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Detailed, high resolution, 3D numerical simulations are used to study short episodes of local urban
climate and pollution dispersion in the neighborhood of Bordelongue in Toulouse in the framework
of the French ANR project EUREQUA [1]. These urban areas consist of various types of buildings
and obstacles: house districts, tower blocks, highway, some local streets, vegetation areas, etc. The
3D geometry of this urban area was constructed with an in house tool developed around the open-
source geometry and mesh generator Salome P latform, based on the available geophysical data
SIG from the French geographical institute (IGN). The open-source computational fluid dynamics
(CFD) code Code Saturne, with the atmospheric option developed at CEREA, was used to carry
out the simulations. The atmospheric model already implemented solving the Navier-Stokes equa-
tion with a k− ε turbulent model is used to compute the air flow in the urban area. The vegetation,
principally composed with trees, is considered as a porous layer which induces a drag force to the air
flowing through it. The same porous approach is used to model the surrounding neighborhoods as
well. The pollutants of the local traffic emissions are considered as passive scalars, which are solved
by the transport equations, transported by local winds and dispersed by local turbulence. The global
meteorology condition is taken into account using results from mesoscale simulations performed over
the region by using the Meso-NH code and the TEB urban parameterization. The simulation re-
sults of the air flow and pollution dispersion are compared with the various measurements obtained
with fixed stations especially set up in the area during the campaigns. These measurements and
simulation results will also be compared with sociologically analyzed results based on the subjective
perceptions of the environment (based on questionnaires) by the local residents during the cam-
paigns. The numerical tool and collected results can be used for future studies of urban renewal
scenarios.
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I. INTRODUCTION

The accurate modeling and prediction of air quality in urbain areas remains a challenge, although large advance
in computational fluid dynamics (CFD) techniques have been achieved during several decades. It is mainly due to
complexity of the whole urbain system, especially in the areas composed of various types of buildings from small
houses to skyscrapers and other urbain facilities, such as highway, local streets, vegetation areas. If we want the
details at the neighbordhood lever, the CFD simulation involves various parameter choices such as the simulation
domain extent, the level of detail of the obstacles geometric representation, the turbulent modeling method and the
corresponding coefficients or parameters, the numerical discretization schemes. Several practice guidelines [2–6] were
published to facilitate the set up of numerical simulations. The CFD technique was adopted by the Dutch Wind
Nuisance Standard (NEN 2006a) in 2006 to evaluate the urban wind comfort and wind safety besides the traditional
wind tunnel experimentation. It can be considered as a milestone for the acceptance of CFD as a tool in urban
micro-meteorology simulation.

The Reynolds-Averaged Navier–Stokes equations (RANS) and Large Eddy Simulation (LES) are the two approaches
widely used today for the atmospheric simulation in micro-scale. Grome et al. [7] studied the pollutant dispersion
in a street canyon by both simulation and wind tunnel measurement. Moonen et al. [8] run the RANS and LES
simulation and proposed the ventilation potential as an indicator to characterize the pollution dispersion in a street
canyon. Solazzo et al. [9] proposed a new parameterization of k-ε model to compute the air pollution in the idealized
canyon street by meeting the results of wind tunnel experiment. Tominaga and Stathopoulos [10] made a comparison
of RANS and LES results for the pollution dispersion modeling in a street canyon. Canepa et al. [11] compared
different models studying the downwash effects on dispersion of airborne pollutants behind the buildings. Blocken
et al. [12] compared their simulation by FLUENT with the field exprimental results about the pollution dispersion
around an isolated building. Chu et al. [13] computed the pollutants dispersion inside the Sham Shui Po district in
Hongkong by using CFX. Hanna et al. [14] applied five CFD models using RANS, LES, Finite Volume Method or
Finite Element Method to calculate the air flow and particle tracer dispersion around the Madison center in downtown
Manhattan. Gousseau et al. [15] compared the RANS and LES approaches to study the near-field pollutant dispersion
on a high-resolution grid for a building group in the downtown of Montreal in Canada. Blocken et al. [16] studied
the wind comfort and wind safety in the Eindhoven University campus, using FLUENT with the 3D steady RANS
approach. Liu et al. [17] used LES Lagrangian dynamic model (LDM) to simulate the pollutant dispersion from
traffic emission in the Rua Do Campo District in the downtown of Macau, and compared their result with the local
observation. For all the simulations of the real urban areas cited above [13–17], the wind direction is almost constant.
As far as we know, seldom simulation of urban atmosphere was carried out in the real complex meterological condition
with changing wind direction and amplitude, as well as including real stratification conditions differences between day
and night.

The EUREQUA project financed by the French Research Agency (ANR, BVD program) involves experts from dif-
ferent scientific fields, such as sociology, meteorology, architecture, environmental sciences, acoustics, fluid mechanics,
to carry out an inter-disciplinary analysis, in the purpose of developing some scientific tools or criteria for a better
assessment of the urban comfort for urban inhabitants. The residential areas of Saint Marcel in Marseille, Bordelongue
in Toulouse and Bagnolet in Paris were selected as research objects. The CFD technique was chosen as a way to
evaluate the air quality in the these urban areas along with the local measurement campaigns realized during the
periods 2013-2014. In this paper, we present our numerical simulation results for the area Bordelongue in Toulouse.

The paper is organized as follows. The geometry and mesh generation details are first presented in section II,
followed by the numerical set up in section III. Then the numerical results are presented and compared with local
measurements in section IV. At last, a conlusion and several perspectives are given in section V

II. GEOMETRY AND MESH GENERATION

As shown in Figure 1 (a), the zone of Bordelongue in Toulouse is made of various types of buildings and obstacles:
house districts, tower blocks, highway, some local streets, vegetation areas, etc. The geometry of this urban area is
based on the available geophysical data SIG from the French Geographical Institute (IGN). The mesh was constructed
with an in house tool developed around the open-source geometry and mesh generator Salome P latform. It follows
several steps: first of all, the less interesting obstacles around the selected area and too small obstacles, whose size are
less than 4 m of one side were eliminated from the orginal shapefiles. Then, several algorithms, such as Visvalingam-
Whyatt, Ramer-Douglas-Peuker, convex envelope were used to simplify the geometry of the buildings, under the
consideration of a 2 meter minimum resolution in space. At last, the mesh was constructed by using the python
script [18] with the software Salome P latform. The final mesh is shown in Figure 2, where a circular domain is used
to avoid the numerical problem at the boundaries often encountered when the wind direction changes in case of a
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(a) (b)

FIG. 1. (Color online) (a) Urban morphology of zone Bordelongue (from Bing Map Image), (b) The simplified shapefiles of
selected obstacles and facilities in the area.

(a) (b)

FIG. 2. (Color online) (a) Mesh, (b) Zoom: central area of the mesh.

rectangular domain.

III. NUMERICAL SET UP

The open source CFD code Code Saturne [19] is employed to carry out the simulation. The dry atmosphere
option is activated solving the Navier-Stokes equations for the air flow and the transport equations for the potential
temperature so as to take into account the thermal effects. The modified k-ε model is used for the turbulence modeling.
Details of the numerical methods of the dry atmosphere option of Code Saturne can be found in [20]. Besides the
general set up, a porous model is introduced in the code to represent the effects of the vegetation area and surrounding
urban canopy layer. The pollutants of local traffic emission NOX are considered as passive scalars, transported by
local winds and dispersed by local turbulence, which are solved by the transport equation. By taking the advantages
of available data obtained during the campaigns, an experimental data based boundary layer model is implemented
for the thermal and passive scalars boundary condition set up. Details of these modifications are presented as follows:

A. Porous model for vegetation and surrounding canopy layer

In our simulation, the geometry of the buildings in the core area of the neighborhood Bordelongue are explicitly
taken into account. However, the vegetation and surrounding canopy layer cannot be treated in the same explicit
way, due to the computational cost. Therefore, the porous model approach is used to model the effects of vegetation
and surrounding buildings. This approach was initially proposed by Katul et al. [21] and introduced in CodeSaturne
by Zaidi et al. [22]. It consists of introducing a drag forcing source term in the moment equation of the Navier-Stokes
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equations as Eq (1), a kinetic turbulent energy production term Eq (2) and a source term of the turbulent energy
dissipation equation as Eq (3). Details of the coefficient choices can be found in [22].

Su = −Cdαu2 (1)

Sk = Cz(βpu
3 − βduk) (2)

Sε = Cz

[
Cε4βp

ε

k
u3 − Cε5βduε

]
(3)

In practice, the 3D volumes containing the grid cells of vegetation (green areas in Figure 2) and surrounding canopy
layer (yellow region in Figure 2) are generated by Salome P latform during the mesh generation process. Since the
SIG data, i.e. shapefiles, provides only the 2D contours of the vegetation regions, a mean height should be set. In our
simulation, only tall trees are considered, so the mean height of the trees are set to 15 meters as shown, according to
the estimation based on the pictures taken during the field campaigns. For the surrounding canopy layer, a circular
band with the interior radius of 450 meters, the exterior radius of 1000 meters and the height of 6 meters is generated.
During the computation, the additional source terms are applied to the grid cells inside the selected 3D volumes with
respect their nature. The parameter choices are: Cd = 0.2 and α = 0.5 for the vegetation area, and Cd = 0.2 and
α = 0.6 for the surrounding canopy layer.

B. Initial and Boundary Conditions

The meteorological profiles obtained from the code Meso − NH performed by Meteo-France over the region was
used as boundary conditions at the edges of the simulation domain. The profiles contains the real temperature
(Celcius) and wind components u and v (m/s) as functions of the altitude. Based on the Monin-Obukhov theory
for atmospheric boundary layer, k and ε were re-calculated as a function of altitude. Due to the coarse grid used
in meso-scale simulation, the meteorological data were interpolated in space and in time so as to fit for our spatial
and temporal resolutions. The spatially interpolated meteorological data at the first instance is used as the initial
condition for the flow inside the domain.

The no-slip boundary condition is imposed at the solid walls, i.e. building walls and tops, surfaces of highway and
streets, etc, with a turbulent rough boundary layer law [20]. The boundary condition for the potential temperature at
the solid walls are imposed using the experimental values obtained from the infrared pictures taken during the field
measurement campaigns. During the campaigns, infrared images were taken at several observation points in the eight
directions (North, Northeast, South, Southeast, East, Northwest, West and Southwest) as well as that of the ground
every 3 hours. The brightness temperature can be deduced from these images. A mean value in each direction (N,
S, E, W, Sw, SE, NE, NW or ground) is obtained by averaging the brightness temperatures at different observation
points but at the same time of measurement. A temporal interpolation then is applied to obtain a continuous temporal
variation of the brightness temperatures. Moreover, since the walls of buildings have various orientations in space, an
angular interpolation is used to calculate the corresponding wall temperature at each boundary surface of grid cells
as shown in Figure 3, under the assumption that the difference between the surface temperature and the brightness
temperature is negligeable.

The effects of the noise barriers on the pollution dispersion installed on both sides of the highway are studied in
the EUREQUA project, so as to compare with one possible urban renewal scenario: enhancing the height of the
noise barriers. Since the width of the noise barriers is far less than the minimum spatial resolution, i.e. 2 meters,
the geometry of the noise barriers can not be explicited in our simulation as the buildings. Therefore, the thin wall
functionality available in the Code Saturne is adopted to meet this objective. In practice, the thin wall functionality
impose some given values at both sides of the interface between the mesh cells, which are located at the position of
the noise barriers. Those given values are imposed as the same way as velocity and wall temperature imposed for the
regular boundary walls, i.e. building walls, etc.

C. Pollution modeling

The pollutant are considered as passive scalars and solved by the scalar transport equation. The local pollution
emission is principally due to traffic of the highway and local streets, which pass through the neighborhood. The
traffic volume data shows that the highway traffic is 20 times more important than that of Seysses street and other
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(a) (b)

FIG. 3. (Color online) Imposed temperatures at the solid walls at (a) 4h in the morning and (b) 15 in the afternoon of April
9th, 2014.

even more narrow local streets (Figure 5 (a)). A source term is added for the first layer grid cells next to the boundary
surfaces of highway and other 4 local streets (colored in Figure 2 (b)). We suppose that traffic emission is a linear
function of traffic volume: every 150 vehicles correspond to 1 mg/m3 emission of NOX . Another important source
is the background pollution from surrounding areas from the rest of Toulouse city. To take this effect into account, a
Dirichlet condition of pollutant concentration measured at the ORAMIP station “Jacquier” to the north of the area
is imposed as the inlet boundary condition at the bords of the domain. For the outlet boundary condition, a zero
Neumann condition is used at the edges. On the solid surfaces, a zero flux condition along with a rough boundary
layer law is used as the boundary conditions for the scalars.

IV. NUMERICAL RESULTS

The simulation was carried out for the period of April 8th-10th, 2014 (total 72h), when a field measurement campaign
took place in the neighborhood Bordelongue, so that the simulation results can be compared with experimental data
obtained during the 3 days. Due to some technical difficulties that occured during the measurement campaigns, only
part of the measured data were recorded and exploitable. Therefore, we only present here the results of the day, April
9th, 2014.

A. Wind field evaluation

We first check that wind field is correctly reproduced by our simulation, compared to the global meteorology
condition: one from the code Meso − NH imposed as boundary condition, the other from the local meteorological
station installed on the top of Residence Enzo Goreas, a 16 meter high building in the area. Figure 4 shows the
wind direction follows correctly the imposed wind direction, but the wind speed is a bit overestimated compared
to the imposed value (Meso − NH). Compared to the local measurement, there exist several short periods, the
wind direction is not reproduced correctly, since the Meso−NH meteorological data as input is not correct in these
periods. Moreover, Meso − NH seems already overestimate the wind speed. The overestimation of wind speed by
Code Saturne seems even more important.

B. Pollutant dispersion

One air quality ORAMIP station was installed in the neighborhood of Bordelongue at the location “Ecole Tabar”.
It measured the pollutant NOX concentration until 9h in the morning of April 10th, 2014. The comparison of the
NOX concentration predicted by our simulation at this location with respect to the measurement made at “Ecole
Tabar” station is presented in Figure 5 (b) for the day of April 9th, 2014. A good agreement is obtained. It shows two
pollution peaks: one in the morning around 9h, another in the late evening around 22h. Figure 6 shows the pollutant
concentration in a horizontal plane 2 meters above the ground at four different instances of the day April 9th, 2014,
which correspond to the extrema in Figure 5 (b). Compared with the timeseries of traffic volume of the highway and
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(a) (b)

FIG. 4. (Color online) Comparison of the wind field produced by Meso−NH and Code Saturne, as well as the measurement
at a local meteorological station on the top of Residence Enzo Goreas.

(a) (b)

FIG. 5. (Color online) (a) Traffic volume of the highway and the Seysses street passing through the area, (b) Comparison of
the pollutant concentration NOX between the results obtained by Code Saturne and the local measurements at the ORAMIP
Station “Ecole Tabar”.

Seysses street in Figure 5 (a) and the pollution map in Figure 6 (b), we can see that the first peak in the morning in
Figure 5 (b) corresponds to the traffic peak of the highway with a southwest wind. Figure 6 (d) suggests that the
second peak in the evening at the station is also due to the high way traffic pollution with a southwest wind, although
the traffic volume is less important than that during daytime. Figure 5 (a) and Figure 6 (a) shows that the minima
at 2h in the early morning seems corresponding to a very low traffic volume of the highway and a weak wind speed
meteorological condition. However, the comparison of Figure 5 (a) and Figure 6 (c) suggests that the minima in the
afternoon around 15h is merely due to wind coming from the northeast.

Figure 7 shows the pollutant concentration at two times (9h in the morning and 15h in the afternoon) in two
planes: one at the level of 0.5 meter abover the ground and the other in the vertical plane around the location “Point
Tabar”. Compared with Figure 6 (b) and (c), it shows that the noise barriers have no significant effet on stopping
the pollutant dispersion when the wind direction is perpendicular to the highway (Figure 7 (a)). However, when the
wind direction is parellel to the highway, the noise barriers seems to be able to isolate the pollutant (Figure 7 (b)).

V. CONCLUSION AND PERSPECTIVES

A numerical simulation of wind, thermal effects and pollution dispersion for the urban neighborhood of Bordelongue
in Toulouse is carried out using the open source CFD code Code Saturne. The dry atmosphere option with modified
k− ε model is used to simulate the turbulent air flow. The obstacles such as tower blocks, small houses are explicitly
modeled in the core area of the simulation domain. The effects of the vegetation areas and surrounding urban canopy
layer are taken to account by introducing a porous model in the code. Thermal effects of the buildings and ground,
as well as background pollution coming from the rest of Toulouse city were also included by introducing a model
based on the experimental data for the thermal and passives scalar boundary conditions. The simulation shows a
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(a) 2h (b) 9h

(c) 15h (d) 22h

FIG. 6. (Color online) Pollutant concentration at the level of 2 meter above the ground at four different instances of the day
April 9th, 2014 in the neighborhood Bordelongue.

(a) 9h (b) 15h

FIG. 7. (Color online) Pollutant concentration in two planes: one at the level of 0.5 meter above the ground and the other in
the vertical plane around the location “Point Tabar”.

good agreement with the experimental data measured at the ORAMIP station “Ecole Tabar”. The simulation results
suggest that the pollution in this neighborhood is mainly due to the traffic emission of the highway passing through
it. It is also shown that the 3 meters high noise barriers have limited effects on stopping the pollutant dispersion.
The results can serve as a reference for the urban renewal project for this neighborhood, which is actually under the
discussion with the inhabitants.
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Hidalgo, Sophie Hoornaert, Juliette Lafille, Julien Le Bras, Jean-Pierre Levy, Stéphane Ludwig, Sabrina Marchandise,
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