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1. INTRODUCTION

The term Mistral refers to a violent wind that
develops along the Rhone valley and influences the
eastern Mediterranean coast of France (Fig 1). Dur-
ing the SOP period (9/15-11/15, 1999) of the MAP
(Mesoscale Alpine Program), two Mistral events were
observed. The first event occurred on 1 October
(OCTO01), associated with the passage of a short-
wave trough in the Alpine region. The second event
occurred on 6 November (NOV06), associated with
the developemt of an intense north Atlantic short
wave trough over the western Alps region. The MAP
project was reviewed by Bougeault et al (2001).

2. OBSERVATIONS

Two aircraft, the NCAR Electra and NOAA P-3,
flew a stack pattern cutting through the forecasted
shear-line downstream of the French Alps (see Fig 1
for the flight track and terrain). Besides in-situ ob-
servations, Electra down-looking lidar (SABL) and
P-3 belly radar provided strong returns from aerosols
and ocean waves. Six dropsondes were dropped from
the Electra along its first leg. Rapidscans from the
Meteosat-6 standby satellite over the Alpine region
had been activated by EUMETSAT. Snapshots of
the whole Alpine area were taken every 5 minutes
over a period of 24 hours for every IOP. Further in-
formation regarding the observation tools and data

analysis algorithms can be found in Jiang et al (2002).

3. MESOSCALE MODELING

The atmospheric component of the Navy’s Cou-
pled Ocean-Atmospheric Mesoscale Prediction Sys-
tem (COAMPS) (Hodur 1997) was used to simulate
the two mistral events. The computational domain
for the present study was configured with four hori-
zontally nested grids of 73 x 61, 97 x 97, 133 x 133,
and 235 x 235 points. The corresponding horizontal
spatial resolutions (Az) are 36 km, 18 km, 6 km,
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and 2 km, respectively. The topographic data was
taken from the U.S. Defense Mapping Agency’s 100-
m resolution dataset. The model domains for the
third (Az = 6km) and fourth meshes (Az = 2km)
are shown in Fig 1.

4. MASSIF CENTRALE CLEARING LINE

Based on METEOSAT image analysis, a persis-
tent and a well defined clearing line (MCCL) can
be drawn along the lee edge of the Massif Central
which was coincident for the two mistral events (Fig.
2). This clearing line (MCCL) was captured by the
COAMPS model as well (not shown). Trajectory
and vertical section analysis of COAMPS simula-
tions indicated that the MCCL marked the begin-
ning of the mistral wind acceleration. The MCCL
sits over the lee-slope of Massif Centrale and dozens
of kilometers away from the coastline. Hovmuller
analysis shows that while some light high clouds ad-
vected through the region, the low cloud edge was
persistent and almost stationary.

5. THE MISTRAL BOUNDARIES

COAMPS simulations indicated that during both
mistral events, gravity wave breaking over the Mont
Lozére defined the western boundary of the mistral
flow, and separated the mistral from the Tramon-
tane. The banner clouds may appear over the wake
region (Fig. 3) associated with turbulent mixing of
moisture from sea surface. This interpretation was
consistent with the persistent cloud filaments iden-
tified during both mistral events. To the east, the
mistral was bounded by a shear line, MESL (Mis-
tral Eastern Shear Line) The existence of MESL was
verified by aircraft in-situ measurement, dropsonde
data (Fig 4), and Rapidscan images. Our high reso-
lution simulations indicated that at least two mecha-
nisms contributed to the formation of the shear-line
and therefore, the primary PV banner. One mecha-
nism is multiple gravity wave breaking as the flow as-
cended the complex terrain of the French Dauphene
or Alpes De Provence. The other is merger of two
different airmasses as proposed by Schir and Smith
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Figure 1: COAMPS 6km and 2km mesh computa-
tional domain terrain field and geographical loca-
tions of interest. Research aircraft flight track is
marked.

(1993).

6. CONCLUSIONS

In the literature, the mistral has been often re-
ferred to as a "gap wind”, a ”fall wind”, or a wind
developed down the Rhone valley. This study sug-
gested that the mistral wind can be partly described
by the above terms, but none of them accurately
capture the full range of mistral dynamics. For ex-
ample, for the October 1 case, a large portion of
the mistral flow actually ascends and passes over the
Massif Central, and the term ”fall wind” is more ac-
curate in that sense. When the term ”gap wind” is
used, the channeling effect is emphasized. Our study
implies that the mistral is deep enough to override
some of the terrain and wide enough for the Corio-
lis force to be important. Flow turning into Rhone
valley may be largely under the influence of Corio-
lis force. Therefore, to some degree, the term ”gap
wind” may be misleading considering it is often used
to refer flow forced into a channel by pressure gradi-
ent force. Nevertheless, the blocking near Lyon was
important for both mistral events. For low level air,
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Figure 2: Composite images for a) 0830-1200UTC,
October 1, 1999. b) 1500-2400 UTC, November, 6.
The MCCL is indicated by a thin solid line and three
white lines, aa, bb, cc are marked for Hovmiiller
diagrams.



blocking created a cold air pool near Lyon. Cold
air leaked into the Rhone valley and joined the mis-
tral. For air at a higher level, blocking built up high
pressure around Lyon. The perturbation pressure
gradient may cancel the large scale pressure gradi-
ent and allow air to turn under the influence of the
rotation of the earth.

We found that gravity wave breaking over the
Mont Lozére defined the western boundary of the
mistral flow, and separated the mistral from the Tra-
montane. The banner clouds (MLBC) may appear
over the wake region associated with turbulent mix-
ing of moisture from sea surface. To the east of the
mistral wind, a well defined shearline separated the
strong mistral flow from relatively calm wake flow.
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Figure 3: Snapshots of wind and pressure at Z=1km
from COAMPS simulations. Pressure is contoured
and wind-speed is in gray scale. Arrows are wind
vectors. a) 1230UTC, October 1. The white line
indicates the MESL detected by NOAA P-3 Belly
Radar (see text); b) 1800UTC November 6.

NWhOTO N



1414-1430.

Jansa, A., 1987: Distribution of the Mistral: A satel-
lite observation. Meteor. Atmos. Phys., 36, 201-
214.

Jiang, Q., R. B. Smith, and J. D. Doyle, 2002: The
nature of the mistral: Observations and modeling
of two MAP Events. Submitted to Quart. J. Roy.
Meteor. Soc..

Mayencon, R., 1980: Meteo Pratique.
Edition et d’Outre-Mer, Paris, pp191.

Pedlosky, J., 1979: Geophysical Fluid Dynamics.
Springer-Verlag, New York. pp. 617.

Neptune-

Pettre, P., 1982: On the problem of violent valley
winds. J. Atmos. Sci 39, 542-554.

Schér, C., and R. B. Smith, 1993a: Shallow-Water
flow past an Isolated topography. Part I: Vorticity
production and wake formation, J. Atmos. Sci., 50,
1373-1400

Schir, C., and R. B. Smith, 1993b: Shallow-Water
flow past an Isolated topography. Part II: Transition
to vortex shedding. J. Atmos. Sci., 50, 1401-1412

Smith, R. B., and S. Gronas, 1993: Stagnation points
and bifurcation in 3-D mountain airflow. Tellus,
45A, 28-43

Wrathall, J. E., 1985: The Mistral and forest fires in
Provence -Cote d’Azur-South France. Weather, 40,
119-124.

a. Wind speed(m/s) + Wind vector @ Oct 01,1999
L [

VoA

4000

3000

2000

Height above sea level (m)

1000

o

550 6.00 650 7.00 750 8.00 850

20 m/s .
LongItUde (E)
Reference Vector

b. PT (K) + RH @ Oct 01, 1999

4000

3000

2000

Height above sea level(m)

550 6.00 650 7.00 750 8.00 850

[CONTOUR FROM 280 TO 360 BY 2|

Longitude (E)

Figure 4: The vertical section along the flight track
(see Fig 1) for the first mistral derived from objective
analysis of dropsonde data. a) horizontal wind vec-
tor and wind-speed (m/s, in gray scale); b) potential
temperature is contoured and relative humidity is in
gray scale.




