits Anthropogenic traits _
Functional approaches support the
natural human : : ST - .
regiona/ scale d/'spersjon d/'spersjon Iﬂcorporatlor] Of b|0d|VerS|ty 1N Urban
planning for ecosystem services
| 1 Potential urban traits |
ity scal :
RAOXK HeeE Social-ecological < |
| filtering processes | |
A Filtered traits - Outcomes influence the filters.
! local scale . Extacooler neighbourhood attracts
. investment, changing governance
Social-ecological outcomes —
E Ecological functions '
o .
2 Ecosystem services
c !
§ Human well-being

Grilo F, et al. 2022. A trait-based conceptual framework to examine urban biodiversity, socio-ecological filters, and ecosystem services linkages. npj Urban Sustainability 2: 32.



Rationale

Theoretical application of the framework rationale

How are trees’ biodiversity facets distributed across a
historical Mediterranean city?

biological facets

tree level

@ %)@%

laxonomiC | “Unctiond:

Fbunda™® " giversity . diversity -

spatial scale




How are the taxonomic and functional facets of trees distributed across a

historical Mediterranean city?

Biodiversity Facets

all trees identified trees  70% of identified trees
(n=+-66k) (n=+-50k, >300spp) (n=+-30k, 20spp)

i i i laxonomiC

bundanc® diversity
species richness

Shannon index

evenness

beta diversity

Civil parishes

Census tracts

- 00

Neighborhood trees

Large parks

(3
SO
Aunctiond
di\(ersiW

divergence

evenness

functional groups
(n=+-22k, 18spp)

Which traits?

« Spread & regeneration

« Tolerance to disturbances

« Ecosystem services delivery

Instituto Geografico Nacional, Esri, TomTom, Garmin, Foursquare,
GeoTechnologies, Inc, METI/NASA, USGS

Grilo F, et al. 2024. Where the not-so-wild things are in cities? The influence of social-ecological factors in urban trees at multiple scales. Science of the Total Environment 929, 172552,

Grilo F, et al. (in revisions). Urban trees through a functional traits’ lens: Exploring the interplay between tree functional groups and social-ecological factors.



How are the taxonomic and functional facets of trees distributed across a
historical Mediterranean city?

Abundance Species richness Evenness

At broader scales [ orises

Abundance and diversity unevenly distributed
Beta diversity and evenness indicate dominance of few species

g Older areas - high abundance, diversity and
species replacement

Newest areas - low diversity
\ Functional divergence Functional evenness

Different capacity to respond to changes and
provide ecosystem services

Planning and management implications

* Ecological rehabilitation - reduce heat island, promote
ecological corridors and well-being
 Urban planning history cumulative effect

Abundance Species richness Evenness Beta diversity Functional divergence Functional evenness
295,40 - 530,16 11,55 -18,71 0,01 -0,05 0,05-0,11 0,09-0,21 0,07 -0,19
[ 530,17 - 899,46 M 18,72 - 31,12 [ 0,06 - 0,10 012-021 M 022-037 [N 0,20-0,33

I 899,47 - 205047 MM 31,13-4750 M o11-019 M o22-040 M 038-031 I 034-061

Grilo F, et al. 2024. Where the not-so-wild things are in cities? The influence of social-ecological factors in urban trees at multiple scales. Science of the Total Environment 929, 172552.



How are the taxonomic and functional facets of trees distributed across a
historical Mediterranean city?

Abundance Species richness

At finer scales

M d in few block TR T AL R e
X AN i /1T P ,::m"*} NNl
ost trees concentrated In few blocks RN ”,%%33‘% N

e

High local heterogeneity

\‘ Benefits provided to a small percentage of
the population

Functional divergence Functional evenness

Important to not generalize results at larger
scales - overestimations

Planning and management implications

« Higher resolutions essential for precision
management & to identify critical areas
« Important in older cities

Abundance Species richness Evenness Beta diversity Functional divergence Functional evenness
30,6 - 1867,8 0,9 -204,1 0,28 - 19,09 0,49 - 25,39 0,9-24,0 0
I 1867,8 - 4499,8 M 2042 - 606,9 W 19,10 - 44,33 [ 2540 -52,63 [ 24,1 - 52,0 0,01 - 22,00

B 44999 - 115636 M 07,0 - 19036 N 4434 -9837 M 5264-9620 NI 52,1-961 M 22,01 - 47,01
I 47,02 - 88,03

Grilo F, et al. 2024. Where the not-so-wild things are in cities? The influence of social-ecological factors in urban trees at multiple scales. Science of the Total Environment 929, 172552.



How are the taxonomic and functional facets of trees distributed across a
historical Mediterranean city?

Species’ functional grouping considering traits related to
spread & regeneration, tolerance to disturbances, ecosystem services delivery

Robinia pseudoacacia
Grevillea robusta
Platanus sp.
Acer pseudoplatanus
Tilia sp.

_[ Populus x canadensis
Populus nigra

“—— Populus alba Temperate

Fraxinus angustifolia functional arou

Acer nequndo 9 p
AEE Prunus cerasifera

Cercis siliquastrum

— Pinus pinea Mediterranean

Olea europaea f i |
——— Celtis australis unctional group

Tropical
functional group

Grilo F, et al. (in revisions). Urban trees through a functional traits’ lens: Exploring the interplay between tree functional groups and social-ecological factors.



Potential for different levels of resilience to perturbation
and the delivery of complementary ecosystem services

Continental
Group

Scale:

~11,167 trees
(The vast majority)

Traits:

Temperate climate
preference, rapid
growth, deciduous.

High irrigation
need. Low drought
tolerance.

leaves/flowers,
deciduous

Scale: Traits:
Mediterranean Native to Portugal, Highly tolerant to
Group ~6,960 trees slow growth, long life drought and
span. wind.
Scale: Traits:
~3185 trees Exotic, large aesthetic High tolerance to

pests and shade.




How are the taxonomic and functional facets of trees distributed across a
historical Mediterranean city?

Species’ functional grouping
Unequal patterns of abundance

Temperate group abundant across the city,
mediterranean concentrated in the city center and
newest area, tropical concentrated in the city center

Different capacity to respond to changes and provide
ﬂ ecosystem services

Dominance of the temperate functional group in most blocks

Planning and management implications

« Enhance functional diversity
* Invest in trees with greater ecological resilience
to future climate scenarios

D Parishes
]:] Census tracts

(A) Temperate
functional group

o
[]1-314
B 3151534
B 15355254

(B) Mediterranean
functional group

o
[]1-314
[ 315- 1534
B 1535 - 8019

4] (C) Tropical

functional group
o

[ Ji-314
I 315 - 1534
B 1535 - 2674

(D) Dominant
functional group

I Temperate
- Mediterranean
- Tropical

Grilo F, et al. (in revisions). Urban trees through a functional traits’ lens: Exploring the interplay between tree functional groups and social-ecological factors.



Should cities prioritize native/Mediterranean
species over non-natives that can be more
resilient in future climate?



Rationale

biological facets spatial scale
Theoretical application of the framework rationale
tree level
How is tree abundance and diversity associated with <$${|] e
social and ecological factors? a@ @xonom© )%ﬁ
undanc®. diversity diversity



How is tree abundance and diversity associated with social and
ecological factors?

Biodiversity Facets

all trees identified trees 70% of identified trees
o @ &
% o laxonomic Aunctiond\
f’”da“c' diversity diversity
g Which traits?

 Spread & regeneration
 Tolerance to disturbances
* Ecosystem services delivery

Social-Ecological Factors

8.0

b - g
1) I e e
climate CE e |
hydrology €cologice socia) city elements
, ' : development history
lithology _ . . e
pollution socio-demographic characteristics
land use

Civil parishes

Census tracts

- 00

Neighborhood trees

Large parks

Instituto Geografico Nacional, Esri, TomTom, Garmin, Foursquare,
GeoTechnologies, Inc, METI/NASA, USGS

Grilo F, et al. 2024. Where the not-so-wild things are in cities? The influence of social-ecological factors in urban trees at multiple scales. Science of the Total Environment 929, 172552,
Grilo F, et al. (in revisions). Urban trees through a functional traits’ lens: Exploring the interplay between tree functional groups and social-ecological factors.



How is tree abundance and diversity associated with social and
ecological factors?

Strong associations between social factors and all biological indices and spatial scales

\-) Higher abundance and diversity in more urbanized areas

Ecological factors showed weaker relationships with urban trees, except for tree abundance

@l
= Indices Variable Indgpendent Trend Adj. Bl Indices Variable Indgpendent Trend Adj.
type variables RZ type variables R2
@ Abundance Ecological Clay soil type* U 058 Abundance FEcological LST*** Nn 035
SO NO*** - Social Public elements™*  +
= Social Buildings” area™* + Roads™*** N
Sp. richness Social Buildings*** + 0.80 Sp. richness Social Public elements***  +  0.25
Cﬂ;{ﬂ Public elements***  + Roads*** N
’Z@ Shannon Social Buildings*** + 0.78 Shannon Social Public elements™** + 043
index index Roads*** N
Evenness Social Families 1-2 n 045 Evenness Social Buildings’ area *** Nn 058
elements*** Roads*** -
@%}4‘4} F. divergence Social Buildings<1945***  + (.74 F. divergence Social Roads*** + 071
Z@ F. evenness Social Buildings™** + 0.74 F. evenness Social Roads*** + 062

*p < 0.05; % p < 0.01; ¥*p < 0.001

Grilo F, et al. 2024. Where the not-so-wild things are in cities? The influence of social-ecological factors in urban trees at multiple scales. Science of the Total Environment 929, 172552.



How is tree abundance and diversity associated with social and
ecological factors?

Social factors associated with all groups, ecological with Mediterranean and Tropical groups

\.) Top-down social filters for traits related with i. acquisitive strategies near roads,
ii. sense of place in everyday locations, iii. aesthetic experiences in walkable areas

)
block : ; - i
“gtiore veretle Independent variables Trend Adg. Temperate Mediterranean
groups type R

Social Roads***
Temperate KKk

Public elements

Commercial/services-related

_l_

_l_

? ; social amenities™** *
Mediterranean Ecological Land surface temperature (LST)*** n 030
N

Urbanization index (UI)***
Normalized difference vegetation

% . Ecological ;. 4ax (NDVIy** - -
Tropical Land surface temperature (LST)*** n 021
Social Walking potential*** +
5% b < 0,001

Grilo F, et al. (in revisions). Urban trees through a functional traits’ lens: Exploring the interplay between tree functional groups and social-ecological factors.



How is tree abundance and diversity associated with social and
ecological factors?

Social factors associated with all groups, ecological with Mediterranean and Tropical groups

| Mediterranean Ecological Land surface temperature (LST)*** N

Urbanization index (UI)*** N
_ Normalized difference vegetation e
,}% Ecological 4oy (NDVI)*** : g
Tropical Land surface temperature (LST)*** N
Social Walking potential*** +
p < 0.001

Grilo F, et al. 2024. Where the not-so-wild things are in cities? The influence of social-ecological factors in urban trees at multiple scales. Science of the Total Environment 929, 172552,
Grilo F, et al. (in revisions). Urban trees through a functional traits’ lens: Exploring the interplay between tree functional groups and social-ecological factors.



Rationale

biological facets spatial scale

Nature-based solutions put into practice green space level  tree level

What factors influence microclimate at a high spatial M @ &S

resolution? =
Structure “bundanc®/



What factors influence microclimate at a high spatial
resolution?

Microclimate varies locally in
squares and adjacent green spaces

A3°C  A8%

Summer

0 200 Km

©
O .

t o
Atlantic

ocean 0 50 m 0 50 m
Ll [l
Temperature (°C) [ ]23-233 Relative humidity (%)
0 o ) B 21 s 221 [ 23.3-236 Mlss-ss [ |so-60
I Portugal O Sensors | parkA [__] square A E Park B |:| Square B 22.1-224 - 230289 - 3657 I:‘ 60-61
[ Metropolitan area of Lisbon 24-227 B 239-242 [ 57-58 B 61 -62
Bl Aimada [ J227-23 B 2:2-245 [ 1s8-59 [l 62-63

Grilo F, et al. 2020. Using green to cool the grey: Modelling the cooling effect of green spaces with a high spatial resolution. Science of the Total Environment 1: 138182.



What factors influence microclimate at a high spatial
resolution?

Trees have a stronger effect on microclimate
amelioration than herbaceous vegetation

Land-cover type
Green: trees Cl Grey

I:] Green: not trees

150m
200m

120m 240m

Grilo F, et al. 2020. Using green to cool the grey:
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What factors influence microclimate at a high spatial
resolution?

Green space structure, tree abundance, urban matrix and
urban geometry highly influence microclimate

Summer Temperature Summer Relative Humidity Winter Relative Humidity
G G
oM + 11 o4t HHE HHE+~2
Tree canopy PSR Tree canopy  Urban matrix Urban matrix
60m*** (+) 60mM*** (+) i 0] i Sm*** (-)  December** (-)
:'s”'%/”/ \
Predicted (°C) o Predicted (%) Predicted (%) =~ -~
e 23.8 B -'629 -818 -
-, M 6.9 it » fa— 70 éﬁfr-n; ‘
[rarka [ squarea [___| Park *p < 0.05 *p <0.01; **p < 0.001

Grilo F, et al. 2020. Using green to cool the grey: Modelling the cooling effect of green spaces with a high spatial resolution. Science of the Total Environment 1: 138182.



General conclusions

Potential green
infrastructure

Filtering
processes

' Filtered green
infrastructure

G Ei
parien  block #Square
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facets srucure/ abungan® ) gierey dv‘ify

Ecosystem
services

Lessons learnt for scaling up the rationale of the Social-Ecological Traits Framework

(
Pools of ecological and anthropogenic species and
traits

Relevance of social filters
Needed ecological conditions provided by humans

future conditions in view of sustainable
_Management

(Species abundant in cities might not be adapted to b

(Opportunities to enhance and balance biodiversity
facets across spatial scales
. High resolutions allow targeted precision strategies

J
() : . )
Highly precise, structure- and trait-based
management approaches are crucial for achieving
_targeted ecosystem functions )




Feedback loops are central to socio-ecological systems.

Do you recall one positive or negative feedback loop involving
urban trees and human behavior?



General recommendations for the planning and management of
urban green infrastructure

0 Consider different biodiversity facets and plan at different spatial scales

City-level strategies miss local heterogeneity.
Street-level models are needed.
Different factors matter at parish vs. local scales.




General recommendations for the planning and management of
urban green infrastructure

e Prioritize SOCial preferences and needs while accounting for possible trade-offs




General recommendations for the planning and management of
urban green infrastructure

e Use trait-based approaches to promote multifunctionality and functional
diversity, prioritizing traits that provide resilience to future conditions

R e ea

7 \
Ill |



General recommendations for the planning and management of
urban green infrastructure

0 Monitor the effective delivery of €COSYyStem services

Governance needs to monitor outcomes and adapt, not plant and forget.

@ — |stil




General recommendations for the planning and management of
urban green infrastructure

e Prioritize equity in green space distribution




General recommendations for the planning and management of
urban green infrastructure

G When possible, use high-resolution spatial data




Cities are what we make them

Thank you!
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