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Abstract. The variability of Mediterranean cloud systems to the Mediterranean cyclones, that is to provide a typology
is investigated using 8.5 years (from January 1987 to Junef cloud systems for each season, and to determine the pro-
1995) of TIROS-N Operational Vertical Sounder (TOVS) ob- portion of lows for which the dynamics is dominated by the
servations acquired aboard the National Oceanic and Atmoupper-level situation. In addition, the links between precip-
spheric Administration (NOAA) series of operational polar itation and the upper-level configuration will be studied for
satellites. Cloud systems and troughs are detected using re¢he Alpine region, for which a daily precipitation climatology
trievals of cloud top pressure (CTP) and temperature of theexists.

lower stratosphere (TLS). Cloud systems have a typical size

of a few hundred kilometres with a larger occurrence be-

tween March and October. The largest cloud systems oc2 Data and methodology

cur preferentially in May and October and downstream of a

midlatitude upper level trough. Finally, severe precipitation Observations used for this study are from NOAA-10 and
events over the Alpine region are associated to a warm TLNOAA-12 satellites and cover 8.5 years from 1 January 1987
anomaly upstream the cloud system, showing once more théy 30 June 1995. The raw TOVS data are converted into at-
impact of the upper levels on the weather over the area. ~ mospheric parameters using the Improved Initialization In-
version algorithm Chédin et al, 1985 Scott et al, 1999.
Among a large number of variables, this physico-statistical
method, relying on pattern recognition approach, determines
the temperature of the lower stratosphere (TLS) and the cloud

The Mediterranean basin is a region known for its cyclonict,Op pressure (CTP). All these variables are retrieved at aspa-
tial resolution of 10&100kn? every 12h at best, that is

activity. Due to its specific orography (the Mediterranean Sea” =" _" . X ,
is surrounded by an almost continuous barrier of mountain:s):’,lt 7:30AM and PM local time. TLS provides a descrip-

and the high sea surface temperature, the distribution of cytion of the thermal structures in the layer 1-4.5km above
clones over this area is complex. The climatological stud-(N€ tropopauserourrié et al, 200Q 2003. In particular,
ies focusing on the Mediterranean cyclones generally rely’vam anomalies of TLS can be used to detect upper level

on reanalyses and cyclones are usually detected by identif)}-roughs' TL_S is a linear combinatign of brightness temp(_era—
ing 1000 hPa height minima (e Trigo et al, 1999 Maheras tures from five TOVS channels which are the most sensitive

etal, 200). An alternative source of data is used here in or- ©© e tempezrature near the tropopause. CTP is obtained by
der to study both the climatological features and the associa® Weightedx“ method from four 1um CO; band radiances
tions with large scale patterns. It consists of satellite data a&"d the 1lum atmospheric window radianc&tubenrauch
recently shown byChaboureau and Clay@003 who have etal, 1999. )

investigated the wintertime variability of large precipitating ~ Veather systems with CTP less than 400 hPa and found
weather systems over the North Atlantic Ocean. Their studyPetween 30N-48N and 10 W-45"E, encompassing all
was based on the signature of the storms on the water budgét€ Mediterranean Sea and the surrounding regions, are con-
(cloud and precipitation) as observed from TOVS on boargsidered here. Their variability is then investigated using a

NOAA satellites. The objective is here to adapt this work COmposite method. TLS and CTP fields are extracted in a
square of 3600 km side length for which the y-axis is north-

Correspondence tal.-P. Chaboureau ward. To enlarge the view upstream of the cloud event (i.e.
(jean-pierre.chaboureau@aero.obs-mip.fr) to the west), the box is shifted 900 km to the east from its

1 Introduction
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Fig. 1. Frequency distribution of the cloud-system radius.
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ical areas (see text).

using reanalyses. This confirms that most of the Mediter-
ranean lows are within the mesoscale, in contrast to synop-
tic North Atlantic cloud systems with typical sizes lying be-
tween 1000 and 3000 knChaboureau and Clapyg003.

The number of selected cloud systems per grid point for
the whole period is shown in Fi@. The cloud systems are
found in preferential areas: western North Africa, the east
Fig. 2. Number of selected cloud systems per grid point for the full coast of the Iberian Peninsula, the Balearic Islands, the Gulf
8.5-year period. of Genoa, southern Italy, the Aegean Sea, and Cyprus. How-

ever, this geographical distribution is more spread out than

the map of the first cyclone detections shownTligo et al.
geometric centre. A principal component analysis (PCA) is(1999 or those of the cyclonic occurrence Maheras et al.
performed on the normalized fields of TLS and CTP. The lat-(2001). Two reasons can explain this difference. First, in
ter are projected onto the components of the first eigenvectorsontrast to these studies, the present analysis groups not only
which represent the larger variance. Thus the PCA allows forcyclones, but also fronts and convective systems. Moreover,
selecting only the pertinent information, that is, the field of since there is no tracking procedure, this map does not cor-
variation around the average, and the large-scale structures asspond to the first detection but to the cumulated number of
described by the first eigenvectors. The mean fields of TLSdetections during the whole life-cycle of the cyclones. Sec-
and CTP, and the small-scale structures are therefore filterednd, less cyclones are found over the eastern Black Sea, and
out. Here, we have chosen to retain the first components thahe Middle East, but for this latter regioftigo et al.(1999
represent 45% of the total variance. The retained componentsiention that the number is probably overestimated due to
are clustered using an ascending hierarchical classificatiorhoundary effects on the tracking procedure. Concerning the
which minimizes the intraclass variance, and each case is inBlack Sea, differences might be due to the fact that satellite
cluded in a class. Finally, composites within each class argasses are at 7:30 and 19:30 local time while the frequency
built from averaging the original fields (i.e., not the filtered of cyclones increases over this area during the night, espe-
fields described by the first eigenvectors). This yields realis-cially in summer fMaheras et al.2001), which corresponds
tic structures as illustrated below. to a peak of activity.

Figure3 presents the monthly fraction of cloud systems for

the 8.5 years. The domain has been partitioned off accord-
3 Cloud system climatology ing to the latitude of 36N and the longitude of 2CE yield-

ing four regions (SW, NW, SE, NE). Overall, the fraction is
Over the 102 months, a total of 9906 cloud systems werehe largest between March and October with local maxima
identified, without any particular interannual variation. With in May and October. The fraction of cloud systems is during
two observations per day, this leaves about 48 systems peahe whole year larger in the western part of the Mediterranean
month. 35% of the cloud systems have an equivalent radiudasin compared to the eastern part. This is due to a peak of
of 300 km, and over 70% less than 550 km (Fij. This re-  activity in May and June over the SW region (Sahara). Also a
sult is in agreement with the 65% of cyclones having a maxi-higher activity is found in the NW region, with a maximum in
mum radius less than 550 km obtainedTrigo et al.(1999 March and August, over the Balearic Islands and the Iberian

8 16 24 32
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of cloud-system radius.

Adriatic Sea Frei et al, 2003. The 129 selected events oc-
curred mainly in summer and in autumn (F&y. Composites

Peninsgla, respectively. The cloud system occurrence in thghow a warmer TLS field to the west of the CTP field, com-
SE region (Cyprus and Middle East) is maximum bewVeenpared to the full set. Cloud systems also have a more elon-

ApriI. and Octgper with a peak in JuIy._In the NE region, the gated shape. This is a typical configuration for baroclinic
maximum activity peaks between April and July. interaction

Moreover, the monthly distribution is shown according  tpg analysis is done one step further by selecting only the

to.different size classes depending on th? equivalent raldiuﬁvents with rainrate higher than 100 mm/day. This leaves 44
(Fig. 4). Around 35% of the systems fall into the category events that occurred mainly in autumn (F&. The asso-

300-400 km, independently of the month with the exception e composite fields resemble those of the previous sub-

of April. Systems within categories 300-400km and 400~gq; 1t ith even more elongated cloud system shape and a
500km are more frequent in spring and summer. On thesouthernmore warm TLS anomaly (F&g).
other hand systems within categories less than 300 km and

larger than 600 km occur preferentially during spring, but

present also a peak in October. 5 Conclusions

The variability of Mediterranean systems has been investi-
4 Cloud systems, upper-level forcing and precipitation  gated using polar satellite data covering the period January
in the Alpine Region 1987-June 1995, in contrast with previous studies which all
made us of reanalyses. An automatic detection of cloud sys-
The detection of a warm TLS anomaly upstream of a cloudtems is performed, based on retrievals of cloud top pressure
system suggests a strong upper-level forcing, and potentiallfCTP). Over the 102 months, a total of 9906 cloud systems
more intense precipitation. The daily Alpine precipitation (storms, fronts, and convective systems) were identified, with
climatology ofFrei and Schr (1999 allows for examining  a rather low interannual variation. 35% of the systems have
such a scenario. This climatology consists of gridded dailyan equivalent radius of 300 km, and over 70% less than
precipitation analyses, constructed by spatial aggregation 0550 km, which is agreement with previous studies, and con-
rain gauge observations onto a regular latitude-longitude 0.5firms the fact that over the Mediterranean, most of the lows
grid-spacing. It covers the Alpine area, betweeri M3 are within the mesoscale or subsynoptic range, in contrast
49 N and 2 E-17 E. A selection of cloud systems in the to North-Atlantic systems. Cloud systems are preferentially
same area has been carried out, providing 284 cloud systentetected over western North Africa, the east coast of Spain,
for which the composite fields are shown in Fég.. On av-  the Balearic Islands, the gulf of Genoa, southern lItaly, the
erage, a warm TLS pattern is present to the northwest of thé\egean Sea and Cyprus. Their most frequent occurrence is
cloud system. between March and October.

A similar analysis has been performed, restricted to pre- In a last section, this study concentrated on the Alpine re-
cipitating events larger than 50 mm/day on a grid point of gion in order to investigate the relationship between precip-
the precipitation climatology (Figéb). The threshold of itation and the upper-level features. It was found that se-
50 mm/day corresponds to the 90% quantile over wherevere precipitation events over this region are associated to a
heavy precipitation occur in three distinct regions: southeastvarm TLS anomaly upstream of the cyclone, showing once
of the Central Massif, south central Alps, and north of the more the impact of the upper levels on the weather over this
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Fig. 6. Alpine composite fields fronfa) the full set, and the sets restricted to events with rainrate higher(tj)ab0 mm/day andc)

100 mm/day within a 50 km grid point. The white line indicates rainrate higher than 1 mm/day. The ordinate (abscissa) of the coordinate
system corresponds to northward (westward) displacements in km from the cloud system centre located at (0,0) km. The colours indicate
CTP every 80 hPa, the black contours TLS every 2 K, and the hatched patterns TLS over 218 K.

area. While this study consolidates previous ones, it alsaChédin, A., Scott, N. A., Wahiche, C., and Moulinier, P.: The Im-
complements them especially in terms of establishing large proved Initialization Inversion Method: a high resolution physi-
scale configurations that are prone to development over the cal method for temperature retrievals from the TIROS-N series,
Mediterranean Basin. J. Climate. Appl. Meteorol., 24, 124-143, 1985.

This study illustrates the potential of satellite sounder dataFour. N., Claud, C., Donnadille, J., Cammas, J.-P., Pouponneau,
for the study of storms. Further work will consist in con- B., and Scott, N. A.: The use of TOVS observations for the iden-

. . . . . tification of tropopause-level thermal anomalies, Quart. J. Roy.
sidering the whole period of time during which TOVS data Meteor. Soc., 126, 1473-1494, 2000.

are available (since 1979), and also using higher resolution-g e N. Claud. C.. and Giain. A On the depiction of upper-
data like the Advance Microwave Sounding Unit (AMSU),  |evel precursors of the December 1999 storms from TOVS ob-
which will offer possibilities of rain detection. Last, more  servations, Wea. Forecasting, 18, 417-430, 2003.

results concerning the variability of cloud systems with sea-Frei, C. and Scar, C.: A precipitation climatology of the Alps

son and north Atlantic regimes can be founddhaboureau from high-resolution rain-gauge observations, Int. J. Climatol.,
and Claud2006. 18, 873-900, 1998.
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