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Urban energy balance

Q"+ Qr=0Qy + Qg +AQs + AQy + S

Q*: Net all-wave radiation balance
Q. : Anthropogenic heat flux

Q,, : Turbulent sensible heat flux

Q; : Turbulent latent heat flux
AQ; : Net change in heat storage
AQ, = Q, - Q,, Advective heat flux

S: All other sources and sinks

'

Roughness Sub-Layer

Urban Canopy Layer



Why URBANFLUXES?

)

EO-1-2014: New ideas for Earth-
relevant space applications

Urban planning and Earth system
science communities need spatially
disaggregated Q; .

Not possible to derive it by in-situ
flux measurements.

The estimation of Qg spatial patterns

by current EO systems is a challenge.

Major challenge: the innovative
exploitation of the Copernicus
Sentinels synergistic observations to
estimate Qg spatiotemporal patterns.
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The objectives

> to exploit EO to |mpr0 e the accuracy of Q* and AQs calculation;
) to |mprovq, EO- basgd Q, and Qg and to
spatlal patterns
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ith independent methods;

or scintillometry;

> To exploit Sen ergies to retrieve UEB fluxes at the

local scale, with the \ cy of Sentinel 3 acquisitions.



The approach
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The approach

> In-situ measurements:

Wireless network for high spatial resolution measurements of:

Surface temperature

Air temperature

Relative humidity

Soil moisture/temperature
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The approach

> In-situ measurements:

Independent measurements of Q; and Q,

Eddy covariance from flux towers

Large-aperture scintillometers
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Local Climate Zones

{- LCZ6 - Open low rL. [ j ‘ i} P,
LCZ3 — Compact low rise LCZ6 — Open low rise
e pies 8 High angle -




Urban morphology

> Relevant parameters: Sky View Factor (SVF), Building
and vegetation heights (z,, Zyspy Zpmay), Plan area
index (Ap), Frontal area index (Af)

. M~ o R
22 "W, ST <Ry
Y AN i it 'l-_ " '-?\'}.'" e
e 33 “‘ 5 R AT g i oe
SRR M AL\ L o
"\"0 Ha “‘ &32@\\“%/"] ﬁllg‘éj’ji‘lﬂFEE" \‘ ‘”, }r?.-':.
A -\ 2 e G 4 ; i i
N N g = | ISR
3 0 \\ § &g/’fg" r@““d“‘gﬁg : ‘@‘&\"' X '
N, 7N G BEEEghe2Rag %
_\\\\Q/.h ///////) o /\¢@:, Bﬂt‘iﬁ'\gg @\2‘/:. R ‘\-,ﬁ
T B0%s SN2 Ve oy
B 70, AN D BEREeIB o=\ el
AR A, T e
SR I e TS
SN S,
iy SN st =

’“\\\A_ 2

-ty -
aca s -
el

haT LT ¥
. '__l i ":‘\A
T -'.:‘_

! ’ N 8100 %
: Oy i ."”.’
N /./; \/,'7 N -V‘ . ~, 7 i qf i“.rl':| —
T [ ‘-i’-"::'////;""hr 8 l\l://{\?;:& W /-:;/ TN 1:;'_}".'-:: Wl 0%
: TN - SR :&@7\\ il ','P & pQ_:_;I".;I.!
: o X oy g
Height (m) Z/,?%‘EE.. . “\* :j N

7 t\_ﬂi oY
VN 05 e O

o 20 40 60 80 100

Digital surface model (DSM) of Basel Building density of Basel based on GUF data (100 m grid)




Urban morphology

> Urban Multi-scale Environmental Predictor (UMEP)
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Urban surface characteristics
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Urban surface characteristics

bright tiles metal | asphalt |
red tiles metal Il tar
dark red tiles metal lll asphalt Il trees Il concrete




Urban surface characteristics
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Urban surface temperature

Low Resolution TIR

High Resolution VNIR, SWIR

Surface Characterization

Spatial-spectral unmixing

of TIR bands
Surface cover abundances

Spectral High Resolution Emissivity
Libraries

High Resolution TIR Atmospheric
information

[ High spatial resoluti
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Radiation balance (Q*
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Heat storage change (AQ,)

ESTM (Element Surface Temperature Method):
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Materials
Thermal conductivity
Volumetric heat capacity
Physicalarrangement of elements
— view factors between elements
Ts
T, inside and outside

Soiltemperature T, (where dT/dz =0)

(Source: Offerle et al., 2005)



Heat storage change (AQ,)

OHM (Objective Hysteresis Model):
> Contributions to AQ¢ from multiple surface material types

> EO-derived dQ*/dt (e.g. Xu et al.,2008)

Q* and dQ*/dt measurements from EO

dQ”
AQg = Zfifh,iQ* + fiay; I - fias;
-

= —’

Parameters specific to land cover class




Turbulent Heat Fluxes (Q, , Q)

> Aerodynamic Resistance Method (ARM)

CllT'

Oy = PCP

T‘a - Aerodynamic

resistance

———————— - Vapour
: —_ . ! pressures

) 4 (T'a + T'S) | _Surfacerssistance

Depends on vegetation
type, moisture conditions




Comparison with non-satellite
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The involvement of users
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Visit URBANFLUXES web-site
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URBANFLUXES

Welcome to the UrbanFluxes Project

ming up. Cities are even hotter than
their surroundings:

Cities are much warmer than their surroundings. Urban structures absorb and trap more solar and thermal radiation than
soils or vegetation and that causes an increase in the urban temperature. Moreover, many human activities add heat to the
urban climate. The heating and the cooling of buildings, the traffic, various industrial activities and our own human
metabolism release energy in the form of heat, called anthropogenic heat. Because of these effects the rate of warming in
cities is higher than the average global warming, a phenomenon known as the Urban Heat Island (UHI). Especially during
heat waves, which are expected to occur more often, the UHI plus the heat wave can create an increase in energy

7ption, a decrease in human comfort and significant human mortalty.
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The vision

To advance the current knowledge of the
impacts of Q; on UHI and hence on urban
climate and energy consumption.

To support the development of tools and

strategies to mitigate these effects, improving

thermal comfort and energy efficiency.

To support the establishment of EO as a tool

to help inform policy-making.

To develop EO-based services.




THE FRAMEWORK PROGRAMME FOR RESEARCH AND INNOVATION




