
Urban Green Infrastructure

AUT0225 – Conforto Ambiental em Espaços Urbanos Abertos

Prof. Dra. Denise Duarte, Prof. Dr. Leonardo Monteiro, Prof. Dra. Ranny Michalski



Average image of diurnal surface temperature 

AQUA MODIS

Imagem média da temperatura de superfície composta por imagens

médias de 8 dias tomadas as 13h30. Novembro de 2013 a

Fevereiro de 2015 (total 61 imagens). Resolução espacial: 1km

Average image of nocturnal surface temperature 

AQUA MODIS

Imagem média da temperatura de superfície composta por imagens 

médias de 8 dias tomadas a 1h30. Novembro de 2013 a Fevereiro de 2015 

(total 61 imagens). Resolução espacial: 1km

Contrasts day x night



Average image of diurnal surface temperature. AQUA MODIS over Google Earth

Zona Leste de São Paulo. Vila Curuçá

Padrão horizontal com pouca vegetação 

Surface Temperature x Land Use



2002 2017

Change detection 2002-2017



Satellite thermal images from 2002 to 2017 (Modis), vegetation indices 

(NVDI/EVI) and mapping techniques (LCZ/WUDAPT), exploring daytime 

and nighttime effects and relating this results to the urban morphology and 

vegetation, feeding other ongoing investigations in the group.

   

Figure 1. Daytime LST for 2016 Figure 2. Nighttime LST for 2016 Figure 3. NDVI for 2016 

 



Urban density and microclimate amenities



Urban density and microclimate amenities
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Environmental off-set / environmental compensation

LOADING
PLEASE WAIT...



Environmental off-set in São 

Paulo adopting green walls

(not in force anymore)

“Art. 1º A Secretaria Municipal 

do Verde e do Meio Ambiente 

– SVMA poderá celebrar 

termo de cooperação com a 

iniciativa privada que tenha 

por objeto a execução e 

manutenção, ou a manutenção, 

de jardins verticais.”





https://www.pressreader.com/brazil/folha-de-spaulo/20181022/281535111970541
https://www.pressreader.com/brazil/folha-de-spaulo/20181022/281535111970541
https://noticias.r7.com/sao-paulo/muro-verde-da-avenida-23-de-maio-apresenta-falhas-na-manutencao-02102018-1
https://noticias.r7.com/sao-paulo/muro-verde-da-avenida-23-de-maio-apresenta-falhas-na-manutencao-02102018-1


Environmental off-set in different cities of the world



Authorized vegetation clearance for urban development Example of compensatory planting
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Green indicators in different cities of the world



LAI adopted as the parameter for GPR – Green Plot Ratio 

(Singapore)

 LAI has practical applications in planning, e.g. 
in the concept of Green Plot Ratio – GPR; 

 GPR combines LAI with building plot ratio –
BPR (or FAR – Floor area ratio;

 For grass, LAI=1 and the correspondent GPR 
is 1:1; for shrubs, GPR=3.1, for trees GPR =5:1

 GPR is equivalent to the ratio between the total 
area of leaves and the floor area

 GPR is more effective than vegetation cover, 
because it is directly related to the leaves that 
process photosynthesis (Ong, 2002). 

Distribuição da vegetação mantendo-se a mesma 

densidade foliar

Fonte: ONG (2002).

http://3.bp.blogspot.com/_Ymx9e66vrGc/SUdCbeoU7BI/AAAAAAAAGwM/CYjGvBnIMw0/s1600-h/2008-12-13__env02.jpg
http://3.bp.blogspot.com/_Ymx9e66vrGc/SUdCbeoU7BI/AAAAAAAAGwM/CYjGvBnIMw0/s1600-h/2008-12-13__env02.jpg
http://3.bp.blogspot.com/_Ymx9e66vrGc/SUdCbeoU7BI/AAAAAAAAGwM/CYjGvBnIMw0/s1600-h/2008-12-13__env02.jpg
http://3.bp.blogspot.com/_Ymx9e66vrGc/SUdCbeoU7BI/AAAAAAAAGwM/CYjGvBnIMw0/s1600-h/2008-12-13__env02.jpg


Public Policies / adoption of GPR – Green Plot Ratio

Newton Suites= 

Fonte: WOHA. Disponível em: < www.woha-architects.com/.

Hotel ParkRoyal | Fonte: Blogs Design 
You Trust e Wall Street Jornal 



Biotope Area Factor – BAF / Berlin and other German cities



Public Policies 
Seattle Green Factor (SGF)

Mandatory since 2006 to all uses, 

except single-family buildings 

Similar to the Biotope Area Factor 

(BAF), the Seattle Green Factor (SGF) 

adopted different weighting factors 

according to the subtract 

characteristics, the existence of green 

cover and permeability of external 

pavements. But it goes beyond the 

BAF introducing other aspects related 

to the canopy spread and to the 

existence of biorretention systems that 

increase the infiltration capacity of 

stormwater.



Public Policies
Sacramento Shade



Public Policies 
Sacramento Shade
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Sacramento Shade



Public Policies 
Sacramento Shade



Public Policies 
Mendoza, Argentina
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Mendoza, Argentina



Public Policies 
Mendoza, Argentina



FINAL CONSIDERATIONS

Urban density can be compatible with microclimate amenities; green infrastructure is 

part of the strategy.

Adopt not only historical climate data, but recent past and future climate predictions.

Adaptation to urban climate is an urgency to be addressed; mitigation only will not be 

sufficient. 

Go further in predictive studies that can contribute to the results’ assimilation in public 

policies, resulting in socio environmental benefits for people.

Urban strategic plans can incorporate climate risks and vulnerabilities, and evaluations 

have to be available for this kind of plans.

There is a lack of proposals for a network of climate amenity spaces spread all over 

the city, mainly in public spaces, as well as for building adaptation to climate change, 

alternatively to the air conditioning dependency.
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