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Introduction

An urban heat island, UHI, occurs when a city experiences
much warmer temperatures than nearby rural areas.

The difference in temperature between urban and less-
developed rural areas has to do with how well the surfaces In
each environment absorb, hold and release heat.

So, heat transfer is at the heart of the UHI physics.
Soil imperviousness also plays a key role.



ENVI-MET

See also for flood impact:

Vallon de la Roquebilliere a Cannes

Imperviousness Density 2021
(from Copernicus)


https://www.alpes-maritimes.gouv.fr/Actions-de-l-Etat/Environnement-risques-naturels-et-technologiques/Les-risques-naturels-et-technologiques/L-inondation/Impact-de-l-impermeabilisation-des-sols-sur-l-intensite-des-crues

Introduction — Thermal comfort

* Too hot? How is define the thermal comfort?
* Many definitions:

- NF EN7730 (France)

- EN1SO7730 (Europe)

- EN 16798 (Europe) (with buildings performance)

- EN 15251 (Europe) (with air quality)

- ASHRAE 55 (North America)

- GB/T 50785-2012 (China)



Introduction — Thermal comfort

* NF EN7730 (France) & EN ISO7730 (Europe) are similar and
based on the Predicted Mean Vote (PVM) model.

* PVM is an index that predicts the average thermal sensation
over a large group of people based on:

— Air temperature
- Relative humidity

COMFORT SCALE ISO-7730
Very cold

Cold

~ Slightly cold
Comfortable cold
Comfort

Comfortable warm
Slightly warm

Hot

Very hot

— Air velocity
- Mean radiant temperature

— Clothing insulation level
- Metabolic rate




Introduction — Thermal comfort

 PVM is computed by solving the energy balance equation for a
human body in a given environment.

PMV =(0.303e ***"+0.028). L

where M is the metabolic rate (W.m*#) and L the thermal load in
(W.m?)

e L=M-W-(C+R+E+K)

with W the mechanical work, C the convective heat loss, R the
radiative one, E the evaporative one and K the conductive one.

Center for the Built Environment
CBE Thermal Comfort Tool


https://comfort.cbe.berkeley.edu/

Introduction — Thermal comfort

Activity met W/mz?
Metabolic rate ;
(from EN 1SO 7730) Sleeping 0.7 41
Seated, relaxed 1 58
Office work (seated) 1.2 70
Fortar:j adult S~1.8m* Standing, light manual work 1.6 93
seated:
Walking slowly (3 km/h) 2 116
Q=58x1.8 = 1044 W Moderate physical work 2.4 140
Intense physical work 3.0+ 175+




Introduction — Thermal comfort

 PVM is associated with PPD: Predicted Percentage of
Dissatisfied

PPD=100—95. o 03353 PMV*~0.2179. PMV"




Introduction — Thermal comfort

e Several tools to compute PMV and PPD

= I
i C
CENTER FOR THE BUILT ENVIROMMENT

Center for the Built Environment
CBE Thermal Comfort Tool

Ener lus Pythermalcomfort
Energgyyg (t pnyC py ThermalComfort

EnergyPius
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https://comfort.cbe.berkeley.edu/
https://energyplus.net/
https://github.com/CenterForTheBuiltEnvironment/PyThermalComfort

Introduction

* So knowing for given conditions what are the optimal comfort

the idea is now to ensure that these comfort conditions are met
for a given building under given outdoor conditions and to also
determine the associated energy cost!

* In order to compute this we need to compute the energy
balance for the building.
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Introduction — Energy balance

Main Model: Atmosphere (30)
LongwaveRadiation - Wing
Gy, Emirenimeent, Vegetabon) Temperature -
- ||IJI'I'iI'.I‘-|‘F
- Turbulence
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| Vegetation
‘ — Loaf Tenporature
I | [ EvaparatioruTrarsgiration
- Sharing &g
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'

ENVI-met Model Architecture |
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Heat Transfer Review

Heat Is related to energy: it is a form of energy transfer

What is energy??? Energy is a scalar variable that
defines/measures the state of a body (a physical system).

If the body changes its state, its energy changes!!!

Energy is stored in different ways:

— Internal energy: related to the heat capacity of a body
— Kinetic energy: related to the motion of the body in a given referential

— Potential energy: related to the position of the body in a conservative
force field (gravity or electromagnetic forces)

13



Heat Transfer Review

* In thermodynamics the first important concept if the concept of
system.

* Athermodynamical system is a material system.

* Its state is described by variables: energy, speed,
temperature, ..
* The system is said:

— Isolated if it does not exchange mass neither energy with its
surroundings

— Closed if it exchanges only energy.
— Open if it exchanges energy and mass.

14



Heat Transfer Review

Main Model: Atmosphere (30}
- Wing

s Sy, Ervivartment, Vepetadon) Temperaiure
e : = IIun'Fi::'rl-r -
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.
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- Shading
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|
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Heat Transfer Review

 Heat is a way of energy transfer between a system an its

surroundings. T ——————
* Heat can be exchanged by 3 ways:
— Conduction Radiation
- C O nve Ctl O n The warm air rifss
o Convection
- Radiation

From UCAR — Center for Sc education
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Heat Transfer Review

 |n a buildin
9 Insulation Plaster

(I)in
Uout Uin
=29 o
—o =
Tout ¢OUt Tin (assigned)
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Heat Transfer Review: Conduction

Conduction occures :
 Between external/internal air and the walls.
* Inside the walls, between the different materials

The material property involved in conduction is the thermal conductivity, k (W.m.K%)

For a 1D homogeneous wall of width e (m) the amount of heat exchanged in steady state
with the surroundings is: AT
O, =k—(W.m?

d—
con e

AT is the difference of temperature between the two faces of the wall.
dcona IS @ flux (per unit of area). Its a quantity of heat passing through a surface.

In steady state the flux is the same in the entire wall.
18



Heat Transfer Review: Conduction

For simplicity it is preferable to use the thermal resistance of the material:

e _
Rwall:ﬁ (KW 1)

where S is the surface exchange area.

_AT
cond R

The flux is now simply: @ (W)

I nts :.:.: Wall/Roof Materials P W
* In case of composite walls: z | ootanese e
-4 User Materials Name: : \
v <= System Materials Color: e -
v {7 Cement and Concrete
1 [0200C1) Concrete: heawyweight m— e Value

-1 B8 [0200C2) Concrete: lightweight
Default Thick 0.30000
R Ju— R . ( K W ) {63 [0200C3] Concrete: hollow block il sl
Total Z i .

[0200C4] Concrete: filled block Absorption 0.70000
[0200C5] Concrete: cast dense Transmission 0.00000
B8 [0200W(] Concrete: lightweight and wet Reflection 0.30000

> {7 Default Emissivity 0.94000

> i Glass Specific Heat 840,00000

> =5 Metal

3 = Misc Thermal Conductivity 1.30000

M

» =5 Mixed Density 2000.00000

> 4= Natural Extra ID 0
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Heat Transfer Review - Convection

e Convection involves the heat transfer between a fluid and a
surface.

 Here the flux is defined as: o.,=h.,SAT (W)
* henv IS the convective exchange coefficient (Wm=K2).

* |t depends of many parameter and of course of the fluid
velocity.

 Many formulas depending of the state of the flow
(laminar/turbulent), the shape of the surface, of its rugosity....

20



Heat Transfer Review - Convection

* For instance regarding the heat exchange of the human body
with air, EN7730 defines for the PVM equation:

0.25 .
ho = 2.38 | T,—T air| for natural convection
o 12.1yU,, otherwise

where T Is the clothing surface temperature.

21



Heat Transfer Review - Radiation

* All bodies radiate energy.

 The amount of energy radiated by unit of area is related to the
body temperature by the Stefan-Boltzmann law:

O p=€0T"  (W.m?)
* £(1) is the body emissivity. (for a blackbody £=1)
e 0=5.670374 10-8 (W.m=.K*) is the Stefan-Boltzmann constant.

* This energy is radiated in the form of electromagnetic waves of
various wavelengths.
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Heat Transfer Review - Radiation

* Plank’s law defines the distribution of energy by wavelengths.

UV VISIBLE INFRARED

14 -

* The Sun’s temperature is ~5700K so it
radiates mainly in the visible range.

5000 K
12
Classical theory (5000 K)

ma2. nm'l)

10 —

* The Earth’s temperature is ~300K it
radiates mainly in the infrared range.

Spectral radiance (kW - srt -

0 05 1 15 2 25 3
Wavelength (um)
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Heat Transfer Review - Radiation

* When a body is irradiated three phenomena occur:

Reﬂ&yy

0 ::,\> Absorbed I]I]:::>

Incoming Transmitted
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Heat Transfer Review - Radiation

* When a body is irradiated three phenomena occur:

E =E

incoming — — reflected

+ Eabsorbed + E

transmitted

Ereﬂected =« Eincoming a is the albedo
Etransmitted: T Eincoming TiS the transmittiVity a+ ,D +T= 1

Eabsorbed:p Eincoming p iS the abSOfption

* a,T and p are functions of the wavelength, direction of the incoming beam....
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Heat Transfer Review — Source/sink terms

Source/sink terms represent the release or the absorption of
heat by surfaces or volumes.

For exemple chemical reactions can release heat (J.kg™.s*.m>)
In a given ground area.

HVACSs can also release or absorb heat close to buildings.

Latent heat exchange is the heat relased or absorbed during a
phase change of water such evaporation or condensation.

The presence of vegetation (grass, plants, trees) modifies the
atmospheric humidity by evapotranspiration.

26



Heat Transfer Review — Urban Canopy Model

* Urban canopy models are used to simulate how the interaction between the
atmosphere and the ground is altered by the presence of urban areas.

Urban canopy model as boundary model
(1a) Resistance force against Wind

wind \
, .
(1b) Increase turbulence ~

(2c) Absm{;:utic:n of sunshing \__f ,-_-"{ ohfl Sh 55;‘;;5 T;'%Hwe :
by trees \\ ' ragiation by building !

(2d) Decreasﬁbsmrmfon of -

%-2a) Shading sunshing

sunshine By ground | 2c) Sensible and latent heat

i\ | _ roof and wall at building
| o 1|--' 2
'f ! i ! K ) I
i L
ELY - . e - -

From Lun (2009)
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Heat Transfer Review — Urban Canopy Model

* The presence of vegetation (grass, plants, trees) is also to be considered.
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(a) aerodynamic effects

(b) latent heat from the tree canopy

(c) shading effect on long-wave radiation
(d) shading effect on short-wave radiation
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Heat Transfer Review — Urban Canopy Model

ZT+d

From Kusaka 2001

Ta air temperature at z,

Tr building roof temperature at z,
Tw building wall temperature

Ts the road temperature

T the ground temperature

Ts the temperature defined at z++d

H is the sensible (convective) heat
exchange at reference height

H. is the sensible heat

flux from the canyon to the atmosphere
H.w is the sensible heat

flux from wall to the canyon

Hr from the roof to the atmosphere

29



ENVI-MET

 ENVI-MET is a Computational Fluid Dynamics (CFD) model for studying at
the micro-scale length (~1 m) the interactions between the atmosphere and the urban
or natural surface.

* It incorporates various modules that enable the simulation of interactions
between vegetation, soil, buildings, pollutants and the atmosphere.

. b ey ™
Atmospheric model e Full 3D building {T Building
;‘1: geometry " physics
I i ‘ '

Ei Radiative model

& B Soil & surface
m—  Temperature

Soil Water Soil Water
content s CONteNt
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ENVI-MET

* Meteorological scales?
— Global scale — entire planet ~40 000km nttps://classic.nulischool.net/
- Regional/synoptic scale — 100km - 5000km
- Meso scale — 1km - 100km \
— Micro scale - <1lm-1km

AROME model MeteoFrance31


https://classic.nullschool.net/

ENVI-MET

 ENVI-MET requires a large amount of data to perform a realistic

simulation:

3D building model (geometry, materials, ...)

 Digital Elevation Model

* Characterization of vegetation (density, height, species, etc.)

* Characterization of soll (type, temperature and moisture profiles,
etc.)

* Meteo (Wind, Temperature, Relative Humidity, Solar irradiation,
etc.)

Open datasets are extremely valuable for this purpose!
And GIS too !!!

32



ENVI-MET & QGIS

* Geodata to ENVI-MET is plugin to export ENVI-met model areas
from geodata, run microclimate simulations from QGIS and also
enables you to visualize climate model results in QGIS.

v = DE Manager
v B Geodata to ENVI-met

e |t works with O\ G I S @ Plugins | Installed (10)
igr Geometry Checker

‘ Not installed % GRASS 8 (deprecated plugin)
v i GRASS GIS Processing Provider
v & MetaSearch Catalog Client

iy OfflineEditing
- v 4+ Processing
::} Install from ZIP 131 QuickOSM

& Topology Checker
*‘ Settings

Q) Search..

:{:ﬂ Upgradeable
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The domain

* Many possibilies to import geom models ...

BDTOPO from IGN
Alpes-Maritimes — 06
Projection LAMBERT 93 ADMINISTRATIF

ADRESSES

Lil‘lk BATI

HYDROGRAPHIE

LIEUX_NOMMES

&

Q. ¢
OCCUPATION_DU_SOL w4 > ((\mﬁ‘;'{\_
SERVICES_ET_ACTIVITES B D To P 0 ®

TRANSPORT

ZONES_REGLEMENTEES
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https://data.geopf.fr/telechargement/download/BDTOPO/BDTOPO_3-5_TOUSTHEMES_SHP_LAMB93_D006_2025-12-15/BDTOPO_3-5_TOUSTHEMES_SHP_LAMB93_D006_2025-12-15.7z

The DEM

Many possibilies to import DEM models ...

RGE ALTI from IGN (1m & 5m)
BD ALTI from IGN (25m)
Alpes-Maritimes — 06
Projection LAMBERT 93
Ellipsoid IAG GRS 1980

Link 1m AN,
Link 5m RGE ALTI®
Link 25m
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https://geoservices.ign.fr/rgealti#telechargement1m
https://data.geopf.fr/telechargement/download/RGEALTI/RGEALTI_2-0_5M_ASC_LAMB93-IGN69_D006_2023-08-08/RGEALTI_2-0_5M_ASC_LAMB93-IGN69_D006_2023-08-08.7z
https://data.geopf.fr/telechargement/download/BDALTI/BDALTIV2_2-0_25M_ASC_LAMB93-IGN69_D006_2023-08-08/BDALTIV2_2-0_25M_ASC_LAMB93-IGN69_D006_2023-08-08.7z

Where is IMREDD?

We find our way with OSM...

Herv=xo

Mapzen Global Terrain

&) WFS / OGC API - Features
@& ArcGIS REST Servers

= OpenStrectMap
B zoNE D _ESTRAN

. ZONE DE VEGETATION

OpenStreetMap
- v = mnt_imredd

(e

: o~
Avenye _r,,,;me.wal(]"

X
=
®
®
a
[ ==
A
s
®
2
3
&
& "
Open-Fit i:
Hice b
®
18M o
"
la)
=
L3
3
3
Campus [
Sud

des Metiers



Geodata to ENVIMET

* Geodata to ENVIMET plugin allow us to prepare the
geometric input file for ENVIMET: FILE.INX

<ENVI-MET_Datafile>
<Header>
<filetype>INPX ENVI-met Area Input File</filetype>
<version>440</version>
<revisiondate>1/15/2026 4:42:19 PM</revisiondate>
<remark>generated by geodata2ENVI-met</remark>
<fileInfo>model created by QGIS plugin</fileInfo>
<checksum>0</checksum>
<encryptionlevel>0</encryptionlevel>
</Header>
<baseData>
<modelDescription> generated by geodata2ENVI-met </modelDescription>
<modelAuthor> [Enter model author name] </modelAuthor>
<modelcopyright> [Define the data copyright of your model] </modelcopyright>
</baseData>
<modelGeometry>
<grids-I> 37 </grids-I>
....... 38



ENVIMET Launcher

Organize your ENVI-met Create new Green your world! With this tree
system into Workspaces and simulations files Analyse your model results library, you can design functional
projects and define the (:SIMX) or edit and create 2D and 3D 3D and QSM vegetation ready

individual settings for your existing ones on maps. to run in your ENVI-met model

simulation projects. an interactive
S _ . e
B ENVI-met = X
| ENVI-met User Info Help

o o 9 ENVI-met 5 |
: ~= ¥ v 1"1‘.;’,'1'. 4 ]E%:}{ |
000 \ M e VAl v |
| ey = & |
| Manage Projects Import from QGIS Editmodel area Simulation Settings Start Simulation Simulate Thermal Comfort Visualize Results Materials and Tree Library |
| Objects Library
/ | l Check for the latest Version

Bringing your designs and This is the central

environments into the calculation A post processing tool for With this library you can edit, add

module, the ENVI-met output files to or modify all kind of materials, soils
computer. Transform your “ENVI-met Model” calculate dynamic and ° |fyh i 1 or o i S i
plans qnd ideas into Area itself static Thermal Comfort or other physical settings used in
Input Files . (dPET, PET, UTCI etc) ENVI-met.
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ENVIMET




Ressources

ENVIMET website
ENVIMET 5.9 download
ENVIMET Technical website
ENVIMET 3.1 Manual

Biblio (password: 1IMREDD@06200)

41


https://envi-met.com/
https://envi-met.info/doku.php?id=files:download
https://www.envi-met.info/doku.php?id=start
https://envi-met.info/documents/onlinehelpv3/cnt.htm
https://sdrive.cnrs.fr/s/ML4JXDbKXdBgBgD
mailto:1MREDD@06200
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