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Urban Energy Balance

› Q*: Net all-wave radiation balance

› QF : Anthropogenic heat flux

› QH : Turbulent sensible heat flux 

› QE : Turbulent latent heat flux 

› ∆QS : Net change in heat storage 

› ∆QA = Qin - Qout: Advective heat flux 
(Oke et al. 2017)  

𝑄∗+ 𝑄𝐹= 𝑄𝐻 + 𝑄𝐸 + ∆𝑄𝑆 + ∆𝑄𝐴













Antwerp: Old railway yard becomes a park for 
the 21st century

Delft: Sand Engine

Jinhua City: Yanweizhou Wetland Park - A resilient 
landscape

Milan: vertical garden

Porto: Porto’s Urban Rooftop Garden



Why URBANFLUXES? 

› Urban planners and Earth System scientists          

need spatially disaggregated information on 

urban heat. 

› Not possible to derive it by in-situ flux 

measurements.

› Major challenge: innovative exploitation of 

Copernicus Sentinels synergistic observations

to estimate UEB spatiotemporal patterns.



In-situ Observations

1 km



Surface Structure and Morphology
› Relevant parameters: SVF, λP, λf, zd &z0:

Building Height (m)

Tree Height

0.0
1.0

SFV



Surface Fabric 

(Kotthaus et al. 2014)  

› Spectral Libraries (SLUM)



Surface Fabric 

(Lantzanakis et al. 2018)



Surface Temperature 



Surface Temperature 
London, 19 July 2016, 22:05

MODIS LST at 1 km x 1 km  

London, 19 July 2016, 22:05 

Downscaled LST at 100 m x 100 m  

(Mitraka et al. 2015)



Satellite albedo

K coefficient

Satellite radiance

DART albedo1 m x 1 m

DART radiance

Satellite                 
spatial resolution

Net Radiation (Q*) 

DART



▪ ESTM:

✓ Incorporates heat transfer through 
the different elements.

✓Estimated ∆QS represents unit plan area.

(Offerle et al., 2005)

Heat Storage Change (ΔQs) 
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Heat Storage Change (ΔQs) 



Turbulent Heat Fluxes (QH  , QE) 



QF Results
(June 24, 2016 at 11:05 UTC)





Exploitation of URBANFLUXES outcomes in analysing observations from  forthcoming 

satellite missions, including future hyper-spectral missions and High Altitude Pseudo-

Satellites (HAPS), for monitoring urban energy solutions, having the potential to:

▪ lead to new services, such as the evaluation of NBS implementation;

▪ support the climate change mitigation planning at Municipality level; 

▪ support the resilient cities concept;

▪ support sustainable planning strategies to improve the quality of life in cities.

Long-term Vision



(Esch et al. 2017)



▪ CURE will provide the means to cope with the EO data under-exploitation in the domain 

of sustainable urban planning, towards developing new services, based on our projects 

URBANFLUXES, UrbanTEP, SEN4RUS, DECUMANUS, GEOURBAN, BRIDGE, etc. and

combining products of different Copernicus Core Services (CLMS, CAMS, C3S and CEMS). 

▪ CURE will introduce novel ideas on how applications for urban planning, urban climate, 

urban air quality and health will be developed across Copernicus Core Services. 

CURE: Copernicus for Urban Resilience in Europe
LC
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Thank you!
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