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Abstract. Some strong natural fluctuations of climate in the
Eastern Mediterranean (EM) region are shown to be connected to the major tropical systems. Potential relations between EM rainfall extremes to tropical systems, e.g. El Niño,
Indian Monsoon and hurricanes, are demonstrated. For a specific event, high resolution modelling of the severe flood on
3–5 December 2001 in Israel suggests a relation to hurricane
Olga. In order to understand the factors governing the EM
climate variability in the summer season, the relationship between extreme summer temperatures and the Indian Monsoon was examined. Other tropical factors like the Red-Sea
Trough system and the Saharan dust are also likely to contribute to the EM climate variability.

The Mediterranean climate is likely to be affected by several tropical systems as illustrated by some evidence collected in this paper. These factors range from the El Niño
Southern Oscillation (ENSO) and tropical hurricanes to the
Indian Monsoon and even to Saharan dust. This could lead
to complex features in the Mediterranean climate variability. In the following sections we review some tropical teleconnections to the Mediterranean climate in the following
order: El-Niño (Sect. 2), tropical cyclones (Sect. 3), Indian
monsoon (Sect. 4), Sudanese Low – Red Sea Convergence
Zone extending toward the Eastern Mediterranean as a Red
Sea Trough (Sect. 5); and Saharan dust (Sect. 6). A special
focus is given to the Central and Eastern Mediterranean.

in tropical Pacific SST and pressure, peaking in December
(during the Mediterranean winter rainy season), lead to shifts
in global circulation patterns, which may result in changes
in circulation patterns in midlatitudes, even in the Mediterranean.
We have investigated the possible teleconnection between
the tropical Pacific temperature anomalies and rainfall in
northern Israel (Price et al., 1998). It was found that a highly
significant statistical connection exists between winter SSTs
in the central/eastern Pacific (Nov-Apr), and integrated rainfall in northern Israel (Fig. 1). Instead of using rainfall from
only a few isolated stations, we used winter season Jordan
River streamflow anomalies, an integrated rainfall index for
the entire watershed. As shown by Price et al. (1998, their
Fig. 1), there is no shift in time when seasonal averages of
rainfall and Jordan River stream flow are concerned. Although a positive correlation exists, the strongest El Niño
does not have the largest streamflow anomalies, and vice
versa. However, 8 or 9 El Niño winters had above normal
rainfall in northern Israel. We need to point out that this connection was not found in the data prior to the 1970s. Have
the teleconnections changed over time? We explain these recent connections via changes in the position of the winter
jet stream during ENSO years. The mean position of the jet
stream in winter in the eastern Mediterranean is 30N, exactly
the latitude of Israel. If the jet stream shifts equatorward (El
Niño) or poleward (La Niña) by a few degrees, significant
changes in precipitation amounts can occur.
Alpert et al. (2002) have also shown enhanced contributions of daily torrential rainfall in Italy during El-Niño years.
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1 Introduction

El Niño and rainfall in Israel and Italy

The El Niño-Southern Oscillation (ENSO) is the largest oscillation of the Earth’s climate system after the annual cycle,
lasting for 12–18 months each time it occurs. Anomalies
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Tropical Cyclones and rainfall in Israel

Reale et al. (2001) showed that several cases of severe floods
over the Western Mediterranean could be traced back to hurricanes. Also, Hoskins and Berrisford (1988) related the severe 1987 storm in South England to hurricanes. Next, we
review a first study showing the relationship between Israel

tropical Pacific. From Price et al. (1998).
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Indian Monsoon and climate in the Eastern Mediterranean

4.1 Summer
and hurricanes. Over the period from 3–5 December 2001,
heavy rains fell in northern Israel reaching 250 mm in some
areas. The rains were associated with a relatively weak cyThe climatic regime and the dynamic factors governing the
clone system approaching the area from the north-west. AtEM in the summer season were analyzed. Two main dymospheric developments that produced the unusually intense
namic factors, competing with each other, were found to afrains and flash floods in Israel on 3–5 December 2001 were
fect the EM: Upper- to mid-level subsidence and lower-level
associated with upper-tropospheric jet stream activity. This
cool Etesian winds, which counteract each other. The persisactivity was stimulated by the PV streamer conditions in the
tent subsidence, causing the rain absence over the EM during
upper troposphere and by the intense intrusion of cold stratosummer, was found to be linked to the Asian Monsoon via a
spheric air masses into the troposphere over the Mediterclosed circulation clearly seen in the isentropic cross-section
ranean Sea area. Local topography and geography of the EM
(Ziv et al., 2004). It was found that strengthening (weakenregion also played a role of an additional triggering factor
ing) of the Asian Monsoon enhances (weakens) both comin the process. The intense synopticFigure
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(for the period 1948–2002). This warming was combined
mospheric water vapor took place during the first stage of
with an increase in the extremity of the temperature regime,
the hurricane development. Both the rise of large amounts of
manifested by an increase in the frequency of both “hot”
warm and moist tropical air and the subsequent release of laand “cool” days and by an increase in the seasonal maxtent heat caused an additional intensification of the hurricane.
imum temperatures, 0.020 K/y, which is three times larger
This process also induced development of an anticyclone to
than the increase in the respective minimum temperatures.
the NE of Olga. The ascending moist air from Olga was later
Both trends are demonstrated by the temperature distributransported to Europe and finally to the Mediterranean region
tion for the two 30-year sub-periods (Fig. 2) (Saaroni et al.,
by the high intense clockwise atmospheric circulation in the
2003). It is worth noting also that the warm spells have beprocess of Olga’s decline. This process led to the southward
come longer with time.
propagation of the polar jet and to the establishment of a situation characterized by the tropopause fold PV streamer with
4.2 Winter
an extrusion of cold upper-tropospheric and stratospheric air
over the south Alpine and the central Mediterranean areas.
Formation and intensification of the EM cyclone of 3–5 DeIt has been also recently shown (Alpert et al., 2004c) that
cember 2001 was additionally stimulated by the interaction
winter rainfall in Israel in extreme seasons (since 1880) is in
of the polar and subtropical jets over the region (Krichak et
a significant negative correlation with the rainfall index for
ed Sea Trough
frequencies as totals per hydrological year (August
to July)
andIndian Monsoon.
al., 2004).
the preceding
summer
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Red-Sea Trough’s trends and EM climate

Fig. 4. Average wind flow of the dusty period 5–9 July 1988 at
700 hPa. From Barkan et al. (2005).

The Red Sea Trough (RST) synoptic system develops over
the EM region in the cool season (October to April), when
the Subtropical High retreats southwestward out of the EM.
The RST, which is characterized by the easterly winds in its
north-eastern part, mostly brings dry weather into the EM
countries, with large diurnal temperature variations. The
semi-objective classification of the EM daily synoptic systems (Alpert et al., 2004a) allowed analyzing the climatic
trend in the numbers of RST days (frequencies of occurrence). Since mid-1960s to early 2000s the annual numbers
of the RST days rose from about 40 to about 100 (Fig. 3).
This means a general drying of the EM climate. For instance,
the drought of late 1950s – early 1960s over the EM corresponds to a local rise in RST frequencies. Alternatively, two
recent remarkably rainy EM winters – 1991/92 and 2002/3
correspond to local drops in RST frequencies.
Averaged seasonal distributions of the RST frequencies
during two 28-year adjacent non-overlapping periods have
been analyzed on a daily basis following Alpert et al.
(2004b). Comparison of these two periods for the month of
October shows that the rise in the October RST frequencies
(Fig. 3) was accompanied by the reductions in the Persian
Trough (PT) frequencies in the first decade of this month and
those of the Subtropical High (SH) in its second and third
decades. Both PT and SH are the warm season’s systems
with westerly winds that bring the moisture of the Mediterranean Sea into the EM countries. At the same time, the
increase of the October frequency of RST was accompanied
by the decrease in the frequency of the Cyprus Lows bringing
the rainfall in the region. Consequently, the October increase
in RST frequencies explains the general drying EM climate
in the early autumn, in spite of the fact of increasing number
of the October rainfall in South Israel.
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Mediterranean dust transport from Sahara

The role of atmospheric aerosols on the climate system is
found to be most significant (IPCC, 2001). The mean synoptic situation associated with dust outbreaks from Sahara into
the Central Mediterranean was examined on daily basis for
the month of July from 1979 to 1992 (Barkan et al., 2005).
It was found that the strength and position of two essential
features of the circulation patterns, such as the trough emanating southward from the Iceland low and the eastern cell of
the subtropical high, are the governing factors in making suitable flows for the Saharan dust transportation toward Central
Europe. The typical composite pattern of wind in the case of
five days of great quantity of dust in the atmosphere above
Italy between 5–9 July 1988 is shown by Fig. 4. One can see
a deep low over Ireland with a strong trough emanating from
it southward and splitting the subtropical high into two separate cells. The eastern one is seen over Sicily. Between the
Irish low and the Sicilian high, a strong southwesterly flow
transports dust from Mauritania across the Western Mediterranean to Central Europe.
7

Conclusions

The aforementioned evidence of tropical tele-connections to
the Mediterranean climate suggests further analysis in order to test these relationships by using appropriate statistical
methodologies.
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