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Abstract. This is a study on the impact of the jetstream in of the Atlantic jet produces rainfall anomalies in the western
the Euro-Atlantic region on the rainfall distribution in the and central Mediterranean, with 45 % explained covariance.
Mediterranean region; the study, based on data analysis, is rén spring, the latitudinal displacement of the African jet pro-
stricted to the Mediterranean rainy season, which lasts fronduces rainfall anomalies, with 38 % explained covariance.
September to May. During this season, most of the weather
systems originate over the Atlantic, and are carried towards

the Mediterranean region by the westerly flow. In the up-1 |niroduction

per troposphere of the Euro-Atlantic region this flow is char-

acterized by two jets: the Atlantic jet, which crosses theThe rainfall distribution in the Mediterranean region is im-
ocean with a northeasterly tilt, and the African jet, which portant, because this region is at risk of water shortage
flows above the coast of North Africa. This study shows that(Huime et al., 1999). In fact, an elaboration of the data
the cross-jet circulation of the Atlantic jet favors storm ac- reported by Marshall et al. (2001a) and by Hurrell (1995)
tIVIty in its exit region, while the CrOSS'jet circulation of the shows that from December to March it rains 30 % more in
African ]et suppresses this kind of aCtiVity in its entrance re- North Europe than in South Europe_ Moreover, since precip_
gion, with the 1st jet-stormtrack covariance mode explain-jtations are almost absent in the Mediterranean region during
ing nearly 50 % of the Var|ab|l|ty It follows that the rain- the summer monthS, on an annual base the difference be-
fall distribution downstream to these cross-jet circulationsyyeen the cumulated rainfall in North Europe and in South
is strongly influenced by their relative positions. Specif- Eyrope is even larger. It follows that the Mediterranean is
ica”y, in fall, rainfall is abundant in the western Mediter- vulnerable and prone to drought events. This is one of the
ranean basin (WM), when the Atlantic jet is relatively strong motivations behind this paper, which is focused on the impact
but its northeasterly tilt is small, and the African jet is in of the jetstream configuration in the Euro-Atlantic region on
its easternmost position. In winter, rainfall is abundant in the rainfall distribution in the Mediterranean region.

the eastern Mediterranean basin (EM); this is when the At- |y the Mediterranean region the cold season is also the
lantic jet reaches the Scandinavian peninsula and the Africafainy season; from this observational fact the definition of
jetis in its westernmost position. In spring, when the two the Mediterranean climate follows, which is one with rain-
jets weaken, the Atlantic jet retreats over the ocean, but thgg|| three times more abundant in the cold months than in
African jet stays in its winter position, rainfall is abundant in the warm months (Kppen, 1900). In fact, in the Mediter-
the Alpine region and in the Balkans. In addition, the co- ranean region, the cumulated rainfall in the period between
variance between precipitation and the jetstream has beegeptember and May accounts for more than the 80 % of the
evaluated. In fall, the latitudinal displacement of the At- total annual precipitation (Hurrell, 1995). During this period
lantic jet and the longitudinal displacement of the African the weather systems, originating over the Atlantic Ocean, are
jet modulate rainfall anomalies in the WM, with 38% ex- fynnelled between the Iceland low and the Azores high and
plained covariance. In Winter, the latitudinal displacementcarried towards Europe by a relative|y Strong Westerly flow.
The variability of the stormtracks in the Euro-Atlantic region
has been analyzed by Trigo (2006), using a 6-h geopotential
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east of North America and Greenland, with a tendency to andex spans from weeks to decades and multidecades (Gross-
northward shift of the stormtrack in the last decades, whilemann and Klotzbach, 2009), with enhanced power in some
over the western Mediterranean Sea and the Caspian Sea tfrequency bands although this power is not sufficiently large
cyclones are generally less intense than those over Atlantido be really significant (Deser and Blackmon, 1993; Wun-
In winter, the main cyclogenetic areas in the Mediterranearsch, 1999; Stephenson et al., 2000; Hurrell and Deser, 2010).
Sea are the Gulf of Genoa, the Aegean Sea and the Blackhis reddish spectrum, with preferred periods longer than a
Sea, where the low-level baroclinicity is enhanced by the in-month, is determined by the lifetime of the sea surface tem-
teraction between the synoptic systems originating over theerature differences, by the lifetime of the continental snow
Atlantic and the orography, favoring the development of sub-cover, and by the slow fluctuations of the sea-ice cover (Rod-
synoptic perturbations (Trigo et al., 2002). In spring, the well et al., 1999; Marshall et al., 2001b; Ogi et al., 2003,
perturbations on the lee of the Atlas and over the Middle2005).
East are mainly thermally induced (Trigo et al., 1999). In The relatively strong westerly flow which separates the
summer, when the strong westerly flow moves polewards]celand low from the Azores high in the lower troposphere,
the temperature gradients and the winds over South Europbecomes a jet in the higher troposphere. Actually, in the
are weak; this is because the eastern Mediterranean (EM) iEuro-Atlantic region there are two branches of the jetstream,
under the ridge generated by the Indian monsoon (Rodwelthe African jet and the Atlantic jet (Branstator, 2002). The
and Hoskins, 1996) and the western Mediterranean (WM)African jet is a branch of the Hadley-driven extratropical jet,
is under the influence of the Saharan high, displaced northwhich spans zonally from the west coast of North Africa to
wards by the West African monsoon (Chen, 2005). Then thethe Arabic peninsula and beyond it. This jet flows over the
Mediterranean becomes rather dry, and rainfall originates ircoast of North Africa at about 2], changing latitude in-
sporadic localized convective systems with scarce total accuphase with the fluctuations of the thermal gradient between
mulation (HMSO, 1962; Brody and Nestor, 1980; Reale etAfrica and South Europe. The Atlantic jet, which is main-
al., 2001). tained by the thermal contrast between the warm ocean and
The variability of the Mediterranean climate results from the polar region, crosses the North Atlantic with a northeast-
a combination of a number of parameters ranging from theerly tilt at a latitude of about 49N (Bryson, 1994). When the
planetary scale down to the subsynoptic scale. During theocean is almost uniformly warm and the east coast of North
cold season, which is also the Mediterranean rainy seasorAmerica is cold, then the Atlantic jet is strong and the NAO
European climate variability is dominated by midlatitude at- index is positive (Bjerknes, 1964; Bryson, 1994; Kushnir,
mospheric large scale modes (Trigo et al., 2006). The mairl994; Enfield et al., 2001). Detailing, this jet is modulated
modes influencing the climate over Europe are the North At-by the fluctuations of the NAO polarity, i.e., when the NAO
lantic Oscillation (NAO) (van Loon and Rogers, 1978; Wal- index is positive, this jet becomes stronger, its northeast-
lace and Gutzler, 1981), the Eastern Atlantic/Western Russi&rly tilt increases, and its exit region migrates northwards;
pattern (EA/WRUS; called EU-2 by Barnston and Livezey, when the NAO index is negative, this jet becomes weaker,
1987), and the Scandinavian pattern (SCAND; called EU-1its northeasterly tilt decreases, and its exit region migrates
by Barnston and Livezey, 1987). The EA/WRUS mode hassouthwards (Hurrell et al., 2003; Vallis and Gerber, 2008).
a 3-centre east-west pattern, with one centre of action close Even if a comprehensive simple theory for the nonlinear
to the British islands, one in northeast China, and one ceninteraction between the large scale flow and the weather sys-
tre of action with an opposite sign near the Caspian sea. Thitems is still absent (Hoskins et al., 1983), observational ev-
mode, prominent from September to May, is positively corre-idence shows that the weather systems are carried towards
lated with the winter precipitation in the Middle East, Turkey Europe by the southwesterly air-flow over the ocean, with
and the Black Sea, and negatively correlated with the precipthe stormtrack roughly overlapping with the exit region of
itation in France and central Europe (Xoplaki, 2002). Thethe Atlantic jet (Rodwell et al., 1999). In addition, the verti-
SCAND mode is characterized by a strong centre of actioncally integrated water vapor flux, which supplies moisture
in the Arctic Sea, north of the Scandinavian peninsula. Thisto these systems, approximately follows the same pattern
mode is prominent from August to May, and it is positively of the Atlantic jet, i.e., when the NAO is positive (nega-
correlated with the winter precipitation in South Europe, andtive), the vertically integrated water vapor flux points towards
negatively correlated with the precipitation over and east ofNorth Europe (South Europe) (Hurrell, 1995). An analy-
the Black Sea (Xoplaki, 2002). However, it is generally ac- sis done by Ruti et al. (2006) using NCEP-NCAR reanaly-
cepted that, during the cold season, the rainfall distributionsis and ECMWF data strengthens the hypothesis that the jets
between North and South Europe is mainly determined bycan catalyze the atmospheric perturbations at low frequency
the polarity of the NAO index. This index, characterized by because of their persistency, determined by large scale ther-
the simultaneous fluctuations of the Iceland low and Azoresmal contrasts by far exceeding the lifetime of the weather
high (Walker, 1924), is correlated positively with rainfall in perturbations.
North Europe and negatively with the rainfall in South Eu-  Given these observational facts, we focus our study on the
rope (Marshall et al., 2001a). The time spectrum of the NAOrainfall distribution during the Mediterranean rainy season
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Table 1. Variance explained by the NAO (Hurrel et al., 2003) and 7ao‘)’N1979_2007 Se
by the 1st PC of the 300 hPa zonal wind (PC1) over North Atlantic; % =
correlation between the NAO and the PC1 time-series. 60°N T
50°N
NAO U300 PC1 PC1-NAO
explained explained Correlation 40°N
variance variance 30°N
SON 0.23 0.32 0.43 207 ~ -
DJF 0.37 0.45 0.72 "W 0W 40
MAM 0.30 0.36 0.73 b) 1979-2007 Sep—May uwnd30
70°N
60°N
. . 50°N
Table 2. Summary of the SVD applied to 300 hPa zonal wind and
stormtrack and precipitation, in fall, winter and spring: 1st mode 40°N
(SVD1) squared covariance fraction (SCF) and correlation between 30°N
the expansion coefficients time-series (ECs). 2

200 s 40\, s n 1 ,
%D\N 60°W 40°W 20°W  0° 20°E 40°E 60°E

U300-stormtrack SVD1 U300-precipitation SVD1

SCF R (ECs) SCF R (ECs)
SON 047 0.90 0.38 0.90
DJF 053 0.94 0.45 0.83
MAM  0.44 0.93 0.38 0.82

(September to May), showing that the seasonal rainfall dis-
tribution is strongly correlated to the configuration of the jets
in the Euro-Atlantic region. Specifically, it will be shownthat 2}
these jets exert their control on storm distribution through al- | |
most meridional thermal and vorticity advections present in
their respective cross-jet circulations. Data and methods are °©
described in Sect. 2; in Sect. 3 we describe the relationship-1 f
between the NAO index and the stormtracks guided by the _, |
Atlantic jet; the dynamical features of the cross-jet circula-
tion are detailed in Sect. 4; the related seasonal rainfall dis-
tribution is shown in Sect. 5; the rainfall anomalies induced
by the jetstream variability are shown in Sect. 6; finally the
conclusions are drawn in Sect. 7.

d) 1979-2007 Sep—May NAO(bars)-PC1(line) | R = 0.62

1980 1985 1990 1995 2000 2005

Fig. 1. September to May climatologya) geopotential at 1000 hPa
(m) (red contours){b) stormtrack at 300 hPa @s~2) (red con-
tours); (a) and (b) the zonal wind at 300hPa (black contours,
5ms 1 interval beginning at 15nsl). September to May in-
terannual variability:(c) 1st PC of the 300 hPa zonal wind (PC1)

in homogeneous correlation maps (positive values in red, negative

. L L values dashed in blue, 95 % significance shaded in g(dyC1
The rainfall analysis is performed within 1W/-40 E, time-series (red line) and NAO index (blue bars).

30° N-5C N; the region enclosed by these boundaries in-

cludes the entire Mediterranean sea and its surrounding

mountain ranges. The rainfall data were taken from the CPC

Merged Analysis of Precipitation (CMAP) (Xie and Arkin, the exit region of the Atlantic jet and the entry region of

1997). These data are a combination of the raingauge obsethe African jet. The horizontal wind components, the ver-

vations with the satellite-estimated precipitations, and theytical velocity @, in pressure units), the geopotential height

are available on a global domain at 2rgsolution. and the potential temperature between 1000 and 100 hPa are
The atmospheric dynamical features are analyzed withirextracted from the NCEP-DOE Reanalysis 2 dataset (R-2;

80° W-6C E, 20° N-7C° N. This domain is larger than the Kanamitsu et al., 2002). The R-2 dataset is derived from the

domain where the rainfall is analyzed in order to encloseNCEP-NCAR Reanalysis, which incorporates satellite ob-

also that portion of the Euro-Atlantic region where there areservations, model simulations and in situ data. These data

2 Data and methods
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Fig. 2. Heterogeneous correlation maps of the 1st SVD mode (SVD1) between zonglaythdy) and stormtrackb, e, h)at 300 hPa, and

related expansion coefficients, f, i): in fall (upper panels), in winter
negative values dashed in blue, 95 % significance shaded in gray.
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Fig. 3. September to May climatology. Meridional cross sec-
tion zonally averaged between 20/ and 20 E: (a) ageostrophic
meridional wind ms? (positive values in red, negative values
dashed in blue);(b) potential temperature (K) (red contours);
the zonal wind is superimposed in black contours (5th Bter-

val beginning at 15 m3l); (c) 300 hPa zonal wind ntg (black
contours, 5m3! interval beginning at 15n7sh) and vorticity
(10*6 s~1) (positive values in red, negative values dashed in blue).
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(middle panels) and in spring (bottom panels). Positive values in red,

have a horizontal resolution of 2.%nd are available in a
number of vertical levels, given in pressure or sigma coordi-
nates.

Hereatfter, the jet is identified with that region where the
zonal wind exceeds 15n$ at 300 hPa (Branstator, 2002).
The storm activity is evaluated using the variance of the
meridional wind component at 300 hPa (Harnik and Chang,
2003),

/ 1 i 2
v :NZ(U,,_H—vn) , 1)

n=1

whereuv,, is the meridional wind on the-th day, andV is the
number of days through which the storm activity is evalu-
ated. The NAO index is computed using the monthly data of
the NOAA Climate Prediction Centehttp://www.cpc.ncep.
noaa.gov.

Our study refers to the period 1979-2007 and we apply
the Principal Component Analysis (PCA) and the Singu-
lar Value Decomposition (SVD) analysis (von Storch and
Zwiers, 1999). The PCA is used for identifying the main
mode of a field, while the SVD is used for computing the
covariance between two fields. The data are standardized
with the linear trend removed, and with the interannual vari-
ability retained. The related dynamical features are analyzed
using composite analysis. Finally, having verified that the

www.nat-hazards-earth-syst-sci.net/11/2469/2011/


http://www.cpc.ncep.noaa.gov/
http://www.cpc.ncep.noaa.gov/

M. Gaetani et al.: Jetstream and rainfall distribution in the Mediterranean region 2473

1st mode explains a large fraction of the variance and of the
covariance, the results shown hereafter refer to this mode.

S N SE— <
3 NAO and the Atlantic jet [ ¢ S -
T Atlantic §ei .
&

Upper Troposphere

o
w
>0

During the rainy season, the projection on the surface of the |
Atlantic jet overlaps with the pronounced pressure gradient *
located between the Icelandic low pressure and the Azoresg
high pressure (Fig. 1a), with a concentration of storm ac-
tivity in the exit region of this jet (Fig. 1b). The anomaly &
pattern of the 1st PC of the 300 hPa zonal wind (PC1), com- _ [=%.
puted for the North Atlantic in September—May (Fig. 1c), = ' ' ! ' ' ' T
strongly resembles the north-south pressure dipole of the ’ ’
wintertime NAO (Hurrell et al., 2003). The positive inter-
annual relationship between the zonal wind and the NAO is
clearly seen in the correlation between the PC1 time-series
and the NAO index®=0.62, Fig. 1d). This fact suggests R
that a northward (southward) displacement of the jet is re- o
lated to a positive (negative) value of the NAO index. The
robustness of the jet-NAO relationship is confirmed by the g
fact that the PC1 explained variance and the correlation be-
tween the PC1 time-series and the NAO index are higher in
winter and spring than in fall (see Table 1 and also Hurrell _
et al., 2003). In addition, the results from the SVD analysis
show that the jets are well correlated with the storm activity
(Wallace et al., 1988). Detailing, in fall an intensification of
the jet over North Europe with a weakening of the jet over
southwestern Europe is accompanied by an intensification ofig. 4. Conceptual picture of the vorticity and thermal advections
the storminess over North Europe and by a weakening of thelriven by the cross-jet circulations in the exit region of the Atlantic
storminess over southwestern Europe (Fig. 2a and b), withet and in the entrance region of the African jet.

the related Expansion Coefficients (ECs) shown in Fig. 2c.

In winter, the pattern is as in fall, but with a stronger cou- Euro-Atlantic region, the vertical cross section of the merid-
pling (Fig. 2d, e and f). In spring, an intensification of the ional ageostrophic wind, zonally averaged through\&6

jet over North Europe, accompanied by a Weakening of thezoo E, shows that the Cross-jet circulation contributes to the
jet over the Tropical Atlantic results in an intensification of divergence, with upward motion, in the mid and upper tro-
the storminess over North Europe and in a weakening of thd?0osphere in the exit region of the Atlantic jet, and to the
storminess over southeastern Europe (Fig. 2g, h and i). Théwer tropospheric divergence with subsiding motion, below
Squared Covariance Fraction (SCF) and the correlations bethe entrance region of the African jet (Fig. 3a). The divergent

tween the ECs time-series associated to the SVD are summa&geostrophic wind components have been computed by sub-
rized in Table 2. tracting from the wind vector the geostrophic contribution,

40

20

uagzu—ug,withugz—ikap, 2)
4 Cross-jet circulations rf
where f is the Coriolis parametep is the air density, and
The exit and entrance regions of a jet are characterized by is the vertical unit vector. In the lower troposphere, be-
cross-jet circulations; a schematic picture of these circuladow the exit region of the Atlantic jet, the northwards flow in
tions, and of the related horizontal advections, is shown bythe midlatitudes increases the baroclinicity, generating Con-
Uccellini and Kocin (1987) in their Fig. 3: to the south of vective Available Potential Energy (CAPE), while the south-
the entrance region of a jet, the thermal advection lowers thavards flow below the entrance region of the African jet low-
available potential energy, making the air more stable ancers the baroclinicity and the CAPE (Fig. 3a and b). The
inhibiting the formation of weather perturbations, whereasCAPE tendency is computed using the horizontal thermal ad-
the thermal advection in the exit region of a jet increasesvection (Eshel and Farrell, 2001),
the potential energy, making it available for the weather sys-
tem development. In the specific case of the two jets in the
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whereN? is the Brunt-\&isala frequencyw the vertical ve-
locity, p is the air density, and is the potential tempera-
ture. In this approximation, the flow is assumed adiabdjc,

6 =0, with the thermal vertical advection in balance with the
horizontal thermal advection and with the temperature ten-
dency neglected. While the sign of the advections is correct
in this approximation, the intensity of the advections is un-
derestimated by this approximation when the development of
the perturbations is strengthened by the diabatic interaction
between the cold air masses and the warmer Mediterranean
Sea (Ziv et al., 2010). In the upper troposphere, the horizon-
tal wind shear in the exit region of the Atlantic jet and in the
entrance region of the African jet is very large (Fig. 3c); the
southwards horizontal vorticity advection enhances the up-

Fig. 6. Heterogeneous correlation maps of the 1st SVD modeWards motion in the exit region of the Atlantic jet, whereas
(SVD1) between 300 hPa zonal wilid) and precipitatior(b) and

related expansion coefficien(s), in fall. Positive values in red,
negative values dashed in blue, 95 % significance shaded in gray. troposphere the changes of the vertical velocity are induced

Nat. Hazards Earth Syst. Sci., 11, 248881, 2011

the northwards vorticity advection favors the subsiding mo-
tion in the entrance region of the African jet; in the upper

by these advections,

www.nat-hazards-earth-syst-sci.net/11/2469/2011/
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vortex stretching in frictionless large scale flows (Eq. 4.22
in Holton, 1992), the second equation is the conservation
of the potential vorticity, with the vorticity tendency ne-
glected. A schematic picture of the cross-jet circulation in
the Euro-Atlantic region is shown in Fig. 4. In Fig. 4a (up-
per troposphere), the cross-jet circulation advects vorticity
southwards in the exit region of the Atlantic jet and north-
wards in the entrance region of the African jet whereas, in the
lower troposphere (Fig. 4b), the thermal advection is north-
wards in the exit region of the Atlantic jet and southwards in
the entrance region of the African jet.

The storm pattern eastwards of the exit region of the At-
lantic jet can be described using the schematic picture shown
by Hoskins et al. (1983) in their Fig. 13: the eddy activ-
ity generated in the lower troposphere propagates upwards
and eastwards, where this activity strengthens the barotropic
wind by weakening the wind shear. Towards the exit region
of the jet, where the barotropic flow weakens and spreads
horizontally, the eddy activity also spreads. The storms in
the northeasterly side of the jet are deflected towards North
Europe, whereas the storms in the southeasterly side of the
jet are deflected towards the Mediterranean region.

Summarizing, the thermal advection in the exit (entrance)
region of the Atlantic (African) jet produces an accumula-
tion (a depletion) of the CAPE in the lower troposphere, in

where ¢ + f) is the absolute vorticity. The first equa- conjunction with an upward (downward) motion in the upper
tion reflects the change of the absolute vorticity due to thetroposphere. l.e., the cross-jet circulation in the exit region
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horizontal thermal and the vorticity advections can be found
in Holton (1992), Rodwell and Hoskins (1996), and in Eshel
and Farrell (2000).

5 Seasonal rainfall distribution

Having analyzed the dynamical aspect of the cross-jet circu-
lations in the previous section, this section is devoted to the
analysis of the seasonal precipitation patterns downstream of
these circulations. In addition, the relationship between jet-
stream and rainfall variability is analyzed through the SVD
of 300 hPa zonal wind and precipitation, in order to highlight
the role played by the jets.

5.1 Fall

In fall, storm activity is concentrated in the exit region of
the Atlantic jet, which becomes relatively strong because
of the rapid cooling of the polar region after the summer,

of the Atlantic jet favors the development of the weather while the African jet is relatively weak because the south-
perturbations, as shown by a concentration of storm activ-ern Euro-Asiatic continent is still quite warm (Fig. 5a). With
ity in the exit region of the Atlantic jet, while the cross-jet this jet configuration, the air rises over southwestern Europe
circulation in the entrance region of the African jet hinders and subsides over the EM (Fig. 5b); the CAPE increases in
the formation of these perturbations by making the air morethe lower troposphere along the southeastern edge of the At-
stable. Theoretical details on the vertical motions forced bylantic jet and decreases over the EM (Fig. 5¢). Rainfall is
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Fig. 11. Fall composite analysis: years when the WM was wetter than normal in the left panels; years when the WM was dryer than normal
in the right panels; positive values in red, negative values dashed in blue, 95 % significance shaded (a, gra$00 hPa zonal wind

mean (black contours, 58 interval beginning at 15 nsh) and its anomaly ms!; (c, d) rainfall anomaly (mm day?); (e, f) meridional
ageostrophic wind nist and zonal wind (black contours, 2 minterval beginning at 2 msh) anomaly, vertical cross section zonally
averaged between 20V and 20 E; (g, h) vertical velocity anomaly (Pad).

abundant over Iberia, Italy, and the Balkans, while the EM isedge of the Atlantic jet and over the EM (Fig. 7c); rainfall
relatively drier than the WM (Fig. 5d). This overall picture is abundant over the Balkans and Turkey, while southeastern
has the additional support of the SVD analysis, which showdberia and the WM are relatively drier than the EM (Fig. 7d).
that an intensification of the jet over southwestern Europeln this case, the SVD analysis shows that an intensification

carries more rain to this region (Fig. 6). of the westerly flow over North Europe, and a weakening
of winds over South Europe, carries more rain to the south-
5.2 Winter eastern Mediterranean basin, while the western and central

Mediterranean are dryer than average (Fig. 8).
In winter both jets are very intense, the Atlantic jet has a

large northeasterly tilt, and its exit region reaches the Scandi5.3 Spring

navian Peninsula; the African jet reaches the Atlantic ocean,

with its entrance placed well off the coast of West Africa. In spring, the Atlantic jet weakens and retreats over the mid-
With this jet configuration, the storm activity is intense over dle of the Atlantic, also the African jet weakens, but it keeps
northwestern Europe, while it is absent over the WM, be-its winter width and position. The storm activity weakens,
cause the African cross-jet circulation hinders the storm ac-and, even if the African cross-jet circulation weakens, it is
tivity (Fig. 7a); in fact subsidence prevails over Iberia, while still sufficiently efficient in inhibiting the storm activity over
the uprising motions prevail over South Italy, the Balkans,the WM (Fig. 9a). With this jet configuration, the upward
and Turkey (Fig. 7b), the CAPE increases along the southermotions are confined to the Italian Peninsula (Fig. 9b), where
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Fig. 12. Same as Fig. 11, but for winter: years when the western-central Mediterranean was drier than normal in the left panels; years when
the western-central Mediterranean was wetter than normal in the right panels.

there is an increase of CAPE (Fig. 9c); the rainfall shows a6.1 Fall

maximum over the Alpine region and the Balkans (Fig. 9d).

The SVD analysis shows that the weakening of the westerlyin fall, when the rainfall is anomalously abundant in the
flow over the ocean and over West Africa, with an intensifi- WM, the African jet is weak and in its easternmost position,
cation of these winds over western Europe, carries more raitwhereas the Atlantic jet is almost zonal and in a rather south-
to the northern Mediterranean region, while the southwesterrern position (Fig. 11a and c); the upper branch of the cross-jet
Mediterranean is dryer than average (Fig. 10). circulation is stronger over Europe and weaker over North
Africa (Fig. 11e), with reinforced rising motions over the
WM (Fig. 119g). In these conditions the Black Sea is rather
dry.

. . . . . When the WM is drier than normal, the African jet is
In this section the seasonal rainfall anomalies are analyzed 'gtrong over North Africa, and the Atlantic jet has a large

relation to the jetstream configuration, through a CompOSitenortheasterly tilt (Fig. 11b and d); the upper branch of the

analysis. Ba_se_d on the SVD _anaIyS|s b_etween the zonal Wm%ross-jet circulation is stronger over Africa and weaker over
and the precipitation, shown in the previous section, the coms

. : . Europe (Fig. 11f), with reinforced rising motions over the
posites are constructed using the highest (3rd) and the Iowe%M (Fig. 11h). In these conditions the EM is rather wet.
(1st) tercile of the precipitation ECs time-series; the differ-

ences with the climatology are computed for the precipitationg 5 \vinter

and the jetstream dynamical features.

6 Seasonal rainfall anomalies

In winter as in fall, when rainfall is scarcer than normal in
the western-central Mediterranean, the African jet is very
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strong, with its entrance region in the middle of the Tropi- 6.3 Spring
cal Atlantic. The Atlantic jet is also very strong, with a large
northeasterly tilt (Fig. 12a and c). The upper branch of theln spring, the rainfall anomalies related to the jetstream vari-
cross-jet circulation is weaker over Europe and stronger ovefbility show a north-south dipole. Detailing, when rainfall
North Africa (Fig. 12e), with reinforced subsidence over the is anomalously abundant in Europe and North Africa is drier
western-central Mediterranean (F|g 129) Under these Conthan normal, the Atlantic jet weakens and retreats over the
ditions, rainfall is anomalously abundant in Northeast Africa. 0cean, and the African jet weakens and moves northwards
When rainfall is anomalously abundant in the western-(Fig. 13a, c). The upper branch of the cross-jet circula-
central Mediterranean, the African jet is weak and in a south1ion is weaker over North Africa and stronger over Europe
ern position, the Atlantic jet is aimost zonal and in a southern(Fig. 13e), with reinforced rising motions over Western Eu-
position (Fig. 12b and d); the upper branch of the cross-jetope (Fig. 139).
circulation is weaker over Africa and stronger over Europe When rainfall is anomalously abundant in North Africa
(Fig. 12f), with reinforced rising motions over the western- and Europe is drier than normal, the Atlantic jet is relatively
central Mediterranean (Fig. 12h). Under these conditionsStrong, with a large northeasterly tilt whereas the African jet
Northeast Africa is drier than normal. stays in a southern position, with a relatively strong intensity
(Fig. 13b and d); the upper branch of the cross-jet circula-
tion is weaker over Europe and stronger over North Africa
(Fig. 13f), with reinforced rising motions over North Africa
(Fig. 13h).
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