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1. INTRODUCTION

Micro-meteorological simulations with high-resolution
near the ground are of great interest to study pollutant
dispersion and to get accurate information on the
lower atmosphere dynamic and thermal fields
necessary for predicting long-range noise propagation
(typically between the ground and 50 meters). The
present study is in line with the second topic: it aims at
estimating the terrain-influenced meteorology. The
small-scale complex terrain of St-Berthevin (Mayenne,
France) –a 50 meters deep valley– has been chosen
for this numerical investigation, partly due to the
availability of wind and acoustic fields measurements
recorded during a two-week experimental campaign.

2. NUMERICAL METHOD

Accounting for the influence of large-scale meteo-
rological fields on smaller ones requires the extension
of the computational domain quite far from the area of
interest that must be accurately described by the grid.
Using a fine mesh over the whole domain is presently
not feasible due to computer performances. To
overcome this problem, a currently used method is the
grid-nesting approach. The finite-difference non-
hydrostatic compressible 3D atmospheric model
SUBMESO (Anquetin et al., 1998) and a technical
module (Blayo & Debreu, 1999) able to manage the
Adaptive Mesh-Refinement (AMR) method developed
by Berger & Oliger (1984) have been coupled
together. The grid-nesting module was developed to
be adaptable to any finite-difference oceanographic or
atmospheric model, with minimum changes in the
single-grid model. In order to focus on an a priori
defined limited-range area, the adaptive aspect of the
method has been left aside while our particular effort
was concerned with the improvement of the grid-
nesting boundary conditions; those were initially
restricted to the interpolation of coarse-grid fields at
the fine grid boundary. Among all the boundary
conditions suggested in the literature, the most
effective one to avoid the reflection of numerical
waves at an outflow boundary seems to be the radia-
tive condition proposed by Carpenter (1982) applied to
all the prognostic variables, except the pressure for
which Dirichlet conditions are less disturbing. The
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inflow boundaries are treated with the simple
Dirichlet conditions. The method, used in one-way
interaction, was first validated (Pénelon, 2002)
against the case of a stably stratified atmospheric
flow over a 2D 1-m-high hill, which provides a direct
comparison with analytic solution, and against the
3D case of neutral flow over flat terrain where
streaky structures are observed.

3. SIMULATIONS OVER COMPLEX TERRAIN

The numerical method is applied to the large-eddy
simulations of the atmospheric flow above the real
topography of St-Berthevin (Fig.1) crossed from
north-west to south-east by the valley of the river
Vicoin. The large domain (8 km × 6 km) is discretized
with an horizontal mesh size of 150 m. The nested
grid (2 km × 2 km), centered on the valley, has a 50
m mesh size. Both coarse- and fine-mesh grids are
stretched on the vertical, with a minimum mesh size
of 10 m near the ground and a mean size of 250 m.
The domain is 7 km high.
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Fig. 1 Topography of St-Berthevin (10 m contour
step). The square shows the nested domain.

In order to estimate the accuracy of numerical
results at several locations in the valley where
instrumented masts were installed, three
meteorological situations were chosen among the
conditions measured upstream from the region of
interest: a stably stratified flow (Qs = -0.012 K.m.s-1)
with a weak wind blowing from west (u*= 0.21 m.s-1

corresponding to U = 2.2 m.s-1 at 6 m above the



ground), and two convective flows with a north-
westerly strong wind and a south-westerly moderate
wind, respectively. Small-scale topography is much
more influencing the flow for stable than for unstable
stratification. Thus, we focus here on the results
obtained in the first case that is also known to be the
most favourable to long-range noise propagation. Only
the results from the stable case in the nested domain
are shown.
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Fig. 2 Wind direction with respect to x-axis (in
degrees) in a vertical cross-section y = 2700 m
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Fig. 3 Mean vertical velocity at 5 m above the ground

Figure 2 clearly shows the channelling effect induced
by the small valley. At the bottom of the valley the
wind is submitted to a rotation of about -10° from its
original direction, which is -4° with respect to the west-
east axis. The same amplitude of rotation is observed
in the experimental data. At the same location the
wind rotation on the coarse grid (not shown) is less
accurate since a global deviation is observed between
x = 3200 m and x = 4000 m. The vertical velocity field
(Fig. 3) underscores the strong correlation between
flow and topography under stable conditions. In the
unstable cases, convective phenomena break this
layout. Deceleration and acceleration effects induced
by hollows and crests are well apparent in Figure 4.

The smaller transverse valley in the northern part of
the domain induces a stronger deceleration than the
main valley, which appears to channel the flow
rather than to reduce its velocity.
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Fig. 4 Mean horizontal wind at 5 m above the ground

4. CONCLUSIONS

This study demonstrates the efficiency of the grid-
nesting approach to obtain accurate information on
the small-scale flow behavior accounting for large-
scale conditions. Numerical predictions seem in
quite good agreement with measurements but
further analysis is still needed.
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