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Abstract. UHF-radar wind profilers provide the temporal 1 Introduction
evolution of the wind velocity and reflectivity vertical pro-
files from 150/300 m to 2000/4000 m of altitude, with a UHF-radar wind profilers have already proved their capabili-
vertical resolution of 150 m and a temporal resolution of 5 ties to investigate the dynamics of the atmospheric boundary
min., by measuring the received clear-air doppler shift oflayer via the retrieval of the three components of the wind
the transmitted frequency (here around 1 GHz) due to thge.g. Atlas, 1990). Owing to their vertical and time resolu-
air mass turbulent motions. Those experimental parameterons, they are suited to study mesoscale aspects of a low-
show the pertinence of such instruments in low- tropospheridropospheric wind regime, as the Mistral studied here.
mesoscale dynamical process studies, mainly when the sci- The Mistral is a northerly wind blowing in South of
entific objectives require the knowledge of the evolution of France. Various kinds of causes may trigger the Mistral,
the air flow vertical structure. however, the most frequent one is the passage of a cut-off
) ) low above the Alps from the north west, associated with a
The observations presented here were made during thgg|q front, This meteorological situation often triggers a sur-
MAP (fall 1999) and ESCOMPTE (summer 2001) cam- face Jow in the wake of the Alps which in turn triggers the
paigns, for which UHF radars were installed in south-eastern,nset of a northerly wind channeled by thefRk valley and
France, and concern experimental studies of Rhne-valley,nhanced by an anticyclonic ridge on a Spain-Massif Cen-
wind regimes, called Mistral, when the air masses approachyy| ais: this process is called the Genoa Gulf cyclogenesis.
the mediterranean coast. Although the importance of thisgigyre 1 depicts this kind of synoptic forcing. At the exit of
wind regime for the meteorological conditions of such ar- ine Rrpne valley and approaching the Mediterranean coast,
eas @s well esta}blished, it has been only poorly scientif.icallythe air masses go down and accelerate, due to the rugosity
studied. One important reason was the absence of instrlecrease and then rotate southeastward. Due to its mesoscale
ments able to monitor its vertical structure. As we show herésaatures and to the needs of numerous experimental means
UHF radars have this ability. to investigate it in details, none or few scientific studies have
concerned the horizontal, vertical and time evolution of the
Mistral after the exit of the Rbne valley. For instance, Peitr
(1982) studied the Mistral in the Rhe valley and attempted

The results consist of time-height diagrams of horizontal
wind, vertical velocity and UHF reflectivity profiles inter-

preteq in a coastal meteorolpgy context. More accura.tt_alyto explain its acceleration along the valley by means of the
the divergence and the subsidence of the flow after exmng2D hydraulics theory

the Rhne valley, the effects of the synoptic situation evolu- The field . MAP (M le Albine P
tion, the main differences between fall and summer cases e field experiments (Mesoscale Alpine Program,

and the induced boundary layer variations are investigated""u'[urnn 1999, Bougeault et al,, 2001) and ESCOMPTE

In addition to this experimental approach some comparisoné,EXpe”ence sur Site pour COntralndrfa Ie; I\é«tmls de Pollu-
fion atmosphrique et de Transport d’Emissions, June—July

\év;‘t:urerzfsoscale numerical model, here mesohH, are also pre2001, http://medias.obs-mip.fr/lescompte) took place over
the region concerned by the Mistral and gave the opportu-
nity to better investigate this mesoscale meteorological phe-
nomenon. The MAP general objective is to improve the un-
derstanding of mesoscale processes around and above the
Alps, and the split winds, as the Mistral, is one of the spe-

Correspondence tov. Guénard (guenard@Iseet.univ-tin.fr) cific scientific objectives. ESCOMPTE concerned pollution
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Such experimental parameters show that UHF profilers are
well suited for mesoscale studies of low troposhere phenom-
ena.

2.2 Thermal advection retrieval

Thermal advection is quite difficult to measure or to extract
directly because of space and time differenciating scale. The
relatively high space-time resolution of wind profilers is rel-
evant to assess the trend of the thermal advection. The VHF-
profiler method to obtain it (Crochet et al., 1990) has never
been processed to UHF investigations of the low-level jets as
the Mistral. On the assumption of an adiabatic atmosphere,
the thermal advection At is given by the expression (1):
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Fig. 1. Region of interest and location of UHF profilers during MAP . L
and ESCOMPTE. Black thick arrow’s indicate the Mistral most fre- Wherevg is the geostrophic wind (under our assumpﬁogl

quent direction. H is the ridge of the eastern Atlantic anticyclone. is taken as the horizontal wind .m(.easured by the radathe

L is the Genoa Gulf though. pressure f = 10~* s~! the Coriolis paramete?,, the wet
air constant (supposed to be equal to the dry air constant R =
287 Jkg~!-K~! since the Mistral associated is a dry wind)

emissions and transport in the area of Aix-Marseilles-Berreandk the vertical unity vector.
pond (south of France). Mistral studies are not a scientific . )
objective of the campaign since it decreases the pollution ir2-3 Ci profiles and ABL height
the area, however, several cases of Mistral occured during the

period. Owing to the high spatial density of the measurement?HF wind profilers are sensitive to clear air refractive index
network, the “summer” Mistral might be well characterized fluctuations related to temperature and humidity fluctuations
as well és its interaction with land-sea breezes in the resolution volume. Turbulence at scale of the radar

For each campaign, data from two UHF radars are useialf-wavelength (here 12 cm) is the main factor leading to

and analysed here: one installed at St-Chamas (north-we \uctuations of the air refractive index, and is characterized
from Marseilles) and one at Toulon (south-east from Mar- Y its structure constantic. Ottersten (1969) gave the rela-

seilles), for MAP, and one at St-Chamas and one at Mar—lt'on bhe)'fween & the radar reflectity) and the radar wave-
seilles, for ESCOMPTE (see Fig. 1). engthA.

n=0.38\"1/3C%, 2)

2 UHF-radar data whereas the expression of the reflectivity as a function of

) . radar parameters is given by Van Zandt et al. (1978):
2.1 Wind retrieval

2
Before profiler data can be used, they must be subjected t§ = 9mkoB(ETc + T's) (A};) % (3)
guality control to remove contamination from precipitation, Hrte

birds, radio frequency interference and other sources. Datavherec is the light speedk, the Boltzman constanf} the
that do not support the quality control test are plotted in whiteintegrator filter bandwithF the radar antenna efficiency,

on the surface color diagrams displayed in Sect. 3. UHFthe cosmic noise temperaturé,, the receiver noise tem-
Degreane wind profilers, used here, work with a mean powerperature,R the radial distance)A R the radial resolution of

of 40° W, at a frequency of 1.238 GHz. Returned echoesthe radar,S N R the signal to noise ratiaf; the crest pulse
are due to the air refractive index fluctuations advected bypower, F,. the pulse frequencyd. the effective area of the
the wind. The three wind components are obtained from theantenna. Therefore;3, profiles can be obtained from the
frequency Doppler shift obtained along five beam directions:radar parameters and by using the expressions (2) and (3).
one vertical and two oblique pairs, symmetrical with respect The height,Z;, of the ABL (defined as the atmospheric
to the vertical and in two perpendicular vertical planes. Thelayer directly influenced by the ground) is detectable, either
errors on the horizontal winds is and the vertical velocity arefrom the first location of the strong potential temperature gra-
typically, and respectively, 1-2 nt.5 and 0.25-0.5 ms. dient (Sullivan et al., 1998), either from the location of the
Data measured here are obtained every 15 min. from a height’3,-profile maximum value (Jacoby-koaly, 2000). The ABL
of 100-300 up to 2500-4000 m Above Ground Level (AGL) height is of primal interest for hydraulics theory and is a key
with a 75-150 m vertical resolution (Caccia et al., 2001). parameter to understand the Mistral (Rett982).
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MAP 6.7 November 1999: vertical wind velocity (m.s") at Toulon

Fig. 2. Horizontal wind speed ( gray filled) and direction (arrows)
observed by UHF wind profilers ¢&) St-Chamas(b) Toulon, sim-
ulated by MESO-NH afc) St-Chamas(d) Toulon.

3 Results and discussion

3.1 Anautumn Mistral case (MAP 6—8 November 1999)

HEIGHT AGL (km)

During the MAP IOP 15, a strong Mistral event was ob-
served. The onset of the Mistral occured the 6 Novem-
ber 1999 and was characterized by the features described
in Sect. 1. The time evolution of the horizontal wind pro-
files (Figs. 2a, 2b) observed by the radars of St Chamas and 0 —
Toulon shows that the onset of the Mistral is simultaneous TIEUTO
in both sites, however, the wind is stronger at St-ChamagP) eren e
(with maximum speed of 35-40 n.§ at 1200 m AGL) than
at Toulon (maximum speed of 30 misat 700 m AGL).
Furthermore, the wind is clearly northerly at St-Chamas,
whereas the wind blows southeastward at Toulon. Another
feature of this Mistral case is the shift of the wind vertical
structure occuring at 0400 UTC 7 November 1999 Beforethe dOWnWard mOtionS Of air masses due to Sevel’a| pOSS|b|e
this time, the wind blows on the total depth investigated byfactors: cold and denser air reaching the sea, anticyclonic
the UHF wind profiler and, after this time, a “shallow Mis- Subsidence, seaward decrease of the mean rugosity, strong
tral” confined below 1500 m AGL is observed. This behav- local forcing by the near topography (Mount Faron 700 m at
ior is rather well reproduced by simulations from the non- Toulon) inducing downslope winds (Smith, 1985).
hydrostatic mesoscale numerical model, meso-NH (Lafore The radar-derived time evolution of thermal advection is
et al., 1998), carried out at the vertical of the two radarsplotted (Figs. 4a, 4b) for St-Chamas and Toulon. Notice
(Fig. 2c, 2d), despite an overestimation of the duration ofthe strong cold advection of magnitude —3°C- h—! as-
the Mistral event (Figs. 2c, 2d). These discrepancies may bgociated with the Mistral jet in both sites. This feature is
explained by a sharp intense horizontal wind gradien8(  not so surprising considering Mistral brings polar air masses.
ms~!.- km~!) moving westward splitting a sheltered zone at However, taking into account the temperature trend extracted
the east side of Toulon from a zone of intense wind (figurefrom radiosoundings (not shown), thermal advection seems
not shown) and having a typical horizontal scale smaller tharto be overestimated of°IC -h—!. Various causes may ex-
the model gird scale (here 27 km). plain this discrepancy but the major one is the assumption on
The time evolution of the vertical velocity (Figs. 3a, 3b) the equality of the radar-derived winds with the geostrophic
is 60 min. averaged in order to filter the mountain waveswinds. Thermal advection values are likely false below 1500
occuring in Mistral situations (Peéty 1982) and illustrates m where orography plays a significant role in wind flow in-

Fig. 3. MAP IOP 15 Mistral event (6—7 November 1999) vertical
wind velocities (m.s-1) observed @) St-Chamas an¢b) Toulon.
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TMTAP 6-% November 1999: thermal advection (° C.h'') at St Chamas MAP 6-8 N. ber 1990: i © C.h'") at Toulon
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Fig. 4. MAP 6-8 November 1999, thermal advectiGrQ:h—") computed from expression (1) @) St-Chamas an¢b) Toulon.

ducing not negligible ageostrophic wind components. ThusRemy de Provence launched every 3 h the 17 June 2001. In
this assumption induces more wind shears in low levels tharboth cases the method of Sullivan et al. (1998) is used to re-
real geostrophic shears, increasing the magnitude of thermadfieve Z; (see Sect. 2.3.).
advection. On the other hand, the assumption of an adiabatic The time evolution of the maxima «f%; (Fig. 5b) shows
atmosphere is valid since it is well known that Mistral winds a diurnal variation in agreement with the basic knowledge
are associated with dry air. Notice that the sea breeze phesf ABL height variations:Z; increases during the morning
nomenon is avoided in this autumn case, but wind directionwith convective motions due to the ground heating whije
shift may occur at the sea-land transition. decreases, during the night, resulting from ground cooling.
Nevertherless, the technique presented here is easy to séthen Mistral blowsZ; is less well marked than in calm sit-
up and allows a retrieval of thermodynamical features of re-uations. Indeed, 19 June 2001, the CN2 maxima are much
gional winds at a better resolution than radiosounding datamore visible and less dispersed after the wind has stopped
launched every 6 h. This technique may be improved by in-than the days beforeZ; values extracted from radiosound-
tegrating wind corrections to reach a best approximation ofing and those from UHF profilers are compatible regarding

the geostrophic wind in low levels. the site location differances. Indeed, notice the large dis-
agreement betweefi; values from both radiosoundings on
3.2 A summer Mistral case: 16-19 June 2001 the 17 June 2001, 12:00 UTC. This illustrates the strong de-

pendence of; with the site location, so care must be taken
During ESCOMPTE, a Mistral event occured the 16 Junewith wind profiler/radiosounding data comparisons.
2001, 12:00 UTC. The winds have blown southeastward the
16-17 June, increasing in strength the 18 June morning, with
a maximum speed of 25 1! at 06:00 UTC and at 1km 4 Conclusions and future works
AGL (Fig. 5a). Then, the winds have taken a southward di-
rection. The erosion phase of this Mistral event is resemblingUHF wind profiler is a useful and efficient tool to investigate
the one of the autumn Mistral case described in Sect. 3.1the atmospheric boundary layer. It is able to measure with
first above 1500 m at noon of 18 June and then, in lowerhigh space and time resolution the three wind components
levels during the second part of the day. Considering thabetween 200 and 3000 m. Thus, it is suited for the valida-
the structure of the wind is the same as in the autumn Mistration of the non-hydrostatic mesoscale numerical models. Its
case, the time evolution of thermal advection, which dependsigh resolution and accuracy allow studies on mesoscale at-
of shears, presents about the same feature than that displayetbspheric processes such as the Mistral blowing in South of

in Fig. 4 and is not plotted here. France. Other meteorological parameters have been derived
On the other hand, the ABL height;, retrieved from the  from UHF profilers and are the following.
maximumC?%; criterion is displayed in Fig. 5b. Black cir- Time evolution of thermal advection exhibits a good agree-

cles are the maxima af%,. The black squares represents ment with the basical knowledge of the Mistral: a well
the ABL height extracted from the radiosounding of Nimes marked cold advection~{ —3° C-h—!), associated with the
launched every 12 h (for site location, see Fig. 1) and theflow, has been found. Now, the technique to retrieve ther-
dashed line is the ABL height from the radiosounding of St- mal advection may be improved by introducing corrections
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aspects of regional wind by only means of UHF profilers.
The use ofC% profiles to assess the ABL height provides
good results in well developped ABL (here in summer and
in absence of wind). If the Mistral blows, the retrieval is
complicated by its interaction with thermal convection. The
algorithm used in this study should be tested its efficiency on
autumn and winter Mistral situations and will form the sub-

ject of future works. They will consist on data comparisons
between wind profiler and colocated radiosounding station

(data not available yet).and airborne doppler lidar data for a
3D approach (Drobinski et al., 2002).

16-19 june 2001: HORIZONTAL WIND AT MARSEILLES
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