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INTRODUCTION
It is of utmost importance to evaluate the distribution of the pollutants emitted by the industrial facilities
to verify their compliance with the environmental regulation and their harmlessness to health in normal
conditions or to estimate their health impact on the surrounding population in adverse conditions.
Still nowadays, Gaussian-type models are commonly used to evaluate the dispersion of pollutants.
Yet, such simplistic models are inappropriate to properly assess the impact on health and the environment
as shown in the framework of the COST Action ES 1006 (Armand et al., 2015; Baumann Stanzer et al., 2015).
Contrarily, 3D models provide a better insight into the consequences of normal and accidental releases
(Armand et al., 2014, 2016, 2017, 2019). Thus, we have developed a generic and flexible high resolution
modelling system cascading up and down from meso- to local scale and from outside to inside plants .
This paper presents an original application of our 3D modelling system to check that the normal operating
conditions of the industrial facilities at a built-up site on a rugged terrain do not have any impact.
(As a first step of the work, the presentation focuses on the 3D multi-scale meteorological study.)
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PRESENTATION OF THE STATIC DATA
The 3D digital mock-up gathers the local scale features of the site.

Site topography

The simulation domain has horizontal dimensions of 13 km x 14 km.
The numerical model of the terrain is issued at a resolution of 5 m
by the French National Geographic and Forest Institute (RGE ALTI®).
The hilly landform is characterized by a central plateau at a max.
altitude of 500 m with deep valleys at a min. altitude of 300 m.

Site tree crown cover
The vegetation data are available at a resolution of 20 m.
The height of the trees is in the ECOCLIMAP-SG data base.
The buildings on the site are distributed among two domains.
Buildings are also considered in four villages between 3 and 7 km,
where environment monitoring stations are set up.
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WIND ROSE FROM MEASUREMENTS ON THE SITE
The site is equipped with a meteorological mast

Site wind rose 2018

measuring every minute the wind speed and
direction at 10 m and the air temperature at 2 m.
The wind rose was elaborated by sectors of 10°
with the data of the year 2018 (availability 96%).

Over all velocities, the 250° sector has the larger
occurrence (>5%) followed by the 0° sector (~5%).
Over all directions, winds less than 1 m/s have an occurrence of 14%,
winds between 1 and 3 m/s of 55%, winds between 3 and 8 m/s of 23%,
winds between 5 and 8 m/s of 7% and winds more than 8 m/s of 1%.
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MESO-SCALE METEOROLOGICAL STUDY (1/2)
AROME grid points
AROME is a Météo France high resolution atmos. model
providing weather forecast with a lead-time of 36 hours
refreshed five times per day.
AROME hourly data projected on a regular mesh with
a resolution of 0.025° are archived for the studied site.
At the latitude of the site, the resolution is about 2.7 km
and 1.9 km in the respectively SN and WE directions.
The figure on the right shows the locations of the 9 x 5 = 45 points
of the AROME grid over the domain of 13 km x 14 km centered on the site.
AROME data are computed at 25 levels from the ground to 3,000 m.
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MESO-SCALE METEOROLOGICAL STUDY (2/2)
Wind speed and direction have been compiled along 2018

Wind roses at 1,000 m (top) and 10 m (bottom)
elaborated with AROME data

to establish wind roses in 5 velocity and 36 direction classes
(like for the wind rose of the mast) at each point of AROME grid.
At 1,000 m, the roses are identical with winds from SW and NE.
At 10 m, the topography has an influence on the wind regimes.
o

The velocity at 10 m is weaker on average than at 1,000 m.

o

None of the 45 roses at 10 m is similar to the roses at 1,000 m.

o

The wind velocity is weaker on average at the S and E forested
areas compared to the N and E more open areas of the domain.

o

The main wind directions significantly vary inside the simulation
domain, which extends only some tens of km2 around the site.

As some valleys around the site have a width of 1 km of less,
it is not obvious that they are correctly resolved at 0.025°.
Simulations have been carried out using WRF model at 1 km.
Yet, WRF has a systematic bias of wind velocity overprediction
and AROME is more consistent with the mast measurements.
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MICRO-SCALE METEOROLOGICAL STUDY (1/3)
PNSWIFT simulation domains
The horizontal resolution of the meso-scale flow computations is ~1 km,
not enough to simulate the dispersion around and in-between buildings.
Thus, the AROME hourly results have been downscaled for the whole
year 2018 using PMSS modelling system (Tinarelli et al., 2013), which
benefits from an efficient parallelization (Oldrini et al., 2017; 2019)
and was thoroughly validated against wind-tunnel and in-field trials
(Trini Castelli et al., 2018; Oldrini and Armand, 2019).
The figures on the right illustrates the PNSWIFT 13 km x 14 km domain
centered on the site with a resolution of 20 m, and six nested domains
at a resolution of 2 m, where the buildings are explicitly accounted for
(high part and low part of the site and four villages).
Micro-scale computations in the villages aim at identifying a potential
influence of the buildings on the measurements at these places.
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MICRO-SCALE METEOROLOGICAL STUDY (2/3)
Wind roses were elaborated using all hourly PNSIWFT results of 2018 in the domain at a resolution of 20 m.
The vegetation is influential in the forested areas with high proportions of weak winds compared to open terrains.
The roses differ in shape even at distances of only tens or hundreds meters from the mast.
While the three main wind originating directions (W, NE and SE) of the AROME data are retrieved near the mast,
they are replaced by SW and NE directions at 200 m E of the mast or by W and E directions at 250 m NE of the mast.

PNSWIFT wind roses
at 10 m for 2018
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MICRO-SCALE METEOROLOGICAL STUDY (3/3)
The figures below show the wind field at two timeframes exemplifying contrasted meteorological situations.
On the site, the buildings are at distances from each other large enough that their wakes do not interact.
Contrarily, the old buildings in the village are close to each other inducing a more complex wind flow.
PNSWIFT at 20 m resolution

PNSWIFT at 2 m resolution
(high part of the site)

PNSWIFT at 2 m resolution
(village with a monitoring station)
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COMPARISON OF AROME RESULTS AND MEASUREMENTS (1/2)

AROME data at the closet to the meteorological mast grid point have been systematically compared
and proved to be consistent with the observations on the mast at 10 m above the ground.
Yet, the comparison is between the hourly outputs of the model and high frequency observations;
to get more comparable data, “minute” measurements on the mast have been averaged over one hour.

Wind speed and direction computed by AROME and measured on the mast for two three-day periods
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COMPARISON OF AROME RESULTS AND MEASUREMENTS (2/2)

Figures on the right show the distribution of the gap between
the AROME wind direction (top) and velocity (bottom) results
near the mast and the one hour averaged wind measurements
on the mast for all data along the year 2018.
Across all wind velocity classes, the average gap is +6.9°
not depending on the wind velocity, but depending on the wind
direction, perhaps due to the influence of neighboring obstacles.
Across all wind velocity classes, the average gap is only +0.02 m/s,
proving the agreement of AROME computations with observations
N.B. Weak (high) wind velocity results are over- (under)estimated
by AROME. This could be explained by the insufficient horizontal
resolution of the model which can only partly reproduce the local
flow features and the hourly temporal resolution of the model
which tends to average the highest wind velocities.
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COMPARISON OF PNSWIFT RESULTS AND MEASUREMENTS (1/2)

PNSWIFT data at the closet to the meteorological mast grid point have been systematically compared
and proved to be consistent with the observations on the mast at 10 m above the ground.
For the same three-day periods arbitrary chosen to compare either AROME or PNSWIFT results with
the measurements, the wind direction and the wind speed match the observations very well.

Wind speed and direction computed by PNSWIFT and measured on the mast for two three-day periods
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COMPARISON OF PNSWIFT RESULTS AND MEASUREMENTS (2/2)
Figures on the right show the distribution of the gap between
the PNSWIFT wind direction (top) and velocity (bottom) results
near the mast and the one hour averaged wind measurements
on the mast for all data along the year 2018.
Across all wind velocity classes, the average gap is +7.8°.
In comparison with AROME results, the PNSWIFT simulations
at the resolution of 20 m improve the wind direction prediction
versus the observations for winds stronger than 3 m/s ;
yet, the prediction is not improved for winds less than 1 m/s.
Across all wind velocity classes, the average gap -0.72 m/s.
In comparison with AROME results, the weak winds are better
predicted by PNSWIFT, but it is not the case for the strong winds.
PNSWIFT spatial refinement better accounts for topography.
Yet, as PNSWIFT uses the larger scale AROME data, the hourly
average seems to slow down the strongest winds.
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CONCLUSIONS
Studies for regulatory purposes must be carried out to evaluate the impact of atmospheric releases on
the environment and human health. Most of these studies still rely on Gaussian-type dispersion models.
Yet, most of the facilities emitting releases in normal operation or in case of an accident are characterized
by complex environments inducing local or regional effects, which request a 3D modelling approach.
This is precisely the case of the site considered in this study as an example, of which the 3D digital mock-up
has been developed using high resolution static data (relief, land use, buildings on site and of the villages…).
The meteorological conditions have been reconstructed for a full year at hourly resolution with the WRF and
AROME meso-scale models and downscaled with the PNSWIFT flow model inside PMSS modelling system.
o

At micro-scale, the flow is resolved at 20 m in the 13 km x 14 km domain and at 2 m in the nested built up domains.

o

Annual wind roses are drawn at each model grid points enlightening large discrepancies even for neighboring points.

o

AROME and PNSWIFT results satisfactorily compare with the measurements at the meteorological mast on the site.

This study confirms the interest to leverage multi-scale weather models to correctly account for site effects
as 3D flow simulations are essential to predict the pollutants distribution and assess their harmlessness.
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