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an urbanized world



better cities for people



societal challenges in cities
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decrease air pollution and urban heat island effect

aiming at SDG 11 targets

affects people’s decisions
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urban heat island effect

urban heat-island effect
higher temperature in city center
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objectives

• how do green areas control local microclimate?
• are green areas cooler and moisture than nearby built-up areas?
• can we model that effect to create more liveable cities?



L
a
n

d
 S

u
rf

a
c
e

 T
e

m
p

e
ra

tu
re

 (
ºC

)

Land-cover classes (urban atlas)

Land Surface Temperature for  

2017-07-01, 11:14

green areas promote microclimate regulation
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forest as provider of climate regulation

Relative Humidity (%)

summer                             winter

Temperature (⁰C)

summer                             winter

~ 9% diference ~ 4% diference ~ 4⁰C diference ~ 1⁰C diference
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functional diversity: from drivers to effects

Joana Vieira (2014-2015, Master) Ecosystem Services in urban areas: evaluating the role of green spaces to improve air quality using ecological indicators.

Faculdade de Ciências da Universidade de Lisboa. Supervisors: Branquinho C, Pinho P.

 Lisbon metropolitan 

area: 

~3 000 000 inhabitants 

(~500 000 in the city of 

Lisbon)

 random stratified 

sampling for location and 

size (n=60 urban parks) 

 lichens as bioindicators 

of air pollution (PM10 

particles)
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mesotrophicoligotrophic

b a s e d  o n  a  p r i o r y  e x p e r t - k n o wl e d g e  c l a s s i f i c a t i o n

nytrophylous

more tolerantless tolerant

functional diversity: from drivers to effects

Lichens as 
bioindicators 
of air quality

Joana Vieira (2014-2015, Master) Ecosystem Services in urban areas: evaluating the role of green spaces to improve air quality using ecological indicators.

Faculdade de Ciências da Universidade de Lisboa. Supervisors: Branquinho C, Pinho P.



green areas promote air quality

Joana Vieira (2014-2015, Master) Ecosystem Services in urban areas: evaluating the role of green spaces to improve air quality using ecological indicators.

Faculdade de Ciências da Universidade de Lisboa. Supervisors: Branquinho C, Pinho P.
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+1.7%+1.0% +2.3%

+14.1%+1.6% +5.1%

+3.9%+1.3% +2.6%

Icons from the Noun project: Alwx, Camilla Anderson,  Ahmed Elzahra, James Keuning, Kamaksh Gangani

high background
pollution

medium background 
pollution

low background
pollution

0.1 ha 0.03 ha5 ha Large green areas Small  green areasMedium green areas

green areas promote air quality

Joana Vieira (2014-2015, Master) Ecosystem Services in urban areas: evaluating the role of green spaces to improve air quality using ecological indicators.

Faculdade de Ciências da Universidade de Lisboa. Supervisors: Branquinho C, Pinho P.
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 Almada municipality: 170 000 

habitants living in 70 km2

 urban forest: 13% of 

municipality area surrounded by 

low and high density urban areas, 

agriculture and semi-natural areas

 random stratified sampling for 

location and size (n=46 urban 

forest fragments)

Mata dos Medos

the use of functional diversity in large urban areas



 total of 136 species of 

lichens, butterflies, birds and 

mammals and 18 orders of 

other-invertebrates

Henry Mühlpfordt

lichens butterflies

other-invertebrates birds mammals

Sandy Rae

mammalsother-invertebrates birds

65 species 20 species

18 orders 47 species 4 species

the use of functional diversity in large urban areas

Pinho P, Correia O, Lecoq M, Munzi S, Vasconcelos S, Gonçalves P, Rebelo R, Antunes C, Silva P, Freitas C, Lopes N, Santos-Reis M, Branquinho C. 2016. Evaluating

green infrastructure in urban environments using a multi-taxa and functional diversity approach. Environmental Research. 147: 601–610 link.

http://dx.doi.org/10.1016/j.envres.2015.12.025


<12cm length

insectivorous

feeds on tree

feeds on air

feeds on ground

resident

nest on branches

12-17 cm length

granivores 

forest area
urban area

potential solar radiation

forest perimeter

distance to coast

 medium size granivores that 

nest on branches associated to 

more urbanized areas

 small size insectivorous birds 

associated to more forested areas

Henry Mühlpfordt

the use of functional diversity in large urban areas

Pinho P, Correia O, Lecoq M, Munzi S, Vasconcelos S, Gonçalves P, Rebelo R, Antunes C, Silva P, Freitas C, Lopes N, Santos-Reis M, Branquinho C. 2016. Evaluating

green infrastructure in urban environments using a multi-taxa and functional diversity approach. Environmental Research. 147: 601–610 link.

http://dx.doi.org/10.1016/j.envres.2015.12.025


xerophytic

oligotrophic

nitrophytic
hygrophytichigh urban density

high NDVI

area of forest

contiguity

perimeter/area

artificial area

potential solar radiation

 nitrophytic and xerophytic 

species associated to more 

urbanized areas

 oligotrophic and hygrophytic

species more associated to less 

urbanized areas

Pinho P, Correia O, Lecoq M, Munzi S, Vasconcelos S, Gonçalves P, Rebelo R, Antunes C, Silva P, Freitas C, Lopes N, Santos-Reis M, Branquinho C. 2016. Evaluating

green infrastructure in urban environments using a multi-taxa and functional diversity approach. Environmental Research. 147: 601–610 link.

the use of functional diversity in large urban areas

http://dx.doi.org/10.1016/j.envres.2015.12.025


 index of urban diversity can be 

interpolated and mapped for all 

municipality

 it highlights the area with more 

a biodiversity more close to the 

“forest” type, and the gaps 

between those forests

 it provides a view on how to 

make green infrastructure more 

functional

Pinho P, Correia O, Lecoq M, Munzi S, Vasconcelos S, Gonçalves P, Rebelo R, Antunes C, Silva P, Freitas C, Lopes N, Santos-Reis M, Branquinho C. 2016. Evaluating

green infrastructure in urban environments using a multi-taxa and functional diversity approach. Environmental Research. 147: 601–610 link.

the use of functional diversity in large urban areas

http://dx.doi.org/10.1016/j.envres.2015.12.025
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trade-offs in ecosystem services

 Almada urban park

 considered the ‘heart’ of the city

 60 ha

includes lawns, grasslands with 

varied tree density, mixed forest, 

rest areas, paths and lakes



trade-offs in ecosystem services

lichen functional group

bird functional group

vegetation functional group

lichen species richness

Mexia T, Vieira J, Príncipe A, Anjos A, Silva P, Lopes N, Freitas C, Santos -Reis M, Correia O, Branquinho C, Pinho P. 2018. Ecosystem services in urban parks under
magnifying lens. Environmental Research 160: 469–478 link
Vieira J, Matos P, Mexia T, Silva P, Lopes N, Freitas C, Correia O, Santos-Reis M, Branquinho C, Pinho P. 2018. Green spaces are not all the same for the provision
of ecosystem services: the case of air purification and climate regulation. Environmental Research 160: 306-313 link

tree size

http://dx.doi.org/10.1016/j.envres.2017.10.023
https://doi.org/10.1016/j.envres.2017.10.006


vegetation structure and management matters to the provision of ecosystem services in urban green areas
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 air purification and microclimate regulation

 management intensity vegetation structure complexity

Mexia T, Vieira J, Príncipe A, Anjos A, Silva P, Lopes N, Freitas C, Santos -Reis M, Correia O, Branquinho C, Pinho P. 2018. Ecosystem services in urban parks under
magnifying lens. Environmental Research 160: 469–478. (http://dx.doi.org/10.1016/j.envres.2017.10.023)
Vieira J, Matos P, Mexia T, Silva P, Lopes N, Freitas C, Correia O, Santos-Reis M, Branquinho C, Pinho P. 2018. Green spaces are not all the same for the provision
of ecosystem services: the case of air purification and climate regulation. Environmental Research 160: 306-313. (https://doi.org/10.1016/j.envres.2017.10.006)

trade-offs in ecosystem services

http://dx.doi.org/10.1016/j.envres.2017.10.023
https://doi.org/10.1016/j.envres.2017.10.006


Kremen, C. (2005). Managing ecosystem services: what do we need to know about their ecology?. Ecology letters, 8(5), 468-479..
(https://doi.org/10.1046/j.1523-1739.1994.08010027.x)

To conclude

“… Previous work maps the supply and demand for 
services, assesses threats to them, and estimates 
economic values, but does not measure the underlying 
role of biodiversity in providing services. In contrast, 
experimental studies of biodiversity–function examine 
communities whose structures often differ markedly from 
those providing services in real landscapes. A bridge is 
needed between these two approaches…”

https://doi.org/10.1046/j.1523-1739.1994.08010027.x
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