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Abstract. Atmospheric boundary layer (ABL) turbulent processes in the Paris area have been docu-
mented in the framework of the Étude de la Couche Limite en Agglomération Parisienne (ECLAP).
Under anticyclonic conditions, simulations are made with a ‘column’ modelling approach, based
on the three-dimensional version of the non-hydrostatic mesoscale model MERCURE restricted to
a small domain. This ‘column’ model uses existing state-of-the-art surface-layer parameterizations
(the addition of the convective velocity scale to the mean wind speed in near free convection periods,
the prescription of the effective dynamical roughness length as well as a differentiation between dy-
namical and thermal roughness lengths). To ensure the representativeness of the comparison between
measurements and simulations, the dynamical and thermal effective roughness lengths characterizing
the experimental site are prescribed explicitly in the model, using sonic anemometer measurements.
We show that the parameterizations implemented in MERCURE for this study enable a good descrip-
tion, by the three-dimensional model, of the observed complex ABL dynamics. We also show that
in the region of Paris, the synoptic scale and mesoscale dynamics can have a dramatic impact on the
ABL dynamics and turbulent processes at the local scale. This study is a first attempt at improving
our ability to predict meteorological factors affecting urban air quality.
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1. Introduction

As in many big cities throughout the world, pollution levels in the Paris area due
to traffic and industries have become a major health issue. However, until recently,
no comprehensive dedicated study of the processes leading to the severe pollution
episodes experienced in this area, especially in anticyclonic conditions, has been
undertaken.

The topography of the Paris area is not, in itself, an aggravating factor for pol-
lution as opposed to other well documented urban areas such as Athens, Mexico or
Los Angeles, for example. Moreover, Paris is located sufficiently far from the sea
not to experience coastal circulations. Terrain and thermally forced circulations
are weak. As a result, conclusions that have been drawn from projects devoted
to the study of meteorological conditions favorable to high pollution levels in
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urban areas taking place in coastal or/and mountaineous regions do not apply over
Paris. As discussed by Steyn (1996), the meteorological conditions prevailing in
these urban areas are often non-urban phenomena such as sea-land breezes or
downslope-upslope winds.

The Étude de la Couche Limite en Agglomération Parisienne experiment
(ECLAP) (Dupont et al., 1999; Menut et al., 1999) took place in the region of Paris,
from November 1994 to March 1995, with two objectives: (i) to characterize the
atmospheric boundary-layer (ABL) dynamics and turbulent processes in a region in
which they do not combine with geographically-induced effects; and (ii) to provide
well-documented episodes of pollution for numerical simulations.

Some highly polluted situations, having occurred over the Paris area, were sim-
ulated using the three-dimensional mesoscale model MERCURE (Dupont et al.,
1995). Dupont et al. (1995) concluded, at the time, that their study was critically
impaired by the lack of experimental data in that region, and that operational
data could not provide the resolution needed for local and regional air quality
studies. On the other hand, one has to be careful when comparing results from
tridimensional simulations with measurements made on a specific instrumented
site.

The impetus for this study is to test the suitability of a mesoscale model such as
MERCURE for local air quality studies, using the large experimental data set col-
lected during an intensive observation period (IOP) of ECLAP on the instrumented
site of Palaiseau (a suburban site located 25 km south of Paris).

The objective of this paper is to show that, under anticyclonic conditions,
24 hour simulations of the ABL dynamics and turbulent processes (relevant to local
pollution studies), with a simple prognostic modelling tool (a three-dimensional
‘column’ approach, using MERCURE over a small domain), can be greatly
improved when combined with existing state-of-the-art surface layer parameter-
izations. The surface parameterizations implemented in MERCURE for this study
include the addition of the convective velocity scale to the mean wind speed in near
free convection periods (Beljaars, 1994), the prescription of the effective dynamical
roughness length (Mason, 1988) as well as a differentiation between dynamical and
thermal roughness lengths (Mascart et al., 1995).

First, we present the IOP of ECLAP on which we focused, as well as the in-
strumentation on the site of Palaiseau. Then, we describe briefly the MERCURE
model and the surface-layer parameterizations it uses. Consequently, we discuss the
modifications made to these parameterizations in order to better describe the ABL
dynamics and turbulent processes observed in Palaiseau. Finally, we present and
discuss the simulations obtained with the modified surface-layer parameterizations.
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Figure 1. Synoptic map of the region of interest, showing the location of ECLAP experimental
sites (Paris, Palaiseau and Trappes). Superimposed are the surface wind fields measured on M14
at 0600 UTC (dark arrows) and 1000 UTC (grey arrows). Units for the x and y axis are expressed in
kilometres.

2. IOP 10 of ECLAP

During ECLAP numerous instruments were deployed at two specific sites: the
École Polytechnique in Palaiseau and the University Pierre and Marie Curie (also
known as Jussieu), located in the centre of Paris and classified as a strongly
urbanized site (Figure 1). Here, we will focus on Palaiseau only.

IOP 10 was the best documented of all ECLAP IOPs, with all available instru-
ments running at the same time. In Palaiseau, a large number of instruments were
co-located within a distance of 500 m. These include remote sensing instruments (a
research backscatter lidar and a commercial sodar), two sonic anemometers located
on a mast at 10 and 30 m above the surface, a pyranometer and a pyrgeometer, as
well as an automated Météo-France mesonet station placed at 2 m above the ground
and instrumented with temperature, humidity and wind sensors. Finally the near-by
meteorological station of Trappes provided the synoptic soundings.

The intensive observations during IOP 10 were performed on March 13 and 14,
1995 (from now on referred to as M13 and M14). On M13, the surface analysis
shows two high pressure systems, one located over the Azores (1030 hPa) and the
other over Siberia (1060 hPa), creating a ‘bathymetric swamp’ over France, with
isobars oriented almost east-west. The surface pressure in northern France is in
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Figure 2.Horizontal wind speed and direction as measured by sodar at Palaiseau on M14. At each
point, the vector indicates the wind direction (as on a compass) and magnitude. Note the sudden
change in wind direction, at about 0800 UTC, caused by the passage of a cold surface front.

the 1020–1025 hPa range. At Palaiseau, the synoptic flow was from the Northeast
throughout the day. The depth of the ABL over Palaiseau reaches a maximum of
950 m at 1500 UTC. On M14, the combination of a high pressure system over
the Azores and a depression moving from Iceland to Ireland resulted in an abrupt
change in direction of the synoptic flow over Palaiseau at 0800 UTC (Figure 2).
This change in wind direction, from northeast to northwest, was associated with
cold air advection in the lower troposphere (Figure 3). The average cloud cover on
that day was approximately 40%. The ABL development is blocked by the cold air
advection, its depth reaching 450 m at 1600 UTC.

In Figure 3 we show virtual temperature, wind speed and wind direction profiles
measured at Trappes at 1125 and 1145 UTC on M13 and M14, respectively. Since
Trappes is 20 km to the West of Palaiseau, in a suburban environment similar to
Palaiseau, we consider that measurements are representative of the conditions at
both sites.

The ABL is observed to be much colder (by 5 K) on M14 while the temperat-
ure difference in the free troposphere is only on the order of 1.5 K, with similar
gradients. The temperature inversion at the ABL top increases from 2.5 K on M13
to 6.5 K on M14. Wind speed at the surface is small on both days (about 4 m s−1

and less than 2.5 m s−1 on M13 and M14, respectively). Maximum surface sensible
heat fluxes of 0.15 and 0.1 K m s−1 are observed at 1200 UTC on M13 and M14.
At 1200 UTC, the stability parameter−h/L, with h the average ABL depth andL
the Obukhov length, is equal to 5.8 and 6.8 on M13 and M14, reflecting slightly
more convective conditions on M14.
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Figure 3.Virtual temperature profiles, wind speed and wind direction measured by soundings near
Palaiseau, at noon on M13 (solid line) and M14 (dashed line), respectively.

3. Description of the MERCURE model

MERCURE (Souffland, 1985) is a three-dimensional atmospheric mesoscale
model that uses Reynolds averaging for the mean flow characterisation and thek−ε
turbulence closure scheme (Duynkerke, 1988). The surface-layer processes are
parameterized using the analytical formulations of Louis (1979, 1982). The surface
temperature and specific humidity are calculated using Deardorff’s (1978) force re-
store scheme (see Appendix). In this parameterization, a ‘deep’ and a ‘superficial’
liquid water reservoir are considered. We have used the values characteristic of a
rural environment given by Bougeault et al. (1991). The values of the parameters
needed for the simulations of ECLAP IOP 10 are summarized in Table I.

For this study, MERCURE is used in non-hydrostatic and three-dimensional
‘column’ configuration (i.e., on a domain small enough for topography-related
effects to negligible). The simulation domain covers 5× 5 × 11 km3 with a
horizontal resolution of 1 km2. The site of the École Polytechnique is repres-
ented by the central ‘column’. The 16 outer ‘columns’ are used to define the
lateral boundary conditions. The 8 intermediate ‘columns’ act as a buffer between
the outer ‘columns’ and the central ‘column’. Given the low wind speed condi-
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tions encountered on M13 and M14, the simulations in the central ‘column’ are
independent of the prescribed lateral conditions.

The experimental site is surrounded by small buildings, short grass fields and
woods. Because of the small domain size and the calm winds encountered during
IOP 10, the advection processes can be assumed negligible in theory. However,
we did not discard advection in our simulations. Rather, we used the soundings
made in nearby Trappes as boundary conditions for our domain. On the vertical,
the atmosphere is discretized on 30 levels. The first vertical level of the domain is
taken at 10 m. The vertical resolution is gradually increased from 10 m to 1000 m
at an altitude of 3 km, using a geometric progression. Above 3 km, the vertical
resolution is constant and equal to 1000 m. Since a large amount of the meas-
urements against which simulations are validated are made at heights which do
not necessarily coincide with an altitude level of the model grid, the interpolation
scheme of Geleyn (1988) is used to produce fields which can be used for direct
comparisons.

Simulations are performed over a period of 24 hours, with a time increment
of one minute and a spin-up of three hours for a correct turbulence initialization.
The model is initialized using the soundings made in Trappes at synoptic hours
(0000 and 1200 UTC). The forcing fields used are pressure, temperature, water va-
pour mixing ratio and wind components. Turbulence is initialized using a constant
profile of turbulent kinetic energy (TKE), and TKE dissipation.

Initially, the air mass above Palaiseau is characterized by a kinematic molecular
viscosityµ = 1.45 10−5 m2 s−1 (Pielke, 1984) and an air density ofρ = 1.23 kg m−3.
Because the advection processes are taken into account, and given the anisotropy
of the grid, we use a horizontal numerical diffusion coefficient of 5000 m2 s−1 in
our simulations.

TABLE I

Constants used in the model to simulate M13
and M14 at Palaiseau, whereA is albedo,ε is
emissivity,Ts is the initial surface temperat-
ure,Tp is the initial ground temperature, and
Hr is the initial relative humidity.

Day A ε Ts Tp Hr

(◦C) (◦C) (%)

M13 0.25 0.96 8.4 8.0 90

M14 0.25 0.96 7.4 4.4 79
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4. Modifications to MERCURE Surface-Layer parameterization

A number of modifications, designed to improve the ABL dynamics and turbulent
process parameterizations (relevant to local air quality studies) were undertaken
which are now described.

4.1. SURFACE-LAYER PARAMETERIZATION

Recent studies (Beljaars and Holtslag, 1991; Duynkerke, 1992; Garratt, 1992; Mas-
cart et al., 1995; Uno et al., 1995; among others) have shown that the dynamical
and thermal roughness lengths,z0m andz0h, could not be considered identical. The
origin of this difference is related to the diffusion process in the surface layer.
While momemtum is transferred to the surface by pressure forces generated by
the roughness elements (vegetation, obstacles), heat and moisture are tranferred by
molecular diffusion in a shallow layer of depthz0h. On the basis of these studies,
we assume that the buoyancy and moisture roughness lengthsz0h andzoq are the
same.

We have implemented the parameterization of Mascart et al. (1995). This para-
meterization is based on Louis (1979, 1982) formalism. The interpolation scheme
of Geleyn (1988) has also been modified in order to account for the dynamical and
thermal roughness length differentiation.

4.2. ROUGHNESS LENGTH PRESCRIPTION

Some empirical relationships have been proposed to determine the dynamical
roughness length in urbanized sites (Lettau, 1969; Counihan, 1971; Bottema,
1997). They have been tested in wind tunnels by Petersen (1997) and were shown to
rely on a very precise knowledge of the site considered, which is difficult to obtain
at the mesoscale. Pielke (1984), Stull (1988) and Garratt (1992), among others,
reviewed and tabulated various dynamical roughness estimations as a function of
the type of surface (short grass, forest, buildings, etc.. . . ). Tabulateddynamical
roughness lengths are seen to range from 0.7 m to 10 m in urban areas and from
0.04 m to 0.1 m in rural areas.

Our simulation domain around Palaiseau covers a surface of 25 km2 which
mainly consists of grass, woods, buildings and highways. Therefore, the notion
of ‘constant’ roughness length is not valid. Over heterogeneous terrain, the notion
of effective roughness length (Taylor, 1987; Wood and Mason, 1991) needs to be
introduced.

Georgelin et al. (1994) have shown that the method developed by Mason (1988)
for estimating effective roughness lengths could be used in a mesoscale model to
improve the representation of the orographic forcing. They assess these improve-
ments by comparing the simulated trend of the mean wind field (at the mesoscale)
with aircraft measurements made during the Pyrénées experiment (PYREX). In
our case, however, this approach cannot be undertaken since we are using ‘point’
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Figure 4.Effective dynamical roughness lengthze0m as a function of wind direction as determined
from sonic anemometer measurements at 10 m above ground.

measurements made in Palaiseau to attempt to validate simulations made with a
resolution of 1 km2. We have to prescribe explicitly the roughness lengths charac-
terizing the site of Palaiseau in the model in order to test the suitability of mesoscale
models such as MERCURE for local air quality studies.

The anemometer measurements made at 10 m above the surface have been used
to determine the effective roughness lengths, characterizing the instrumented site,
from existing surface-layer parameterizations over homogeneous terrain. This can
only be done in the framework of a ‘column’ modelling approach, and, given the
footprint of the instrument, cannot realistically be extended to more than one mesh.

We have used sonic anemometer measurements for a period ranging from
March 8 to March 15, 1995, in order to have a representative set of data covering
angles from 0 to 360◦. The dependence ofze0m on wind direction is illustrated by
Figure 4. The dynamical roughness length exhibits a variability as a function of
wind direction as previously found in rural areas by Clarke (1987), Beljaars and
Holtslag (1991) and Giannini et al. (1996). This sensitivity is linked to the spatial
heterogeneity of the site. Our results are in agreement with the type of roughness
elements observed at the École Polytechnique: trees (for angles comprised approx-
imately between 0 and 55◦), high bushes (55 to 90◦), short grass (90 to 120◦), high
bushes again (120 to 220◦), short grass again (220 to 270◦) and high bushes again
(270 to 360◦). As a first result, the large variability ofze0m stresses that the choice
of a constant value (generally used in meso-scale models) is not appropriate. In
addition, the values ofze0m are on the order of those found by Grant and Mason
(1990) over a complex terrain similar to Palaiseau. On the other hand, we did not
find any systematic correlation betweenze0m and wind speed. This may be explained
by the small wind speed values measured during IOP 10.
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The same procedure was used to determineze0h. However, no systematic cor-
relation was found with the temperature difference between the height of the
anemometer andz = ze0h or wind direction.

A tenth-order polynomial was fit to the measurements ofze0m as a function of
wind direction (see Figure 4). This polynomial was then implemented in MER-
CURE to provide the simulations with a representative value of the roughness
length at Palaiseau. Following Garratt (1992), the thermal roughness length is
calculated as ln(ze0m/z

e
0h) = 2.

An important point needs to be made here since anemometer turbulent flux
measurements are used to calculate the roughness lengths, which are in turn used
to estimate fluxes that are compared to measurements in order to validate the
simulations of IOP 10. In the parameterization, the fluxes are a function of the
roughness lengths (prescribed as a function of the wind direction), but also of the
wind speed at the height of the anemometer (calculated by the model at the previous
step and interpolated using Geleyn’s scheme), the temperature difference between
the surface and the height of the anemometer (calculated by the model). Therefore,
the measured and parameterized surface fluxes can be considered as independent
shortly after the beginning of the simulations. Since we are using a spin-up time
of three hours to correctly initialize the turbulence in our simulations, we have
considered the measured and parameterized fluxes to be completely decorrelated
and their comparison to be a significant test for simulation validations.

4.3. THE FREE CONVECTION REGIME

In the model, the friction velocity is determined from the wind profile and the
knowledge of the dynamical roughness length. The calculation ofu∗ becomes in-
creasingly sensitive to decreasing wind speed value. In the case of very light wind,
as wind speed approaches zero, we have added the convective vertical velocityw∗
to the magnitude of the mean wind speed, as proposed by Beljaars (1994), in the
form

| U |=
√(
u2+ v2+ (βw∗)2

)
, (1)

whereβ is a constant equal to 1.2 andw∗ is given by

w3
∗ =

g

θ0
(w′θv)sh, (2)

where(w′θv)s is the surface buoyancy flux,g is the gravitational acceleration and
θ0 is a bulk temperature.

In order to obtain a diagnostic estimate of the ABL depth, we used an approach
based on the bulk Richardson number profile (Holtslag et al., 1990; Pleim and Xiu,
1988). The computation of the bulk Richardson number requires knowledge of the
potential temperature and wind profiles which can be calculated by the model at
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each grid point. Gradient profile calculation is initialized at the model first level (z0

= 10 m), rather than the surface, as proposed by Vogelezang and Holtslag (1996).
Menut (1997) has shown that the Richardson profile computed from the surface
(therefore using the calculation of the surface temperature prescribed by Deardorff
(1978)) was an order of magnitude more sensitive to small changes of the force
restore temperature or the surface characteristics (see Appendix for definitions)
than sensible heat fluxes. In unstable conditions, the top of the ABL is selected as
the altitude for which the Richardson number reaches the critical value of 0.21. In
the stably stratified ABL, the ABL depth is calculated ash = 0.07u∗/f (Holtslag
et al., 1990; Pleim and Xiu, 1988). The evolution of the ABL depths obtained from
the simulations will be compared to the lidar and sodar measurements in Section 5.

4.4. SYNOPTIC FORCING

The ABL dynamics and turbulent processes simulated using mesoscale models are
sensitive to the forcing imposed at the ABL top by the geostrophic wind. In the
case of MERCURE, the geostrophic wind is calculated once and for all from the
initialization profile, and conserved through the simulation. In order to properly
account for the changes in synoptic forcing, the evolution of the geostrophic wind
needs to be taken into account. Because the size of our simulation domain is so
small, significant horizontal gradients cannot be calculated. To prescribe the geo-
strophic wind, we define it as the mean value between the top of the ABL and the
next 1000 m up. In order to provide the model with an hourly synoptic reference
state, soundings in Trappes, and so, geostrophic wind values, are temporally inter-
polated. The first sounding is used to initialized the whole domain. After a spin-up
time, hourly meteorological profiles (wind, pressure, temperature and humidity)
and geostrophic wind values are only used to prescribe the boundary conditions.

5. Modelling IOP 10 of ECLAP with a Column Approach

Simulations of the ABL dynamics and turbulent processes on M13 and M14 were
performed with MERCURE, modified as described in the previous section. In this
section, we will present these simulations and compare them to measurements in
order to validate them. Three types of comparisons will be undertaken: comparis-
ons on the diurnal evolution of momentum and heat fluxes at 10 m (height of the
anemometer), comparisons on the diurnal evolution of temperature at 2 m (height
of the Météo-France mesonet station) and comparisons on the diurnal evolution of
the ABL depth.

Since the impetus for the modifications to MERCURE proposed in this article
was the improvement of the ABL dynamics and turbulent process parameterization,
we also have performed a series of simulations with the unmodified version of the
model in order to quantify the contribution of each modification.
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Figure 5. Boundary layer depthh during M13 at Palaiseau. The solid line, crosses and triangles
indicate lidar, sodar and soundings estimates, respectively. The dashed line represent model estimates
from the bulk Richardson number approach.

We start with M13, where we know from observations that synoptic scale for-
cing did not have an impact on ABL dynamics and turbulent processes. On M14,
where we know from observations that synoptic scale forcing did have an impact
on ABL dynamics and turbulent processes, we present two type of simulations: one
which accounts for advection and synoptic forcing (as for M13) and one that does
not account for these processes.

5.1. THE ‘ LOCAL’ DYNAMICS CASE STUDY: MARCH 13, 1995

Figure 5 illustrates the simulation of ABL depth diurnal evolution obtained with
the diagnostic bulk Richardson number method described in Section 4.3. Results
are compared with ABL depth retrievals from soundings, sodar and lidar. Using
soundings, the ABL depth is assumed to be the height of the base of the temper-
ature inversion at the ABL top. ABL depth determination using remote sensing
instruments such as sodars and lidars have provided great insights for improving
our knowledge of the entrainment process taking place at the top of the ABL
(Dubosclard, 1980; Flamant et al., 1997; Menut et al., 1999). ABL depth determin-
ation methods using these instruments need not be discussed in detail here. There
will be considered as the reference against which our simulations will be compared.
As seen in Figure 5, the model overestimates the ABL height during the convective
period. This is the result of the linear interpolation

As the soundings were only available at selected time periods, the model is
forced with linearly re-interpolated fields which reflect a linear combination of the
conditions at 0000, 1200, 1800 and 2400 UTC (see (Figure 5), and not necessarily
the ‘real’ conditions. It can be shown (from Equation (1) and Equation (2)) that
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Figure 6. Comparison between u∗ measured by sonic anemometer, and derived from simulations.
The dashed line represents the simulation with a fixed z0m equal to 1.2 m. The long-dashed line
represents the simulation with a z0m depending on wind direction, with, under unstable conditions,
the convective velocity scale w∗ being added to the mean wind speed.

the relative error onu∗ introduced by a difference in ABL height of 150 m (as
observed at 1200 UTC in Figure 5) results in a relative error ranging from 10 to
20% on the friction velocity. This, of course, is comparable to the errors associated
with theu∗ measurements themselves and will not have an important impact on the
simulations.

The diurnal evolution of the vertical momentum flux is shown in Figure 6.
During the convective period (0800 to 1300 UTC) the contribution ofw∗ to wind
speed amounts to about 25% (not shown) withw∗ reaching 1.5 m s−1 at 1400 UTC.
This prevents the modelled wind speed values from being too small and the error
on flux measurements from being too large. The combined impacts of prescribed
roughness lengths and convective scale addition enables the retrieval of realistic
momentum fluxes in the convective period which are in good agreement with the
measurements. The simulation with fixed dynamical roughness length uses a value
of 1.2 m.

The agreement between modelled and measured sensible heat flux (Figure 7) as
well as modelled and measured temperature at 2 m (Figure 8) is excellent.

5.2. THE COUPLED‘ LOCAL/SYNOPTIC’ DYNAMICS CASE STUDY:
MARCH 14, 1995

The comparisons between modelled and measured sensible heat flux and temper-
ature at 2 m are shown in Figures 9 and 10, respectively. When synoptic forcing is
not accounted for, the force-restore scheme predicts a diurnal surface temperature
evolution close to the one observed on M13.T2m is overpredicted by as much as
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Figure 7.Temporal evolution of surface sensible heat flux at Palaiseau, during M13. The solid line
corresponds to the direct measurement with the sonic anemometer in Palaiseau. The dashed line
corresponds to the simulation with contributions from the wind dependent z0m and the convective
velocity scale.

Figure 8.Same as Figure 7 except for the temperature at 2 m above ground.

5 ◦C during the convective period. While accounting for advection, we are able to
simulate a temperature that is closer, on average, to the one measured. In terms, of
surface sensible heat flux, the evolution modelled between 0800 and 1600 UTC
is in slightly better agreement with measurements, the modelled values being
larger while accounting for advection. Before, 0800 UTC and after 1600 UTC,
the flux modelled with advection is in much better agreement with the measure-
ments than the results from the simulation without advection. In the particular
case of the period between 0000 and 0800 UTC, the synoptic forcing, even though
coarse, informs the model that, near the surface, the wind speed is smaller and the
temperature gradient is larger than those characterizing the initialization profile.
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Figure 9. Comparison between observed and modelled evolution of the surface sensible heat flux
at Palaiseau during M14. The dashed line represents a simulation with w∗ and measured ze0m. The
long-dashed line represents a simulation with w∗, measured z0m and advection (i.e ,synoptic forcing).

Figure 10.Same as Figure 9, except for temperature at 2 m above ground.

6. Summary and Conclusions

The ABL dynamics and turbulent processes that contributed to a pollution increase
in the Paris area during the IOP10 of ECLAP (March 13 and 14, 1995) have been
investigated with a three-dimensional ‘column’ modelling approach (i.e., over a
small domain) using the mesoscale model MERCURE. Simulations are compared
with a wide variety of measurements (sonic anemometers, sodars, lidars, mesonet
stations), relevant to ABL dynamics and turbulent processes, collected on the
specific site of the École Polytechnique in Palaiseau, France.

For this study, in order to ensure the representativeness of the comparison
between measurements and simulations as well as test the suitability of mesoscale
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models such as MERCURE for local air quality studies, the dynamical and thermal
effective roughness lengths characterizing the site of Palaiseau are prescribed ex-
plicitly in the model, using sonic anemometer measurements. Other modifications
to the surface parameterizations in MERCURE are implemented: the addition of
the convective velocity scale in near free convection periods and a differentiation
between dynamical and thermal roughness length. Hourly synoptic forcing are also
added for the three-dimensional version of MERCURE. A determination of the
average ABL depth, based on the structure of the bulk Richardson profile, was
validated using lidar and sodar probing which enabled a diagnostic estimation of
the convective vertical velocity. In periods of important convective activity, we also
found the modelled and measured surface turbulent flux to be in better agreement
when including the convective vertical velocity in the surface parameterizations.

In the case of light winds, without marked temperature inversion, simulations
could reproduce the turbulent processes and the dynamics in the surface layer. In
the case of complex vertical ABL structure, caused by synoptic advection, it was
shown that ‘advection-less’ simulations could not match the observations. This
provides evidence that regional processes may strongly affect microscale meteoro-
logy over the Paris area. The Paris area can be influenced at the same time by local,
meso- and synoptic scales.

In order to (i) better comprehend the physico-chemical processes leading to
severe pollution episodes in large industrialized areas, (ii) anticipate environmental
health hazards and (iii) manage them appropriately, it is crucial to identify the met-
eorological processes controlling the dispersion time and spatial scales of pollutant
concentrations. To first order, pollutant concentrations depend on the intensity of
mixing and the depth in which pollutants are mixed, which in turn are conditioned
by ABL dynamics and turbulent processes.

This study is a first step towards a better understanding of the dynamical
and thermal phenomena needed to describe complex situations leading to severe
pollution episodes in the urbanized area of Paris.
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Appendix. Surface Temperature and Specific Humidity Parameterizations

In Deardorff’s (1978) parameterization, the surface temperature diurnal evolution
is calculated according to

∂Ts

∂t
= CsoilHat − 2π

Ts − Tp
τ

, (3)

whereTs is the surface temperature,Tp is the force restore temperature, which is
generally calculated as the daily average surface temperature, andCsoil is a constant
characterizing the surface, given by

Csoil

√
2π

ρsCs
√
ksτ

, (4)

whereρsCs is the ground heat capacity,ks is the heat diffusion coefficient char-
acterizing the ground, andτ is the length of the diurnal cycle (24 h).Hat is the
surface flux budget written as

Hat = (1− A)Rs + εg(Rt − σT 4
s )− ρCpQ0− ρLvE0 +Ha, (5)

whereA is the surface albedo,Rs and Rt are the incident solar and infrared
fluxes,εg is the ground emissivity,σ is the Stefan–Boltzmann constant,ρCpQ0

andρLvE0 are the sensible and latent heat fluxes at the surface (in W m−2) and
Ha is the anthropogenic surface heat flux (equal to zero for the site of Palaiseau).
The value ofCsoil characterizing the site of Palaiseau as been determined by Menut
(1997). He found Palaiseau to be characterized by a value of 0.7× 10−5 K J−1 m2,
intermediate between typical urban and forest values (0.35× 10−5 and 1.35×
10−5 K J−1 m2, respectively).
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