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Questoes a abordar

1) Alteracdes climaticas globais e urbanas: ondas de calor e ilhas de calor urbano
2) Adaptar a infraestrutura verde urbana de forma a que se atenuem os efeitos de
onda de calor e se aumente o sequestro de carbono, promovendo a criacao de
prados de sequeiro biodiversos e aumento da cobertura arborea;

3) Promover a sustentabilidade da infraestrutura verde urbana através de reducao
de custo, implementando solucdes de base natural

4) Solucoes de Base Natural e solucdes artificiais: desafios para o futuro



Questoes a abordar

1) Alteracdes climaticas globais e urbanas: ondas de calor e ilhas de calor urbano



How close are we to 1.5°C?

Summary- Human-induced warming has already reached about 1°C above pre-indusirial levels at the time of writing of this Special Report. By the decade 2006—2015,

human activity had warmed the world by 0.87°C (20.12°C) compared to pre-industrial times (1850—1900). If the current warming rate continues, the world would

reach human-induced global warming of 1.5°C around 2040.
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The main problem driving “heat islands” — urban areas that experience higher
temperatures than neighboring areas — is tall buildings. Other factors include poor
urban geometry, density, and building construction “and color materials”.
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* |lha de calor urbana (UHI) :

“Ilha” formada pelo ar mais quente
da atmosfera urbana (superior e
inferior), rodeada por ar “rural”
mais fresco. Termo também usado
para a temperatura de superficie.

* Intensidade dailha de calor (ATu-r):

a maxima diferenca entre o valor
mais elevado da temperatura na
cidade e a temperatura dos
arredores rurais (Oke, 1987).
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Temperature

As Ilhas de calor urbano Excessivo aguecimento:
efeito regional + efeito local

—  Surface Temperature (Day)
====  Air Temperature [Day)
— Surface Temperature (Might)
==== Air Ternperature [Night)

P A "l w Sunset Su?rise
W ! L L‘- = ¢ '
f \ =
A { ¥ J\\rln,l ILlﬁl, \V |'| \ |"|I < (a)
|IIII\]J|I|| J VW kﬂ JLI n,Jr H an. . ;\I >
JI q | v o
=
! i
: =
. 7 | 2o¢
=
2 ~T T~ |
2E A 4
B2 (b) AT, = CLUHI* |
— :
= - / \
= — — e gt el e
¢ O Oefle ot Poote af 12 18 24 06 12
Rural Suburban Pond Warehouse Urban Downtown  Urban  Park Suburban Rural TIME (h)

or Industrial  Residential Residential

http://www.epa.gov/heatisld/about/index.htm



Urban geometry and density and

UHI Intensity

Oke et al (2017)
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Annual Reviews
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Recent advances in urban climate and applications
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Assessing urban heat island effects through local weather types in
Lisbon's Metropolitan Area using big data from the
Copernicus service
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Intensidade da Ilha de Calor (aT,,)
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Anomalia entre as estagdes dos Restauradores e Saldanha e o Aeroporto de Lishoa,

Fig. 5 — Daytime (10:00-18:00h) and night-time (20:00-6:00h) box-plots of the registadas pela rede de observagado do IGOT (2004-2014)
urban heat 1sland intensity (UHIT).
Fig. 5 — Blox plots da infensidade da ilha de calor diurna (10-18h) e nocturna (20-6h).

Data source: CLMA-CEG-ULisboa
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LISBON HEAT ISLAND
STATISTICAL STUDY (2004-2012%
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Fig. 7 — Lisbon’s mean UHII versus time of the day for the 12 months of the year (2004-2012).
(See coloured version online)
Fig. 7 — Intensidade média mensal e horaria da ilha de calor em Lishoa (2004-2012).
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An urban climate-based empirical model to predict present and future
patterns of the Urban Thermal Signal
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Fig. 1. UTS daily cycle in Lisbon, adapted from (Oliveira et al., 2021): line plot displays the median, the 90th and the 10th percentiles of the hourly UTS intensity (UTS50p, UTS90p and
UTS10p, respectively) at the Lisbon's city centre (Restauradores), together with the corresponding heatmap, per year; bellow, the schematic diagram depicts the corresponding UTS
daily cycle stages. In this study, two stages are considered: the daily median nocturnal UTS intensity, from 11 p.m. to 6 a.m. (Stage 1); and (iii) the daily late afternoon maximum UTS
intensity, from 6 p.m. to 8 p.m. (Stage 5).



Recent advances in urban climate and applications (and there is more to come)

Weather and Climate Extremes

Volume 36, June 2022, 100455
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Excess Heat Factor climatology, trends, and
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ASSOCIACAO CLIMA/SAUDE

Mortality in Portugal and Excess Heat Factor, August 2018
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Questoes a abordar

2) Adaptar a infraestrutura verde urbana de forma a que se atenuem os efeitos de
onda de calor e se aumente o sequestro de carbono, promovendo a criacao de
prados de sequeiro bio diversos e aumento da cobertura arbodrea;

3) Promover a sustentabilidade da infraestrutura verde urbana através de reducao
de custo, implementando solucdes de base natural
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Global change biology

The scaling of green space
coverage in European cities

Richard A. Fuller'* and Kevin J. Gaston?

YThe Ecology Centre, The University of Queenstand, St Lucia,
Oueensland 4072, Australia

“Biodiversity and Macroecology Group, Deparunent of Animal and
Plant Sciences, Untversity of Sheffield, Sheffield S10 2TN, UK
*Author for corvespondence (r.a. fullevi@dunelm. ovg. uk).
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Figure 2. Relationships between city area and (2) human
population size (standardized major axis regression:
r*=0.760, p<0.001) and (&) green space area (r~=0.802,
p<0.001).

Green space i European cities R. A. Fuller & K. J. Gaston 353
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Figure 1. Urban green space coverage in Europe. Points representing cities are coloured according to proportional coverage
by urban green space within the city. Country polygons are coloured according to per capita green space provision for its
urban inhabitants. Data unavailable for countries shaded grey.



Figure 2. Percentage of total green infrastructure, urban green space, and

urban tree cover in the area of EEA-38 capital cities (excluding Liechtenstein)

‘Urban green space ™

Chart — Percentage of total green infrastructure, urban green space, and urban tree cover in the area of EEA-28 capital cities (
excluding Liechtenstein)
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Note:

The chart depicts the percentage of total green infrastructure, green urban areas and ee cover of 37 capitals (EEA-38, excluding Liechtenstein) as a percentage of their respective surface area. Furthermore, it shows the averages for all cities

https://www.eea.europa.eu/publications/who-benefits-from-nature-in



PROFPOSTA DE METODOLOGIA PARA A QUANTIFICAGAO DA COBERTURA
ARBOREA NA CIDADE DE LISBOA A PARTIR DE IMAGEM DE ALTA
RESOLUGAQ

Flavio Henrigue Mendes®, Deméstenss Ferreira da Silva Filho?, Antdnio Manuel
Saraiva Lopes®

“estimou-se em 16,8% de cobertura arbdrea
para a cidade, equivalente a 25,7 m? hab™.
Benfica era a freguesia mais arborizada
(49,8%), seguida de Alcantara (45,4%) e Ajuda
(29,5%), enquanto que as Santa Maria Maior
(7,0%), Parque das Nacgdes (7,2%) e Santa
Clara (7,8%) eram as menos arborizadas....

0 que estd de acordo com estudos anteriores
de Soares & Castel-Branco (2007) e Fuller &
Gaston (2009)”

ENCICLOPEDIA BIOSFERA, Centro Cientifico Conhecer - Goiania, v.11 n.21; p.3254 2015
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A importancia da presenca de

vegetacdo em areas urbanas

e a relacdao com a mortalidade

NDVI

Normalized Difference Vegetation Index

Quanto maior o valor, mais biomassa

verde existe.

Canario, P. 2015 (inédito)
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Evaluating the Cooling Potential of Urban Green Spaces I
to Tackle Urban Climate Change in Lisbon LISboa
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Fiff Between each value measuns] and

It was found that an area of 50 m? covered by vegetation can cool the air by 1 °C. So, this area

can be considered the minimal size of a green space in order for it to make a significant contribution
to the improvement of urban microclimate. In fact, the improvement of urban climate is one of the



Comportamento térmico dos jardins (llhas de frescura)
Gulbenkian e Fernando Pessa
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Questoes a abordar

4) Solucdes de Base Natural e outras solucdes artificiais: desafios para o futuro
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Mapas climaticos
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Mesoclimate
Factors

Urban
Morphology

Energy Fluxes

Modelling & Validation

Intensidade da ICU
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Urban Heat Island mesoscale maps: Predicting UHI spatial patterns | Present x Future built-up City

Urban Heat island Intensity (aT,.)
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Cllmatopes

Ventilation classes

Rearranging Climatopes:
Urban density classes, north and
south to the aerodynamic limit |

v

CLIMATOPES [ Climatic guidelines

Built areas| urban densities |Green areas (trees +
grass and others) | bottom valleys | waterfront

Aerodynamic
limit

Limite asrodindmico

CCUAGED cominants & Cersidade urbana
-unidades morfocliméticas arz fins climéticos
Elevada o]
A Metle do bmils Media -
Areas E Ealxa B
Consiritas Elvada -
AEul do limite dedia =
agrocd ndmicn Hama
Espagrs kmﬁra.dm Baixa [
ordea | Wen semustiva, Haiva .
ekt o cullur sy =
Ol as araas Eaita
Funda da Vak Vangusl ]
Frante Rlainnha. Wananel
0 2km
N

Green areas (T + G + O) | Ventilation
Paths | Waterfront

11 climatopes | 8 areas with climatic guidelines
More than 30 measures




Wind patterns and natu

monitoring

ral ventilation

The area of free ventilation is very
important to remove pollutants and
improve thermal comfort.

“free” area for wind
penetration is decreasing _‘

Increasing urban density

Aerodynamic limit (roughness length = 0.7 m)




New Guidelines for Urban
Planning 2020 proposal
considering urban climate

9 Climatopes | 9 areas with climatic guidelines
not necessarily the same | about 34 measures

3 examples

Densidada Urbana

Eloveda Méda Baba

-! Setor merdional

Selor setenlional
Eapapca vordes

Valea

Frente ribeirinha

Cored s vankil

i Limile aerodindmico

Far HERP Germin, |6l QiienSvaetliap coniributors: and e 815 user 52

mirir

iy

__________________________________________________

»  To maintain N/S Ventilation Paths (VP)
»  To maintain small VP interconnections
» Toreduce Z0 (roughness length) < 0.7 m

»  To maintain the disengagement of VP

To prevent high density (H/W <1) in dense built
areas.

To prevent long alignments of buildings
perpendicular to the predominant wind (N), in
new neibourghoods.

New materials with appropriate thermal
conductivity and high albedo.

Green and white roofs, white previous surfaces,
etc.

To increase spaces that contributes to human
bioclimatic conditions

Cooling urban spaces (shading and
evapotranspiration)

To promote biodiversity

To promote connections between green spaces
and ventilation paths.



Conclusdes
Lisboa é uma das cidades europeias mais expostas ao calor extremo

A combinacao do efeito de aquecimento no mediterraneo com o fendmeno Ilha de Calor pode ser
“explosivo” para a populacdao mais idosa e vulneravel

Os espacos verdes e a renaturalizacdo sao a melhor estratégia para enfrentar o calor extremo

..............................................................................................

Desafios

{ Que espacos verdes podemos ainda criar?
| Que espécies utilizar?

{ Onde?

Incentivos?

| Como fazer a gestdo / manutencdo desses espacos localmente?
Como envolver as pessoas?

i Devolver o espago publico as pessoas

Pensar noutras estratégias, como a utilizacao de materiais
menos absorsores de energia térmica e pequenas planos de
agua.




