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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 Urban Energy Budget (UEB) spatiotemporal patterns.



Urban Energy Budget (UEB) 
𝑄𝑄∗+ 𝑄𝑄𝐹𝐹= 𝑄𝑄𝐻𝐻 + 𝑄𝑄𝐸𝐸 + ∆𝑄𝑄𝑆𝑆 + ∆𝑄𝑄𝐴𝐴 + 𝑆𝑆
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 

S: All other sources and sinks



Basel, Switzerland

Heraklion, Greece

Case Studies

London, UK



In-situ 
Flux towers, Meteorological Sensors Networks



In-situ Observations
› Flux measurements

– Eddy Covariance flux towers
– Large-aperture scintillometers

1 km



Z = 27 m,  ZH = 11 m Z  ~  2.5 x ZH

Sonic Anemometer
• Wind speed 3D
• Temperature

Gas Analyzer
• CO2 density
• H2O density

External sensors
• Ambient air temperature
• Ambient air pressure

Maximum 
frequency: 
60 Hz

In-situ Observations



In-situ Observations

Air temperature, humidity and wind speed 



Satellite data products
Surface Morphology and Cover



Surface Morphology
Detailed 3D city representation 

Urban objects (buildings and trees) and their height 

Building Height (m)

Tree Height

0.0
1.0

Sky-view 
Factor



Plan area index

𝐀𝐀𝑷𝑷



Wall area index

𝐀𝐀𝑭𝑭



Paved surface fraction 

𝐀𝐀𝑻𝑻



Surface Cover Maps (VHR)

London

Heraklion

Basel

Spatial resolution: 2.5 m



Surface Cover Fractions 

100 %

0 %

Spatial resolution: 100 m



Material Endmembers



Material Endmembers

Bright Metal
Metal
Greenhouse
Asbestos/Amianthus

Asphalt
Sand
Bare Soil
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Grass

Boardleave

Low VegetationRed Tiles
Dark Roof

Grey Tiles

Bright Roof



Surface Cover Materials
Spectral Library of Urban Materials (London) 

74 samples, 10 categories, 

New and weathered materials 

http://www.met.reading.ac.uk/micromet/LUMA/SLUM.html



Surface Cover Materials



Surface Cover Monitoring 
VEGETATION CLASS INTERCHANGEABILITY URBAN CLASS INTERCHANGEABILITY 

Bare SoilLow Vegetation

Deciduous

Evergreen
Bare Soil

Paved

Dry vegetation

Low vegetation

Paved

Paved 

Low Vegetation

Paved Surface

High Vegetation

Bare Soil

Building



Satellite data products
Land Surface Temperature



Land Surface Temperature
London



Land Surface Temperature
London – 19 July 2016, 22:05 – MODIS LST product (K) – Resolution 1 km  



Land Surface Temperature
London – 19 July 2016, 22:05 – Downscaled LST product (K) – Resolution 100 m 



Land Surface Temperature 

Sentinel-2 Sentinel-3

Spatial-spectral unmixing 
of TIR bands

Surface cover fractions

High Resolution Emissivity

High spatial resolution LST

Surface Characterization

High Resolution TIR

Atmospheric 
information

Spectral 
Libraries



LST Evaluation with ASTER LST Products  
› 2 August 2011 10.39 

UF Downscaled LST ASTER LST



LST Evaluation with ASTER LST Products  
› 2 August 2011 10.39 

MODIS LST ASTER LST



LST Evaluation with ASTER LST Products 

Day/Night Date

Root Mean 
Square Error 

(RMSE) Bias

Mean 
Absolute 

Error (MAE)

Median 
Absolute 

Error 
(MdAE) Quantile .25 Quantile .75

Day 2011.03.20 1.310 0.050 0.607 1.656 -1.475 1.763
Day 2011.08.02 1.340 0.193 0.667 1.650 -0.889 2.127
Day 2011.09.28 2.057 0.782 1.389 1.987 -0.223 2.871
Day 2012.03.22 2.521 0.658 1.362 2.566 -1.220 4.094
Day 2012.06.17 2.173 0.456 1.408 1.945 -1.219 2.631
Day 2014.03.28 1.795 0.584 0.847 2.245 -0.112 3.647
Day 2015.09.07 1.569 0.745 1.040 1.417 0.072 2.354
Day 2015.09.30 1.396 0.414 0.664 1.684 -0.229 2.735
Night 2013.10.30 0.757 -0.146 0.457 0.809 -1.121 0.381
Night 2015.02.22 1.448 0.803 1.000 1.510 0.390 2.295
Night 2015.08.17 0.907 0.209 0.581 0.971 -0.515 1.285



Urban LST in-situ

BKLI

BLER

BAES



Downscaled LST validation

Basel London



Satellite acquisition times (Basel)  



Fluxes
Q*, QH, QE, ΔQS



Net Radiation (Q*) 

Satellite albedo

K coefficient

Satellite radiance

DART albedo

DART radiance

Satellite                 
spatial resolution

DA
RT

1 m × 1 m



Net Radiation (Q*) 



Net Radiation (Q*) 
DART/Sentinel-2 Q* vs in-situ Q* for Basel 

MODIS-Terra MODIS-Aqua 



Net Radiation (Q*) 
DART/Sentinel-2 Q* vs in-situ Q* for London

MODIS-Terra MODIS-Aqua 



Heat Storage Change (ΔQs) 

2016-05-05 05.00 – 11.30

London Barbican

Temperature oC

http://www.met.reading.ac.uk/micromet/scripts/plots/OptrisPI/C19/BCT_C19_dailyreport_main.html



Heat Storage Change (ΔQs) 
ESTM:

 Incorporates heat transfer through 

the different elements

∆𝑄𝑄S = �
i

∆𝑇𝑇i
∆𝑡𝑡 𝜚𝜚𝜚𝜚i∆𝑥𝑥i𝑓𝑓i



Heat Storage Change (ΔQs) 



Heat Storage Change (ΔQs) 



Heat Storage Change (ΔQs) 



Heat Storage Change (ΔQs) 



Turbulent Heat Fluxes (QH  , QE) 



Turbulent Heat Fluxes (QH) 



Turbulent Heat Fluxes (QE) 



Turbulent Heat Fluxes (QH  , QE) 



Both fluxes are generally 
underestimated if 
compared to 
measurements. Modeled QE
in urban areas are small.

BKLI

BAES

BKLI

BAES

BLER

405 MODIS scenes

Turbulent Fluxes: evaluation with flux tower measurements BASEL



Both fluxes are generally underestimated if 
compared to measurements. Modeled QE in 
urban areas are small.

BKLI

BAES

Turbulent Fluxes: evaluation with flux tower measurements LONDON

MODIS Aqua (223)

MODIS Terra (201)



Day  (●),  night (*)  one 100 m x 100 m pixel 

UEB Components Time Series



Data availability 



Conclusions
› URBANFLUXES implemented new urban surface parameterization schemes

› Developed new synergistic algorithms for analysis of EO data

› Achieved EO-based estimation of UEB fluxes, validated in London, Basel and Heraklion

› Uncertainty in measurements impose large uncertainties in UEB closure; further research is
necessary to further reduce the uncertainties

› URBANFLUXES improved the current knowledge of the role of the different UEB fluxes on UHI
and hence on urban climate and energy consumption

› Developed tools for monitoring and evaluation of the implementation of climate change
mitigation technologies, including Nature-Based Solutions (NBS)

› Results capable of supporting the development of Sentinels-based downstream
services towards informing policy-making



URBANFLUXES is co-financed by "HORIZON 2020" EU Framework Programme
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