SIMUREX : Micro climats urbains
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Modélisation détaillée de I'environnement atmosphérique
a I’échelle du quartier :
(du point de vue de I'atmosphere urbaine)
Prise en compte de :

e vent et turbulence
e dispersion des polluants

e échanges énergétiques

(en particulier avec les bat.)
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Cities are not resolved in GCMs!

Atmosphere-Ocean General Circulation Model projections of surface warming
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Figure 3.2. Left panel: Solid lines are multi-model global averages of surface warming (relative to 1980-1999) for the SRES scenarios A2, A1B and B1,
shown as continuations of the 20" eentury simulations. The orange line is for the experiment where concentrations were held constant at year 2000 values.
The bars in the middle of the figure indicafe the best estimate (solid line within each bar) and the likely range assessed for the six SRES marker scenarios
al 2090-2099 relative fo 1980-1999. The assessment of the best estimate and likely ranges in the bars includes the Afmosphere-Ocean General Circulation
Models (AOGCMs) in the left part of the figure, as well as results from a hierarchy of independent models and observational constraints.
Right panels: Projected surface temperature changes for the early and late 21t century relative fo the period 1980-1998. The panels show the mulfi-AOGCM
avarage projections for the A2 (top), A1B (middle) and B1 (boftom) SRES scenarios averaged over decades 2020-2029 (leff) and 2080-20899 (right). {WGI
10.4, 10.8, Figures 10.28, 10.29, S5PM]

Rapport IPCC / GIEC



Urban climate modeling (for 2100, A2)
(Hallegate et al. 2004)
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Figure 1. Map of Europe and the Mediterranean basin, with a few cities represented by circles, at the location of
their acceptable analogue, i.e. a location that presently enjovs a climate close to their future climate. When

no acceptable analogue is found, a cross denotes the location of the best temperature analogue, neglecting

precipitations. The background shows the mean annual temperature in the present climate. The upper panel

is for the CNRM ARPEGE-Climat model, bottom panel for the Hadley Centre HadRM3H model.



Future climate at urban scales > «downscaling »

GCM (150-200km) RCM (10km) RCM (2km)

WRF Mean Anriual Temperature

cecsyv  Mean Annual Temperalure 2000

2000

Syd

No cities at all Only urban land use Urban canopy model

AAAAAAAAA

Climate Change Research Centre E UNSW

=» Accompanying reduction of simulation time scale



Also with Meso-NH + TEB (Meteo France)

Experiment design

 Weather Research and Forecasting (WRF) system
« 2-km spatial resolution (nested in 10k and 50k)
— CSIRO-MK3.5
* No cumulus parameterization in inner domain (explicit)
« Using Urban Canopy Model (SLUCM)’
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NE e usE e 1eeE 150 1517 162°€ Source: (2) Chen et al. (2011)

(1) Kusaka et al. (2001) Boundary-Layer Meteorology

Climate Change Research Centre E UNSW
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Future urban climate

Mot

1986 - 2005 2081 - 2100

Number of heat wave days

Number of heat wave days in London for 11 global climate models increases by a factor ~ 10, both
Scenario: RCP8.5 in urban and rural areas

Lauwaet D., ot al., 2015. Climate. Climate, 2015, 3(2), 391-415.



Deux effets distincts

mais ....
Réchauffement climatique L'llot de chaleur urbain
* Phénomeéne sur I'ensemble *= Une ville comme Toulouse est
de notre planete parfois la nuit plus chaude de
= 4+20C 3 +6°C d’ici 2100 6°C que la campagne alentours
" Lié au activités humaines * Phénomene actuel
. - -' - d‘

g -

s

L'ilot de chaléur urbain :

Source : Projet ACCLIMAT



Cities are also expanding

Introduction

Beijing, China

Long et al. (2012) Landscape and Urban Planning

76-1981
991-2004
81-1991
004-2008



Heat Island intensity as a function of population
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Example : the Paris Heat Island

(measured along a transect by vehicle)

obigny

http://www.iau-idf.fr/

Nord Est >



Urban warming in Japanese cities and its The seventh International
relation to climate change monitoring Conference on Urban Climate,

Fumiaki Fujibe 29 June - 3 July 2009, Yokohama,
Meteorological Research Institute, Tsukuba Japan

305-0052, Japan

Ecg" - — Tokyo
. — Hachijo Is. .
|
3.0 — Global mean 4= Higher trend!
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Fig.2 Time series of
annual mean temperature
for 1901 to 2008
(departure from the
average for 1901-1920).



Urban and Regional Temperature
Trends in Las Vegas and Southern
Nevada (Miller, 2011)

Table 2. The magnitude of seasonal and annual temperature
trends (°C) for the period (a) 1940-2009 and (b) 1977-2009.
All listed trends were significant at the 95% level or higher.

(a) Temperature Change since 1940 (°C)
Winter  Spring  Summer _ Fall __ Annual

Tmax - - - -1.0° -
Tmin +45° +51° +54°  +54° +51°
Tavg +21°  +27° +28°  +22° +25°
Tdrnl -48°  47° -5.4° 6.1° -52°

DGR
Tmax - - +1.8° - +0.6°
Tmin - +1.6°  +1.3° - +1.1°
Tavg - +1.3° +14° - +1.0°
Tdrnl - - - - -

Tus
Tmax - - -1.2° - -
Tmin +4.0° 435° +42° +47° H40°
Tavg +2.0° #1.7° +16° +1.9° +18°
Tdrnl 3.7° 400 -5.9° 52°  47°
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Solar (visible) & terrestrial (IR) separation :

(a) Blackbody
curves

AB, (normalized)
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Solarand IR ....
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Images IR du ballon de Radio-sondage de Meteo France :
(latex + talc, opaque dans le visible)
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Bilan radiatif en milieu rural
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Bilan radiatif en milieu urbain

CIRD
s+ f
Sa. it N\
\ ¥
i Qf’ . ~. (OO AQ,
o0 o R HH —
T/\rl — 1
QR
go” l t

\Q,

[
=
o e [
. O
‘).‘
P
o Y
(=
(= f |
(o U
[ |
(e
_ l




Rural / Urban cooling at night (Johnson, 1991 )

SURFACE TEMPERATURE {C)

I,-v"— Rural Surface Layer

INCOMING LONGWAVE
RADIATION

2

iy,

LONG-WAVE
RADIATIHON

e

Urhan Surface Layers

K¥eu
=

By

R
N\

TIME AFTER SUNSET (h)

(Ratti et al. 2003)
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Damon Winter NYT
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FIGURE 2 - EXEMPLES DE CLICHES PRIS SUR LAMENAGEMENT DU TRAMWAY T3, BOULEVARD MORTIER

Température en différents points du sol

Figure 12 — Port des Célestins le 31 juillet 2011 a 21h30: effet de refroidissement apres aspersion de la chaussée.
La température de la chaussée chute d'une dizaine de degres.

Rapport projet EPICEA



Effets de la restauration d’une riviere a Séoul

The Cheong-Gye Stream before and after the restoration (left: June 2003, right: August 2005)

During Restoration After Restoration

—a— NOy

e pmio | 480

JAN 2003
JAN 2004
JAN 2005
JAN 2006
JAN 2007

The interannual change in NOz (red line) and PM10 (blue line) concentrations beside the stream

(in “Cheong-Gye 4-ga” monitored by Seoul Metropolitan Government)

PMI0 (ug/m®)

PO1: 15 m south
from the stream

P03: 200 m north
from the stream
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(Ichinose, 2009)
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Fig. 3 The difference in temperature by hour on typical fine days in August in 2003 and 2008
Observation in 2003 was performed as collaboration with METRI/KMA etc.




Influence d’une paroi vegeétalisée
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( Saneinejad, et al. 2011)

Credit : Atelier International du Grand Paris

Evolution de la température au centre de la rue
avec et sans végétation :
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Fic. 7. Typical (a) mesic to (b) xeric residential land-
scaping in the PMA. The “xeriscaping” policy promoted
by several PMA cities involves landscape conversion of
water-intensive plants to low-water-demand, drought-
resistant vegetation (Source: CAP-LTER).

Fic. Sl. Present-day streetscape (2nd Ave.) in down-
town Phoenix, illustrating the influence of sustainable
street-level shading. Previously, a single strip of palm
trees provided little pedestrian shade. To increase
thermal comfort and reduce daytime urban ambient
temperatures, the Downtown Phoenix Plan recom-
mended planting |) a double row of broad canopy,
low-water demand trees to increase shading and 2) low
shrubs or screens to reduce pedestrian exposure to
longwave radiation emitted from the adjacent asphalt
road (Source: City of Phoenix 2008).



Effect of green walls in an urban
canyon on pollution by particles

tion reduction (%)
i

( PM,,, Pugh et al. 2012 )

1
Vegetation cover (%) - -



Influence des arbres

» Effets barriere + dépots

* Emissions biogéniques

00O : OO0 credits:aicP

Différences de pollution avec et sans les arbres
BT | [ [ T

ANO: 30.0% -20.0% -100% 00% 10.0% 20.0% 300% 400% %0.0% 600% T00%

Figure 1: Left: Measurement location in Vaassen, 2006. Dashed lines indicate the line along which the measurements were taken
(green: with vegetation, red: reference line). The white box indicates the model domain for the simulations. (Source: Google Earth).
Right: Mean relative difference in NO concentrations with and without a vegetation barrier (from De Maerschalck et al., 2009).
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NYC °CoolRoofs by the Numbers

2010

2012
1,596 volunteers 1,417 volunteers
135 buildings + 1,168,369 square feet 128 buildings + 1,195,091 square feet
~ 2011 Program Total
1,239 volunteers 4,252 volunteers
! 153 buildings + 1,307,572 square feet 416 buildings + 3,671,032 square feet

At peak temperatures,
a white roof is 20°F — 10 = -
cooler than aroof with | | ¢ 5 -‘x;—"‘*}f&: B ot
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Morphologie des quartiers

 Modifier un square pour le confort ( vents forts )

* Différentes
options de
pare vent

 Modification
de facades

(Venas & Borresen, 2010)

New ideas: dlstrlbuted row of "sails" (left) and a new fagade constructlon

Figure 7.



—‘ Vent

Pollution in a street canyon

Température
de lair

Température
de surface

Pollution de fond

Pollution locale du trafic

http://www.iau-idf.fr/



Trafic

—5— ca.18m

* Ventilation des rues
* Réactions chimiques

5.7m
|.—.

1 3.5m
! oo Y PR
BE e
25m

A Ozone
Oxyde d’Azote (Lacour et al. 2003)

t=250s CONCENTRATION O3 t=250s

CONCENTRATION NO

Z(m)

Cerea
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Centre d'Enseignement
et de Recherche
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Morphologie des batiments

* Influence de la forme des toits
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Impacts des couvertures

LIBERER LE SOL ET FRANCHIR LE PERIPHERIQUE
L’ECHANGEUR DE MASSENA, PARIS XIIEME

OPTIMISER LES REQUALIFICATIONS DES ECHANGEURS - — —
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Schéma de requalification de ’échangeur Masséna, Paris 13éme
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Couverture du Landy (A1) :
Cerea Thierry Kubwimana, CETU

Laétitia Girault, CEREA
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La couche limite atmosphérique :
une question d’échelle d’étude

Modéele continental-global AX =100km
A AX :1km
V4
Modeéle local CFD (Code_Saturne ...) AX =10m

U(z2)

43



weather, mountains,
seabreezes

individual buildings, urban

canyons

indoor
air flow

L

FLUID DYNAMICS
MODELS

MESOSCALE

COAMPS
BC's

URBAN SCALE

BUILDING SCALE

FEM3MP

BC's

IN-BUILDING SCALE
‘ GASFLOW

COMIS
SES

PLUME DISPERSION
MODELS

MESOSCALE

URBAN SCALE

4 CFD with

Code _Saturne

BUILDING SCALE

FEM3MP ~
Example of

a family of

models
IN-BUILDING SCALE

1 B | LLNL
¢ LANL




Description génerale

Code_Saturne: modele 3D de mécanique des fluides dont le noyau est
développé par EDF-R&D et dont le CEREA développe une version
physique particuliere dédiée aux ecoulements atmosphériques

» Maillages non structurés:

* possibilité de traiter des géeométries complexes (milieu bati) par une prise en compte
directe dans le maillage

* accepte tout type de polyhedre: hexaédres, tétraedres, prismes ...

Y

Méthodes numériques: volumes finis, variables colocalisées, méthode “predicteur-
correcteur”

Code: 500 000 lignes, 49% FORTRAN 90, 41% C, 10% Python
Paralléle sur machine & mémoire distribuée (MPI)

2 versions par an, 1 version de production tous les 2 ans

Open source (licence GPL) (www.code-saturne.org)
Développé sous Assurance qualité

Club utilisateurs

YV VYV YV VY

Version atmospheérique utilisée par: Aria-Technologies, Numtech, Apsys, INERIS, CEA,
ECL, CSTB, INSA ...



Parallelism - periodicity

» Parallelism and translation periodicity: data exchange

Initial mesh 2 [

5| 7| 1 (3 | 5| 1
6

8 | Mesh 2 |4 6| 8

Domain / \ S
partitioning .. W f\\lfrlodluty
TR W T R

2 4//-_ W/f ¢ :---\-LZ/ : ¢/} ‘I
b e \\—_%Data exchange

Data exchange

Parallel treatment 7 Ghostcenls | PErI0dIC treatment
FATHER LES Case
961,920 cells; 200 iterations
1e+05 ! ! 1 !
) E—Iﬂ HP AlplhaServer‘SC45
m—a Opteron/Infiniband (CCRT, apr. 2005)
\ &= Opteron/Infiniband (CCRT, jul. 2005)
&—i Opteron/Myrinet GM (IBM., oct.2005)
\ L Power S/Myrinet (IBM CoD dec. 2005)
Blue Gene/L {initial port) | .
:@ 10000 \ r—+ Blue Gene/L tminorpoplimlzatmns} ReCO rd aCtu e I .
2 \ i -
s X\ 10 milliards de mailles
2 NN 1 million de processeurs
1001 2 4 8 16 32 64 128 256 512 1024

Number of processors



Prise en compte des processus atmosphériques

» Loi de paroi rugueuse

» Stabilité verticale
Variable thermodynamique: température potentielle
Prise en compte dans le modele de couche de surface

Prise en compte dans modéele de turbulence
» Modeles de transfert radiatif 1D et 3D solaire et infra-rouge

A\

Interface sol-atmosphere (modele a 2 couches)

A\

Microphysique de I'eau (schéma semi-spectral)

3 grandeurs prognostiques: température potentielle liquide, contenu en eau total,
nombre de gouttes

Chimie gazeuse (3 schémas de complexité croissante)
Chimie particulaire (chainage avec SIREAM)
Modele de canopée forestiere

YV V V V

Résolution:
RANS: modéles de turbulence: k-¢ (jusqu’a présent), Rij-¢ (a venir)

Simulation des grandes échelles (LES)



Plateforme SALOME

» Plateforme logicielle open-source pour le pre- et post-processing de
simulations numériques (www.salome-platform.org)
CEA, EDF, OpenCascade

» GEOM: pour créer, éditer, 20 3 | [Superv
. N VIEWER VIEWER VIEWER
Idmpgzgr et exporter deS mOdeleS GRAPHICAL USER INTERFACE (1AFP)
e A - —
> SMESH: pour mailler un modele | | 59 | & | 23 @ i % user
de CAO GEOM || SMESH | | Superv ?Solvcr | YACS WISU %fmg .
STUDY | E> -
» YACS: pour coupler différents ‘* @‘ ‘
solveurs = s -

» VISU/ParaVis: pour analyser les
résultats des simulations

» ADAO : Data assimilation ....
» Possibilité de construire une version “métier” de Code Saturne spécifiquement

adaptée a certaines applications (dispersion autour d’un site, estimation du
productible éolien ...)



Domaine de calcul - |

Approche classique avec maillages emboités
(de type « Grid nesting »)
utilisé habituellement (WRF, Meso-NH ...)




Domaine de calcul - 11

Approche de type CFD avec maillage non-structures recollés
utilise avec Code_Saturne :




3D radiative model design
(1 Discrete Ordinate Method (DOM) (Fiveland, 1984)

(] Spatial discretization uses the same mesh as the CFD model

O Absorption (Makke, 2015) and diffusion (not yet)

S — -
L L A
A7 7 7 A0
O Short and long-wave radiation | '/’:r__S_f": T i | 7
AN AT LT AT A
S¢=SD+S]¢+Se A / | / ATV
? ! Y a | |
S =aS ir ——--—ii ————— —:L 117
L' =L, +L, L . L
? 4 ’ AmNZ
L =¢oT, +(@0-¢)(L, +L,) L 7/

(Milliez 2006, Qu 2012, Makke 2015)




... different from the view factor approach:

@ Used for example for SOLENE (Miguet and Groleau, 2002...), CitySim?...

View factors
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 Examples of studies by CEREA and others :
— CAPITOUL : Toulouse City Center

— EUREQUA : Environmental Evaluation and
requalification of neighborhood

— EM2PAU : coupling of CFD with a building model
(derived from BuilSysPro)

+ previous analytical and experimental validation



Validation with CAPITOUL dataset (Qu, 2012)

L Canopy and Aerosol Particle Interactions in Toulouse Urban Layer (CAPITOUL) field
campaign took place from February 2004 to February 2005. (Masson et al., 2008)

eAerial view of downtown Toulouse, France: a) Main study area;

b) Zoom in the selected area (a) : yellow contour) Cerea




2012)

4

Validation with CAPITOUL dataset (Qu

up for July 15th 2004

(1 Central site area geometry processed by ICEM CFD

. From city of Toulouse 3D database (DXF)

] Doma

t-

imulation se

S

ARG
KRR
Y, I

891x963x200 m

in size:

Meteo mast

(J Simulation mesh, total mesh ~1,8 M



® Simulation for July 15% 2004

. N ] Classification of 4 colors for
initial and boundary conditions

the buildings surfaces
Surface Surface Layer  Depth  Material Heat capacity Thermal conductivity :
albedo @ emissivity & (m) 10°Jm™K™H  (Wm'K™ ‘ ‘
Wall  0.25 092 1 0.01 Red bricks 1.58 1.15
2 0.05
3 0.18
4 0.05
5 0.01
Roof  0.15 0.90 1 0.01 Red tiles 1.58 1.15
2 0.05
3 0.02 Wood 2.20 0.20
4 0.01
Road  0.08 0.95 1 0.01 Asphalt 1.74 0.82
2 0.04
3 0.20 Stone aggregate  2.00 2.1
4 1.00 Gravel and soil 1.40 04

Source: Pigeon et al. (2008)

Source: Google street

] Sensitivity with several levels for heat transfer: Paint color  albedo
1) no wind White 0.6
2) hf constant Whitewash 0.5
3) full radiative-dynamical coupling Rose 0.3
Gray 0.15

* S €DF



Results: validation with CAPITOUL dataset
® Simulation of July 15t 2004

(IMeasurement-simulation comparison for diurnal evolution for brightness temperature

of different positions of the infrared thermometers
OO 77T T T T T T 1 a) !

aaaaaaaaaaaaaaa
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(=]
T T T

B
<
T

]
g

—— Simu. Alsace east
— Simu. Alsace west
= Simu. Alsace road
10+ X obs. Alsace east -
X obs. Alsace west

Brightness temperature (°C)
d
=)

* obs. Alsace road
L | | |

1 1 | 1 1
8 10 12 14 1
UT Hours

.
1 | 1 | 1 | 1
6 1 8 2 0 22 2 4 > Data $I0, NOAA, US. Navy, NGA, GEBCO
o Tl Es _facing_west
O
361261"N 112644503 éiév. 1
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10} obs. Pomme SSW 108
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obs. omme route
0, : 7 0
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UT Hours




® Simulation of July 15t 2004

(JComparison of sensible heat flux

R e e N LA B BN T
| —— Simu. at roof surface
4001 X obs. on mast |
X
300 —
200 -

Sensible heat flux (W/m?)

g

Brightness temperature (°C)

[
12 14

L h L L
0 2 4 6 8 10
UT Hours
00—+ 71— T T T T T
—— 8imu. LaPoste roof
X obs. LaPoste roof C)
50+ gl
40
301 -1
20 |
b4
10% 9
»ooo X
x|
0 L Ll . Ll L. Ll TR -
0 2 4 6 8 10 12 14 16 18 20 22 24
UT Hours

24

[S)

6

L ! 1 L L L
8§ 10 12 14 16 18 20 22 24

UT Hours

dComp

arison of outward IR flux

T T

| =—— Simu.

700 — — Simu.

X obs.
a
£
z
e
=
=
g
=]
=
8
=
51
a4

at roof surface |
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3 m | 1 | 1 |

i

Outgoing IR flux (W m-2)

| 1 | 1 | Il | Il ‘ Il ‘ 1
8 10 12 14 16 18 20 22 24
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® Simulation of July 15t 2004

Radiation flux (W/m?)

(dComparison of outward solar flux
BT 71 771 T T T T T
r —— Simu. at roof surface
= — Simu. on mast
150 X obs. on mast -
1201 -
90+ =
60 .
301 -
F X
0 XXXX L) WX
0 2 4 6 8 10 12 14 16 18 20 22 24

0.00

UT Hours

%

140.00

e

Outgoing Solar flux (W m=2)

35.00 70.00 105.00

(JComparison of friction velocity

Friction velocity (m/s)

<

bl

| = Simu. at roof surface

r X obs.

W T

— — Simu. on mast

on mast

UT Hours

At roof surface: u=( | t,/p | )12

On the mast: u=(U'w’2+ u'w’?)1/4

4
* S €DF



® Simulation of July 15t 2004

( Thermal infrared (TIR) airborne images 1412 UT during flight 432 (Lagouarde et al.
2010):

a)

Measured, _ _
source: Hénon (2008)  Simulated Ty, (°C) Simulated T (°C)
25.10 45.00 55.00 65.00 Ua
\ | Tbr ~ Tsfcg
35.00 50.00 60.00 68.10

g
* S €DF



Results: effect of variable exchange coefficient

® Simulation of July 15t 2004

dThermal infrared (TIR) airborne images 11:38 during flight 431(Lagouarde et al.
2010):

Tbr (OC)

57.80
50.00
40.00
35.00
30.00
25.00
20.00
19.30

a) Measured,
source from Hénon (2008)

b) Simulated T, without wind
c) Simulated T,, with h; constant

d) Simulated T, with full coupling

- s EDF



Toulouse, simulation de la campagne
CAPITOUL (15 Juillet 2004 )

bt LY
3 |

urs=24.

X
 UT ho

\ G\ ‘9
\\ | 4y

Vitesse (m s*) Rigas

1.20
0.90
0.61
0.31

0.02




Projet ANR EUREQUA

e Evaluation mUItidisciplinaire et Requalification
Environnementale des QUArtiers

SHS SPI
LISST-Cieu (Toulouse) GAME - climatologie
LAVUE (Paris) urbaine
LPED (Marseille) IFSTTAR — acoustique

CEREA — qualité de | air

Professionnels EURELQUA Acteurs institutionnels
IAU-IdF QUALITE Toulouse Métropole
: - ENVIRONNEMENTALE - :
Ateliers Lion 5t QUARTIERS Ville de Marseille

ANR - Programme Batiments et Villes Durables 66



Toulouse 2014 field campaigns (3)
(also 1 in Paris and 1 in Marseille)

2-RocadeN

»f 5:-Rocade S™

&.4-Res Rocade

U /

~EURECU

QUALITE ENVIRONNEMENTALE DES QUARTIERS

ANRBVD 2011

Fixed and mobile network:
-Meteo
-AQ
-Sound

+ traffic counts
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Infrared camera

Visible image

File « xxx.is2 »
(Fluke format )

- +IR image




Context / Motivation

J CAPITOUL (Masson et al., 2008)

1 Thermal infrared (TIR) airborne images 1412 UT during flight 432
(Henon, 2008; Lagouarde et al., 2010):

Measured T,, (°C)

25.10 45.00 55.00 65;00

35.00 50.00 60.00 63.10



T, (off-nadfir) - T, (nadir) (K)

12

0.8

0.6

Oud

02

Lagouarde & Irvine 2008

Directional anisotropy in thermal infrared measurements over Toulouse city centre I 51
e
~+- 0443 flight | | 50441 Tlight |40 -
— 0510 flight | 0509 fight | %
—=— 0511 flight @

-.n-ﬂ512 _flight

T, (oftnadfir) - T, (nadir) (K)

HS 050 ™ =

&

)

90

=50 =40 =20 a 20 40 60 B0

Zenithal viewing angle (°) Zenithal viewing angle (°)

Night flights Day flights



Infrared camera

(Fluke format )

9 stop points

8 horizontal dir. + 3vert.
~Every 3h, 3days (20)
January, April, June

~6000 IR pictures
+ visible

File « XXX.is2 »\

Visible image

+ IR image

_|2:\D\100FLUKE\TR003434. 52

2 3
~-11,17 ~-11,23
~-11,23

Toutes Tes températures dans °C.

4 5 6 7 8
~-11,23 ~-11,33 ~-11,17 ~-11,17 ~-11,08

~-11,42 ~-11,23 ~-11,08 ~-11,13 ~-11,23
~-11,03 ~-10,73
~-10,64 ~-10,69
~-10.73 ~-10,69
~-10,34 ~-10,34
-10,00 ~-10,44
-9,95  -10,00
-9,75 -9,84
-9,56 9,13
-9.31  -9,31
-9,03  -9,27
-9,13  -9,31
-8,78  -8,73
-8,64  -8,590
-8,50  -8,59
-8,16 8,36
-7.88  -8,02
-7.78  -7,78
-7.69  -7,69
741 7,17
-7.17 6,98
6,59 7,03
-6,45 6,94
-6,64 6,33
-6,09 6,13
-6,09 5,91
-5,77 5,86

IR data

=» Manual classification (time consuming team work!)




Filiere de traitement (python):
- Relecture des fichiers .txt

- figures Hitogram : 11003434
- statistiques

R —— 2500
Toutes les températures dans 'C ]
Z:\D\100FLUKE \IR003434, IS2
1 2 3 4 5 6 7 8 9 10 1 2000
1 11,13 ~-11,17 ~-11,23 ~-11,23 ~-11,33 ~-11,17 ~-11,17 ~-11,08 ~-10,98 ~-11,17
" 11,08 ~-11,03 11,13 ~-11,23 ~-10,78 ~-10,98 ~- _|
3 ~-10,58 ~-11,03 ~ ~-11,03 ~-10,73 ~-10,83 ~-10,53 ~
4 ~-10,94 ~-10,73 -10,64 ~-10,69 ~-10,69 ~-10,73
5 10,39 ~-10,34 10,73 ~10,69 ~-10,53 ~-10,23 1500
6 10,34 ~-10,34 ~-10,39 ~-10,39
7 10,00 ~-10,44 -10,00 ~-10,14 ~-
8 9,95 10,00 -9,61 10,09 -9
9 9,75 a, 9,7 9,70 9
i 9,56 9,70 -9 1000
1 -9,31 -9,13 -9
i 9,03 9,08 9
1 9,13 8,88 -8
1 -8,78 8,88 -8
i 8,64 8,88 8 500
1 8,50 8,20 -8
1 8,16 -8,06 -8
,88 7,97 7
78 7,73 7
,69 7,50 7 o
a1 7,13 -7 =15 -10 ] 4] 5 10
)1 7,13 Tor {C)
6,59 6,78 -6
6,45 6,83 -6
-6,64 6,38 -6
6,00 6,00 -6
6,09 5,95 -6
-5,77 -6,00 -5
LI’J

Base de données (format .xIs) contenant les statistiques et les reperes
spatiaux temporels (entrées manuelles)

Filename Day Hour Location Direction Choice Tspot Tmin Tmax Tmean Tstd Tp0S Tp10 Tp25 TpS0 Tp75 Tp90 Tp95

IR003539 7 18 3 -1 1 20,83 20,36 22,06 21,09 0,31 20,66 20,72 20,83 21,02 21,34 21,56 21,63
IR003540 7 18 3 -2 1 16,77 4,95 22,78 18,93 2,26 14,97 15,69 17,02 20,55 20,77 20,88 20,98
IR003541 7 18 3 0 1 18 41,33 24,44 18,08 1,86 16,56 17,02 17,55 18,14 19,16 19,59 19,73
IR003542 7 18 3 1 1 18,7 -17,58 20,91 17,66 3,18 15,47 17,22 17,7 18,38 18,59 18,81 18,97
IR003543 7 18 3 2 1 18,48 16,8 21,2 18,97 0,47 18,19 18,45 18,7 19 19,27 19,48 19,67
IR003544 7 18 3 3 1 19,27 -12,33 22,06 18,00 2,55 15,34 16,98 17,81 18,33 19,08 19,59 19,89
IR003545 7 18 3 4 1 19,67 -0,45 27,59 17,78 3,04 11,72 15,97 17,92 18,67 19,11 19,38 19,52

IR003546 7 18 3 5 1 18,97 3 26,83 17,71 2,11 15,63 16,98 17,55 18,08 18,52 19,08 19,38



array of IR images, scaled and assembled

Ex : Toulouse POI 3 /Point 1

Time




Toulouse POI 3 June 2014
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Time evolution of ground brightness T (°C)
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Time evolution of local anisotropy : two locations selected

Point 8

Point 1




Visible images



Visible images

Point 8

S



Point 1

T,.(°C)




Point 8




Brightness temperature (°C)
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Brightness temperature (°C)
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Numerical modeling :

_ Modéle dyn de trafic
3 - levels (ou compt

Modele météo MESO-NH+TEB

Boundary conditions

odele CFD+thermo-radiatif
(800m X E")Om)

S Zan RN v & o

Champs micrométéo

Marseille

Marseilleveyre




)
par

*Choix de la configuration de simulation Meso-NH (with TEB)

« 2 modélemm®) 2 domaines de simulation emboités
Résolution 500 m Résolution 100 m
£
4
1
~
S

25 km

2

> Fraction de ville

187.5 km _ 25 km

Couplage 2-way
Atelier SPI — Météo France 10/09/2015



)
pir

ELIEEE]LJA\

AAAAAAAAAAAAAAAAAAAAA

Résolution 100 m

1 km

\ 4

6a

us Fraction de bati

&

Zoom sur la zone de la POl — réseau de stations fixes

D,

Résolution 100 m

m-ﬁ

2 & i i ik, 2|1 S TRTITEmTe (| T
- @ = Fraction de bati -zl
> < >

~

1 km

Atelier SPI — Météo France 10/09/2015

25 km

25 km



ak»
l‘! eZoom sur la zone de la POI — réseau de stations fixes

ELIEEE]LM\
oo
Résolution 100 m
AN\ B ;
£
-z
—
\ ,
[i1i] " ~n, . B 25, < i 203
115 Fractlon de batl = ¥ > 43°34'14,19"N  1°24'53,77"E eélev. "149m
< >

1 km

Atelier SPl — Météo France 10/09/2015



Maillage Marseille = ELURECL

X{%F) Edit WBV) BRL #E(S) #54#(P) Vector Raster Database #EN(H)

1TRAEd &S RRPPPRAER 2EL 4RO FAD c~909 ~[8 ®> v~ for ¢~

LIES)

& X @ saint-marcel-bati-industriel
& X 8 saint-marcel-bati-indifferencie
= X @ saint-marcel-terrain-sport

& X . saint-marcel-route

IGN
BD-TOPO

Maillage ¢

%‘—5&&?‘%
2 3 Z

Control rendering order

Sj\ Coordinate: 8982816246972

Geometrie et maillage :
salome-platform.org



Sélection de données IGN sur le

Vue globale de Marseille

) Quantum GIS 18.0-Lisboa -
WP Edit MBV) BEW) RES) HF(P) Vector Raster Database #FEA(H)

BEd S RRPPPPOIER 7 N0
BE

X W terrain_sport

X 8 surface_route

]

X % route_secondaire
2 X . route_primaire
7 X ¥ route

X @ bati_remarquable

X & bati_industriel

< X W bati_indifferencie
]

Control rendering order

Données IGN disponibles sur toute la France

Autorisations pour pose de capteurs St-Marcel au 29 Avril 2013

quartier (2,5D)

Zone étudiée

=3 " e
|/, Quantum GIS 1.80-Lisboa - work:
B itE ede WAV BEQ) BWS) HFE) Vector Raster Database WEAH)

4. - ERPPPROUR 2 U4 Ko 5 ~~OOR - (9 #-
ax W = YL o 'v = -

X @ bati_indifferencie
]

@) Coordinate 9105616258592 " Scale |[1 iﬁzq

Control rendering order
® | Coordinate. 898083 6246316 Scale 117320  ~ ¥ X ¥& 1 [l 2



Relief

Fichier « *. asc » Résolution: 25 x 25 m

91



Mesh generation for zone 'Bordelongue’

o Geometry input: format shapefile of QGIS, .shp, .shx, .dbf

@ Geometry simplification:

e Selection of obstacles in the central zone: buildings, houses, autoroute,

etc.
e Simplification of geometrical forms:

@ python script: elimination of excessive points, convex envelop,
Visvalingam-Whyatt algo., Ramer-Douglas-Peuker algo.

@ python script: fusion of nearby points

e by hands

@ Mesh generation with Salome script

A U= ET R CET NS g d 1ol MO ST O E T LE W ST N umerical simulation of urbain area: Marseille October 30th-31th, 2014 7/ 14



Mesh generation for Toulouse

Geometry simplification

Remove all the surrounding buildings

A 1 | FT I CF TN 2Tl o d 1) Ts @11 M S E T L ETIW 2] N umerical simulation of urbain area: Marseille October 30th-31th, 2014 8 /14



Geometry simplification

@ Python script developed by CEREA
@ By hands using QGIS

\\7

% @ﬁ

%%%Qj/ {Qﬁ

Simplifications

)

L

| ET EET M = e A= Ty T MOET ESTT TR ET W ES 2T N umerical simulation of urbain area: Marseille October 30th-31th, 2014 9 /14



Mesh generation

@ Logiciel SALOME
@ Python script developed by CEREA
@ 2D Mesh generation

VA T FT R To Ml 22T Ty Ts OET ST M R ET ETIM 2T Numerical simulation of urbain area: Marseillt October 30th-31th, 2014 10 / 14
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Simulation Code_Saturne ' e
(micro-méteo + ga, avec batiments)

(~2m minimum)

Imbriquée sur les résultats

de MesoNH (régional, 250m-100m)



Scalars for pollutants

@ Source terms: the first layer of cells next to surfaces of roads and
highway

@ Surrounding bords: Dirichlet condition for inlet flow (Jacquier)

@ Data from measurements averaged for each hour during 72 hours

1000
09/04/2014 JACQUIER
PERIPH
BERTHELOT
, 800 TABAR
“BERTHELOT
& 600
E
o
S
>
s
< 400
JACQUIER - *
ACNAS 200
. o T T RERIPH. &
; H
e TADAR T I
; E:’_O,LE TAI::&AR 'v!. _l.‘; ‘ ' e . .
S ] S R : T T T T T T T T T
' ' 0 3 6 9 12 15 18 21 24
7 & Heure
(a) Location of sensors (b)-24 hourevolution = = _
Zhenlan Gao, Yongfeng Qu, Maya Milliez, Bertrand Carissimo July 20-24, 2015 18 / 22

ELIREQUA

QuAlTE eNvIRONNEMENTALE DES QU ARTIERS

99 Réunion Pléniere EUREQUA, 30-31 octobre 2014, Toulouse



Simulation Code_Saturne coupled with Meso-NH
(local impact from « rocade » sud west)

S

Anti-noise barriers(rocade)



02 - THEMATIQUES D’INTERVENTION
L’accessibilité et la place de la voiture — rue de la Sarthe, existant

g=y/=)

VIS A VIS

e
P

CIRCULATION =
Trottoir étroit "%

PAS DE PLACE
POUR LE PIETON
02 - THEMATIQUES D’INTERVENTION
L’accessibilité et la place de la voiture — rue de la Sarthe, proposition
20/05/2015 Ateliers Lion associés, Architectes Urbanistes Paysagistes

Architects provide scenario after
meetings with locals

20/05/2015 Ateliers Lion associés, Architectes Urbanistes Paysagistes 23



Trois scénarios

Time's 221h

Mar antibruit a la hauteur de 3m (right)
Mar antibruit a la hauteur de 6m (bottom-left)

Mar antibruit a la hauteur de 3m
avec deux batiments démolis (bottom-right)

pollution

Time's 221 p 4 Time's 22h

5.623e+02
3.162e+02
1.778e+02

1.000e+02

pollution

1.000e+03
5.623e+02
3.162e+02
1.778e+02
1.000e+02

pollution

1.000e+03
5.623e+02
3.162e+02
1.778e+02
1.000e+02

E

@



2m au dessus du sol (8h du matin, 9 avril 2014)

Time =32h

Mar antibruit a la hauteur de 3m (right)
Mar antibruit a la hauteur de 6m (bottom-left)

Mar antibruit a la hauteur de 3m
avec deux batiments démolis (bottom-right)

Time =32 h

Time =32h

quane enviRonnementate bes QUARTIERS 103 Réunion Pléniere EUREQUA, 30-31 octobre 2014, Toulouse



2m au dessus du sol (15h 9 avril 2015)

pollution

Mar antibruit a la hauteur de 3m (right) o 56230107
?13%2183!
1.000e+02

Muar antibruit a la hauteur de 6m (bottom-left)

Muar antibruit a la hauteur de 3m
avec deux batiments démolis (bottom-right)

pollution

1.000e+03
5.623e+02 !

pollution

3.162e+02
1.778e+02
1.000e+02

3.162e+02
1.778e+02

1.000e+03
5.623e+02 !
1.000e+02

quauté enviRonnemenTALe bes QUARTIERS Réunion Pléniere EUREQUA, 30-31 octobre 2014, Toulouse



0,5m au dessus du sol et un plan vertical qui traverse le quartier

pollution

Time =49 h 1.000e+03
~ . . ‘ . 5.623e+02
MUr antibruit a la hauteur de 3m (right) 3.162e+02!

1.778e+02
1.000e+02

Muar antibruit a la hauteur de 6m (bottom-left)

Muar antibruit a la hauteur de 3m
avec deux batiments déemolis (bottom-right)

pollution

Time =49 h 1.000+03

pollution
5.623e+02
3.162e+02
1.778e+02

3.162e+02
1.778e+02
1.000e+02

1.000e+03
5.623e+02
1.000e+02




Point dans la zone réaménagée

e—e Mur3m
7001 >+ Mur 6m
<+— Mur 3m demolition

(
053 30 35 20 45
time(h)

quALTE envIRONNEMENTALE DEs QUARTIERS v \

500 :
e—e Mur3m
—» Mur 6m
400} <«—< Mur 3m demolition | |
E:; 300
£
3
>3 200y
=
100_ M
0 ‘ . ‘

0 5 10 15 20
time(h)
1000 . :
e—e Mur3m
—> Mur 6m
800+t <«—< Mur 3m demolition | |
2? 600
£
g
1 400t
2
200}
055 55 60 65 70
time(h)

106 Réunion Pléniere EUREQUA, 30-31 octobre 2014, Toulouse



These Noélie Daviau
La campagne de mesures EM2PAU : présentation

Nantes, de mars a juin 2011
Documenter la circulation dans un canyon avec effets thermiques

® [FSTTAR (Institut Francgais des Sciences et Technologies des Transports, de
I’Aménagement et des Réseaux)

® LHEEA (Laboratoire de recherche en Hydrodynamique, Energétique et
Environnement Atmosphérique de I’Ecole Centrale de Nantes)

® CSTB (Centre Scientifique et Technique du Batiment)

® Laboratoire d’Acoustique de I'Université du Maine

FIGURE: Vue aérienne du site de EM2PAU ; FIGURE: Radiométre isolé ;
Source : [Athamena(2012)] Source : [Athamena(2012)]






La campagne de mesures EM2PAU : I'installation

® 2 blocs de 4 conteneurs pour simuler un canyon urbain
® M\esures de températures (parois, sol, air)
® M\esures de vent

e Mesures de rayonnement (direct, diffus, global)

hé{mgured temperatures in the EM2PALD street canyon

8 Facade Ouest Fagade Est
s e EE] 0.8m 0,8m
West % East 12 -
4 ; s o8 0 oq " Gs:; 52 51 o
b ° q H . 4 m *
8 3 . 102 Containers * * Containers
E p g 3 Nord-Ouest
£ ] | o ) 295 . sl ss " 5 Nord-Est
® 350
L o 0 n,95 m‘ ‘ *
1 ® 27
b . q
: ‘ & —= >
. 2,4m 3,6m
M1 2 3 a4 5 & 7§ ¢ ‘ Anémométres Soniques 3D

(EL) Mesures de températures a (])) Mesures de vent dans le canyon et a 10m
1

5h le 06/04/11 d’altitude; Source : [Athamena(2012)]

FicURrE:



Analyse des mesures de EM2PAU

Effets dynamiques observés

ﬁ
3 4 5 fi 7 West East
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(b) Vitesse verticale aux soniques (d) Direction € [0,43] ou

(223, 360]
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Un modele de batiment a coupler avec Code__Saturne :

® [ogiciel développé

par EnerBat de EDF

® Discrétisation des
parois en plusieurs
couches

® Librairie
permettant une
modélisation 1D
du batiment
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FIGURE: Représentation d’un conteneur avec

HVAC



Couplage de Code Saturne avec BuildSysPro

Python BuildSysPro

Lecture des matrices « Matrices descriptives du batiment
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Conclusions and perspectives

Cities are warming faster than the average atmosphere (ground level)
IR is important for UHI (Tmin) (and for energetics?)

high T spatial variations within the neighborhood :

— small in late night

— much more pronounced during the day, depending on location

— important effect of vegetation,

IR anisotropy is very pronounced, above 20°C in some area & also strongly
dependant on location.

Pollution has a potentially important impact on urban solar and IR budgets

Micro-scale, obstacle resolving meteorological models (=“atmospheric CFD”)
can reproduce meteo fields and pollution at neighborhood scale

Potential of coupling micro-meteorological with building models (at least for
checking simpler models) and providing BCs for building models



