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Abstract The relationship between five teleconnection
patterns (North Atlantic Oscillation (NAO), Arctic
Oscillation (AO), East Atlantic/Western Russian (EAWR)
pattern, Scandinavian (SCAND) pattern, and El Niño
Southern Oscillation (ENSO)) and the frequency of
occurrence of days (per month) with extreme precipitation in
the Euro-Mediterranean region is investigated with National
Centers for Environmental Prediction–National Center for
Atmospheric Research reanalysis data. To quantify the
teleconnection–precipitation relationships over the Euro-
Mediterranean region, linear correlations are calculated
between the monthly teleconnection indices for the five
patterns and time series at each grid point of the monthly
frequency of days with extreme precipitation, focusing on
daily precipitation amounts that exceed a particular threshold
value (a 90 % threshold is used). To evaluate dynamical
processes, the teleconnection indices are also correlated with
the frequencies of days with extreme values of dynamic
tropopause pressure and precipitable water. The former
quantity is used as a proxy for potential vorticity intrusions
and the latter to identify regions of enhanced moisture. The
results of this analysis indicates positive, statistically
significant correlations between the NAO, AO, and SCAND

indices and the frequency of extreme precipitation in the
western Mediterranean; positive (negative) correlations
between the EAWR index and the extreme precipitation
frequency in the eastern (western) Mediterranean; and a
positive correlation between the Niño3.4 index and the
extreme precipitation frequency over the Iberian Peninsula
and the Middle East. For all of the teleconnection patterns
other than ENSO, the dynamic tropopause pressure
correlation patterns resemble those for the precipitation. In
contrast, similar precipitation and precipitable water
correlation patterns are observed only for ENSO. These
findings suggest that the teleconnections affect the interannual
variation of the frequency of days with extreme precipitation
over a large part of the Euro-Mediterranean region through
their impact on the spatial distribution of regions with
enhanced potential vorticity and air moisture.

1 Introduction

A change in the character of precipitation over Europe during
the second half of the 20th century has been recently identified
(Zolina et al. 2010). Over much of the area wet episodes are
now lasting longer and are more intense than 60 years ago.
Furthermore, this trend in the intensity of precipitation events
was found to be correlated with a trend in the frequency of
occurrence of days with extreme precipitation (Zolina et al.
2010). The above findings provide the basis for the
application of a frequency perspective in the analysis of
climate variations over the Mediterranean region (MR), which
is defined in this study as that region which includes the
Mediterranean Sea, southeastern Europe, and near coastal
areas of northern Africa and the Arabian Peninsula.

The path that cyclones take through the MR typically
depends upon the large-scale atmospheric conditions
associated with several teleconnection patterns, or climate
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anomalies. Furthermore, several studies have shown that a
number of teleconnection patterns play an important role in
determining the transport of moisture into the MR (e.g.,
Mariotti et al. 2002; Lionello et al. 2006a, b). In particular, it
has been found that the anomalous flows associated with
teleconnection patterns can result in some parts of the region
lacking precipitation at the expense of excessively wet
conditions elsewhere. For example, high-pressure conditions
in southeastern Europe tend to divert the Mediterranean storm
track southwards, resulting in increased precipitation in the
eastern Mediterranean (EM) (Ulbrich and Christoph 1999). In
contrast, an increase in the number of northern Mediterranean
storms results in fewer cyclones and hence lower precipitation
in the EM.

Among those teleconnections that have been found to
influence the monthly mean precipitation in the MR region,
the following five patterns are most important—the North
Atlantic Oscillation (NAO), Arctic Oscillation (AO), East
Atlantic/Western Russia pattern (EAWR), Scandinavian
Oscillation (SCAND), and El Niño Southern Oscillation
(ENSO), as specified below.

The NAO is associated with a meridional dipole structure
in sea level pressure, with its two centers of action being
located near Iceland and the Azores. The results of analyses
(Hurrell 1995; Lionello et al. 2006a, b) demonstrate an
increased frequency of occurrence of strong cyclones and
above normal precipitation amounts during negative NAO
months over the northern and western MR. The impacts of
both the positive and negative NAO show a decreasing
influence in the eastern and especially in the southeastern
parts of the MR (Trigo et al. 2006).

The Arctic Oscillation (AO) is quite similar to the NAO
(Wallace and Gutzler 1981; Thompson and Wallace 1998;
Ambaum et al. 2001), except for the presence of an additional
center of action over the northeast Pacific. As with the NAO,
the AO is a major source of intra-seasonal variability over the
North Atlantic and Europe during winter, but its influence
remains detectable throughout other seasons. The relationship
between the NAO and AO is not fully understood (e.g., Cohen
and Barlow 2005; Givati and Rosenfeld 2013). Although these
two patterns are highly correlated with each other (Thompson
andWallace 2000; Wallace 2000), as we will see, the impact of
these two patterns on MR precipitation may be different.

The EAWR pattern is associated with a positive
geopotential height anomalies over western Europe and
northern China and negative geopotential height anomalies
over the North Atlantic and north of the Caspian Sea. It is
useful to note that the strength of the negative height anomaly
center over the North Atlantic is at its maximum during the
autumn months and weakens into the cool season (http://
www.cpc.ncep.noaa.gov/). Significant positive correlations
have been observed between the EAWR index and
precipitation over northeastern Africa, the Near East, eastern

Turkey, and the Black Sea, whereas negative correlations are
found over the northwestern Mediterranean and western
Europe (Quadrelli et al. 2001; Krichak et al. 2002; Xoplaki
et al. 2004; Krichak and Alpert 2005a, b; Trigo et al. 2006;
Feldstein and Dayan 2008).

The Scandinavian pattern (SCAND) consists of one center
of action which spans Scandinavia and the adjacent Arctic
Ocean and a second, weaker, center with opposite sign that
extends across southern Europe, the MR, and western Siberia
(Barnston and Livezey 1987). Positive SCAND months are
typically associated with above normal precipitation across
central and southern Europe including Italy, the eastern
Adriatic coast, and the southern Alps and below-average
precipitation across Scandinavia (Quadrelli et al. 2001;
Xoplaki et al. 2004; Lionello et al. 2006a, b; Trigo et al.
2006, 2008).

The ENSO phenomenon is characterized by a 3- to 7-year
quasi-periodic climate pattern in the tropical Pacific Ocean.
During positive ENSO (i.e., El Niño) events, the tropical
atmosphere warms and the subtropical jet stream strengthens
on its equatorial flank and shifts toward the equator. The
Hadley circulation intensifies and also contracts equatorward.
Poleward of the tropical warming there is a latitudinal belt of
marked cooling, extending from the surface to the tropopause
(Fraedrich and Muller 1992). The ENSO has also been found
to affect synoptic processes over Europe (Seager et al. 2003;
Pozo-Vazcuez et al. 2005). It has been shown that during the
autumn and early winter periods preceding positive ENSO
years, the western MR receives about 10 % more rainfall than
average (Mariotti et al. 2002; Shaman and Tziperman 2011).
For the EM, the relationship is less clear. A statistically
significant ENSO–EM rainfall correlation during late autumn
has been found for the time period after the mid-1970s (Price
et al. 1998; Alpert et al. 2006). No statistically significant
correlation has been detected, however, for the time period
from the early 1950s to the mid-1970s. Awell-based physical
explanation for the change in the precipitation response to
ENSO has not been found. The change in the EM
precipitation–ENSO response (Price et al. 1998) could be a
consequence of the fact that the Indian Ocean experienced a
sudden surface warming after 1976–77. The evolution of
ENSO was also different before and after the 1976–77 regime
shift (Terray and Dominiak 2005).

Some inconsistencies in the results of the previous studies
of the relationship between the teleconnections and EM
precipitation have to be indicated. Ben-Gai et al. (2001) and
Ziv et al. (2006) reported that rainfall over Israel is not
correlated with the NAO. However, Eshel and Farrell (2000,
2001) suggest that rainfall over the EM is modulated by the
NAO. Krichak et al. (2002) found a link between EM rainfall
and the NAO and EAWR patterns with maximum
precipitation taking place during positive EAWR and NAO
months. Krichak et al. (2002) and Krichak and Alpert (2005a,
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b) suggest that precipitation variability in this region is
primarily affected by the EAWR, with a secondary influence
from the NAO. The results of Black (2011), however, provide
evidence for the NAO playing the primary role.

The inconsistencies may partly be a consequence of
insufficient accuracy and scarcity of the data available, as well
as differences in the precipitation data (reanalysis versus rain
gauge) and the areas of evaluation used in the analyses.
Indeed, a large number of the earlier investigations of
precipitation–teleconnection relationships in the MR have
been based on daily rain gauge observations (e.g., Xoplaki
et al. 2004; Toreti et al. 2010; Black 2011). Although rain
gauge data are quite reliable on average, this strategy is not
free of problems. The data are not sufficiently accurate for
extreme precipitation events due to wind extremes, which
prevent rain from entering the gauge (Observer’s Handbook
2000). The spatial distribution of the stations is also quite
irregular, and their density is typically insufficient over
complex terrain regions, such as the deserts of northern
Africa and the Near East (e.g., Haylock et al. 2008). In
addition, the results from rain gauge measurements are less
reliable in areas that lack precipitation (Nicholson et al. 2003),
where rainy events are mainly due to small-scale convection.
Similar problems also characterize the gridded data archives
(CRU, E-OBS, VASClimO) that are based on rain gauge
measurements (Beck et al. 2005; Mitchell and Jones 2005;
Haylock et al. 2008).

Another strategy for the study of MR precipitation which
involves the use ofmodel-produced precipitation data, which are
currently available from homogeneously distributed, multi-year,
daily precipitation datasets such as reanalyses is also not free of
its own limitations (Bengtsson et al. 2004a, b), in particular as a
consequence of significant changes in the operational
observation system during the second half of the past century.

The effect of teleconnections on MR precipitation with a
special emphasis to the EM is re-visited in the current study
using a frequency approach, which is capable, in part, of
overcoming the above problems. In Section 2, the data and
methodology are described. The impact of teleconnections on
precipitation throughout the MR is presented in Section 3. In
Section 4, the influence of teleconnections on upper-
tropospheric features and moisture is examined. A discussion
and concluding remarks are given in Section 5.

2 Methodology and data

Implicit in earlier studies that relate teleconnections to MR
precipitation is that changes in the background wind and
temperature fields associated with the teleconnection patterns
alter the environment in which storms develop, which in turn
leads to changes in precipitation. An important factor in the
development of extreme precipitation events is the interaction

between smaller-scale features that are embedded within the
larger synoptic-scale storm systems (Browning 1997).
Examples of such phenomena are the southward intrusion of
bands of high potential vorticity (PV) air in the upper
troposphere/lower stratosphere. These are often referred to
as PV intrusions or PV streamers, which are typically
accompanied by a local lowering of the tropopause (including
tropopause folds), intense vertical motion, regions with a high
concentration of vertically integrated water vapor, rapid
cyclogenesis, intense convection, and heavy rainfall (see
Browning 1997). Because of case-to-case variability in their
positioning, it is generally rather difficult to identify
mesoscale features associated with teleconnections using
composite or correlation analysis (Benedict et al. 2004;
Franzke et al. 2011). The frequency approach, adopted in this
study, circumvents this problem.

Precipitation and precipitable water (vertically integrated
atmospheric moisture content) from the multiyear gridded
dataset of the National Centers for Environmental
Prediction–National Center for Atmospheric Research
Reanalysis Project (NNRP) (Kalnay et al. 1996) are used.
This choice of dataset for the evaluation is motivated by its
successful application in a large number of earlier
climatological investigations for the Euro-Mediterranean
region (e.g., Zolina et al. 2004; Krichak and Alpert 2005a, b;
Lionello et al. 2006a, b). The NNRP data are available for the
entire globe with a 2.5×2.5° spatial resolution for the time
period from 1948 to the present. Daily data for the 1961–2000
are adopted.

The data from the NNRP archive are supplemented by
values of dynamic tropopause pressure (DynTroP) calculated
from the wind and temperature data defined on isobaric
surfaces. For these calculations, the hydrostatic form of the
Ertel (1942) potential voricity is used (Hoskins et al. 1985;
Krichak et al. 2004). Dynamic tropopause pressure values at
all grid-points (except for a 10° belt in the tropics) are
determined in a downward search of the first atmospheric
pressure level corresponding to the 2.0 PVU surface, starting
from 100 hPa (1 PVU=10−6m2s−1 K kg−1).

The methodology for determining the frequency of days
within each month with extreme values of precipitation
(ExtPrecF), dynamic tropopause pressure (DynTroPF), and
precipitable water (PrecWatF) is essentially that used by
Carril et al. (2008). For each of the above three variables, at
all grid points within the Euro-Mediterranean region, the total
numbers of days within each month that the variables are
found to exceed a particular threshold value have been
counted. For each variable, the threshold value is determined
by separating the data into quantiles. This division into
quantiles is performed separately for each grid point and each
day for the 1961–2000 time period. In this study, we choose
the 90 % threshold, that is, a value that is exceeded by only
10 % of the days within the time period of this study. The
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choice allows the current study to be focused on the weather
events that are extreme (i.e., well above normal values at each
grid point) for the variables of interest (Krichak et al. 2009a, b;
Gualdi et al. 2012). For the ExtPrecF calculations, all nonzero
precipitation amounts are used. It must be pointed out here
that over dry regions, such as for example over northern
Africa and the Middle East, the above normal precipitation
amounts may actually be quite low. Monthly time series of the
frequency [number of days within each month] of extreme
values of the above three variables at each grid point in the
Euro-Mediterranean region have been constructed.

The spatial patterns of the linear correlations between the
ExtPrecF, DynTroPF, and PrecWatF fields and the
teleconnection indices are computed. The monthly NAO,
AO, EAWR, SCAND, and Niño3.4 (defined as the sea surface
temperature averaged over the region 5°S–5°N, 170°W–
120°W in the tropical Pacific, is commonly used to
characterize the amplitude of the ENSO) indices are obtained
from the National Oceanic and Atmospheric Administration/
Climate Prediction Center. The calculations are performed
separately for three groups of months of the MR rainy season
(October–November, December–January, February–March).

Increased values of the frequency of days with large values
of dynamic tropopause pressure are considered as a proxy for
tropopause folds and PV intrusions, and increased values of the
frequency of days with large values of precipitable water
(PrecWat) are regarded as a proxy for intense moisture transport
into the region.We have calculated correlations based on the
Pearson’s r method. Statistical significance of the correlation
maps is tested following the Student’s t test with a null
hypothesis of zero. Following Carril et al. (2008), correlation
maps are tested at p <0.05. In the figures to be presented below,
the regions with positive statistically significant correlations are
represented by cold (green-to-violet) colors and negative
statistically significant correlations by warm (yellow-to-red)
colors.

3 The relationship between teleconnections
and the frequency of days with extreme precipitation

Figure 1a–c presents patterns with the correlations between
the ExtPrecF at each grid point and the NAO index. The
correlations are rather small during autumn (October–
November, Fig. 1a) but are quite considerable during the rest
of the rainy season (Fig. 1b, c). As can be seen, the NAO index
is positively (negatively) correlated with the frequency of
extreme precipitation (ExtPrec) days over western Europe
(the northwestern MR) These changes in the frequency of
ExtPrec days may be seen as a consequence of changes in
the location of the cyclone tracks (Lionello et al. 2006a, b). It
is worth noting here that based on the patterns (Fig. 1a–c),
practically no NAO role (except for a small zone with positive

correlation in Fig. 1b) in determining frequency of ExtPrec
days may be detected in the EM–Near East area.

Figure 2a–c shows the correlations between the ExtPrecF
and the AO index. The spatial patterns are generally similar to
those for the NAO. As for the NAO, the relationship between
the AO and the frequency of ExtPrec days is strongest from
December through March (Fig. 2b,c). It may be noted,
however, that the zone with positive statistically significant
AO–ExtPrecF correlations over the EM and Near East for

Fig. 1 a–c Spatial distribution of linear correlations between the NAO
time series and ExtPrecF a October–November, b December–January, c
February–March (here and in the following figures the shaded areas
depict regions with the correlations statistically significant at greater than
the 5 % level)
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February–March is also present in Fig. 2b and is larger than
that for the NAO (Fig. 1b).

The results for the EAWR are given in Fig. 3a–c. Two
regions with strong EAWR–ExtPrecF correlations during
October–November and December–January are found. One
(with negative correlations) is located over the northeastern
Atlantic and western and southwestern Europe and the other
(positive) over a large area from northern Russia to the
Caspian Sea. For the EM, this relationship is strongest during
December–January (Fig. 3b), when a positive (over the
southern part of the region) statistically significant correlation
of ExtPrecF with the EAWR index is found.

The corresponding SCAND–ExtPrecF correlations are
given in Fig. 4a–c. The patterns are characterized by two
regions of statistically significant SCAND–ExtPrecF
correlations, one negative over northern Europe and the other
positive over southwestern Europe and the MR. A narrow
zone with strong positive SCAND–ExtPrecF correlations
during December–January (Fig. 4b) over the Near East is
present.

The correlation patterns associated with the Niño3.4 index
are shown in Fig. 5a–c. The patterns indicate the existence of
several areas over the eastern Atlantic, Iberian Peninsula, and
the Near East characterized by statistically significant positive

Fig. 2 a–c Same as in Fig. 1, but for AO Fig. 3 a–c Same as in Fig. 1, but for EAWR
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correlations between the Niño3.4 index and the frequency of
extreme precipitation days during October–November
(Fig. 5a). The ENSO is found to have little impact on the
frequency of ExtPrec days for the remaining months of the
cool season (Fig. 5b, c).

4 Effects of teleconnections on the frequency of extreme
DynTroP and PrecWat days

The spatial distribution of the correlations between the NAO
index and DynTroPF are given in Fig. 6a–c. The two centers

of the NAO dipole in the northern Atlantic are well
represented in these figures by the areas with positive and
negative NAO–DynTroPF correlations over the Icelandic
Low and Azores High. An area with strong negative NAO–
DynTroPF correlations over northwestern Siberia during
winter (Fig. 6b, c) may also be seen. Another region with
strong and widespread statistically significant positive NAO–
DynTroPF correlations is found for North Africa and the Near
East, where the subtropical jet of winter is typically located.

It may be noted here that a similar tripole pattern for the
northern Atlantic and North Africa was found by Benedict
et al. (2004) (see Figs. 3 and 5 of that study, for the positive

Fig. 4 a–c Same as in Fig. 1, but for SCAND Fig. 5 a–c Same as in Fig. 1, but for Niño3.4
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and negative NAO, respectively) for the composite potential
temperature field on the dynamic tropopause during NAO
events (Benedict et al. (2004) defined an NAO event as being
a time period of four or more consecutive days for which that
NAO index exceeds a value of 1.33 standard deviations). The
spatial patterns in Fig. 6 can be understood from Benedict
et al. (2004) whose findings for positive phase NAO events
(and vice versa for the negative NAO) are consistent with an
increase in the frequency of extreme dynamic tropopause
pressure days (a lowering of the tropopause) arising from
the equatorward advection of cold air on the dynamic
tropopause and a decrease in the frequency of extreme

dynamic tropopause pressure days (a rising of the tropopause)
being due to poleward advection of warm air also on the
dynamic tropopause. Benedict et al. (2004) also showed that
a dominant feature of individual positive NAO events is the
development of PV intrusions off the northwest coast of
Africa and over North Africa itself (Fig. 3 of that study). In
contrast, for the negative NAO, they showed that there is an
absence of PV intrusions in the same region (Fig. 5 of that
study). Those results are consistent with the above positive
DynTroPF correlation maximum over North Africa.

The corresponding NAO–PrecWatF correlations (Fig. 7a–c)
show a wide area of negative correlations over much of the

Fig. 6 a–c Same as in Fig. 1, but for NAO–DynTroPF relationship

Fig. 7 a–c Same as in Fig. 1, but for NAO–PrecWatF relationship
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Mediterranean Sea that is located northward of the region of
positive DynTroPF correlations over northern Africa (Fig. 6a–
c), particularly during December–March. Also, there is a broad
area of positive NAO–PrecWatF correlations over northwestern
Siberia that strengthens throughout the winter (Fig. 7b, c).
These NAO–PrecWatF correlations are also consistent with
Benedict et al. (2004) (Figs. 3 and 5 of that study). This is
because, as that study shows, relative to the climatology, the
positive NAO is associated with an eddy-driven jet over the
North Atlantic that is displaced poleward and a subtropical jet
over North Africa that is weaker and displaced equatorward.
This results in the two jets being well separated, and storms
from the North Atlantic are less likely to reach the
Mediterranean during the NAO-positive months. In contrast,
for the negative NAO, the eddy-driven jet is displaced
equatorward and the subtropical jet poleward relative to the
climatology. This results in a merger of the two jets over the
northwest Atlantic and westernMediterranean, which increases
the likelihood that North Atlantic storms reach the
Mediterranean during the NAO negative months.

The patterns presenting the relationship between the AO
and DynTroPF and PrecWatF (Figs. 8a–c and 9a–c) are
similar to those for the NAO (Figs. 6a–c and 7a–c). It is
interesting to note, however, that the correlations for AO–
DynTroPF in the EM are larger and extend over a greater area
those for the NAO–DynTroPF for the same region. These
larger AO–DynTroPF correlations may be related to the
AO–ExtPrecF correlations (Fig. 2a–c) being larger than those
for the NAO (Fig. 1a–c) for the Near East and EM. As is the
case with the NAO, there are also statistically significant AO–
DynTroPF and AO–ExtPrecF correlations for northern
Europe and northwestern Siberia which are strongest during
the winter months.

The DynTroPF and PrecWatF correlations with the EAWR
index are given in Figs. 10a–c and 11a–c, respectively.
Figure 10a–c shows good agreement with the EAWR–
ExtPrecF correlations in Fig. 3a–c. The main feature that can
be seen in the EAWR–DynTroPF correlation patterns
(Fig. 10a–c) is a negative extremum over the northeast
Atlantic/western Europe (associated with the positive
geopotential height anomaly that characterizes the EAWR
pattern) and a positive extremum (associated with the negative
EAWR anomaly center) over southeastern Europe and the EM
(which is in agreement with Krichak et al. 2002). The EAWR
pattern shows similar relationships as those found for the
NAO and AO, with (1) the ExtPrec correlations resembling
those of DynTroPF, and (2) regions with positive DynTroP
correlations being located equatorward of those regions with
negative PrecWat correlations. In contrast with the NAO and
AO, the amplitude of the EAWR correlations is strongest
during the autumn months which may be seen as a
consequence of the earlier presented characteristics of the
teleconnection patterns.

The correlations between the frequencies of extreme
DynTroP and PrecWat values and the SCAND index are
presented in Figs. 12a–c and 13a–c, respectively. As can be seen,
the pattern for October–November (Fig. 12a) is characterized by
high positive SCAND–DynTroPF correlations over the
midlatitude northeastern Atlantic, southwestern Europe, and part
of the western MR and strong negative SCAND–DynTroPF
correlations over Scandinavia and northeastern Europe
(Fig. 12a). A region with negative SCAND–DynTroPF
correlations characterizes the southeastern MR (Fig. 12c).
Overall, it may be concluded here that these correlation patterns
resemble the SCAND–ExtPrecF correlations in Fig. 4a–c. With
regard to the SCAND–PrecWatF correlations (Fig. 13b–c), a

Fig. 8 a–c Same as in Fig. 6, but for AO
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region with negative values extending from the northeastern
Atlantic to western Siberia can be seen. Over the MR, positive
SCAND–PrecWatF correlations are found for the western and
central parts of the region for December–January and for the EM
during February–March.

The patterns for the Niño3.4–DynTroPF and Niño3.4–
PrecWAtF spatial correlations are presented in Figs. 14a–c
and 15a–c, respectively. It is important to note that the
intensity of the ENSO correlations is much smaller than those
for the other teleconnections considered. Nevertheless, the
patterns demonstrate the existence of a notable impact of the
ENSO on the MR. Namely, for October–November

(Fig. 14a), bands of positive Niño3.4–DynTroPF correlations
are found to the northwest of the Iberian Peninsula and much
of the Middle East and negative Niño3.4–DynTroPF
correlations are observed for the northeast Atlantic, the
northeast Mediterranean, and to the east of the Caspian Sea.

A comparison with Fig. 5a indicates that regions with
positive Niño3.4–ExtPrecF correlations exhibit only partial
overlap with those characterized by positive DynTroPF
correlations during the October–November months. The
Niño3.4–PrecWatF correlations for October–November
(Fig. 15a) indicate positive values over the western and central
Mediterranean, northeastern Africa, and the Middle East.

Fig. 9 a–c Same as in Fig. 7, but for AO Fig. 10 a–c Same as in Fig. 6, but for EAWR
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These positive correlations indicate a more intense influx of
humid air masses from the Indian Ocean and tropical Africa
into the Middle East and Arabian Peninsula during El Niño
years (mainly associated with Red Sea troughs (e.g., Alpert
et al. 2006)). Figures 14b, c and 15b, c present the Niño 3.4–
DynTroPF and Niño3.4–PrecWatF correlations for
December–January and February–March, respectively. For
the MR, the patterns indicate negative DynTropF correlations
over northwestern Africa and the southern tip of the Iberian
Peninsula and positive PrecWatF correlations over the Iberian
Peninsula and northwestern Africa (Fig. 15b, c).

5 Summary and discussion

A frequency perspective has been applied to evaluate the
relationship between teleconnection patterns and extreme
precipitation events, with a focus on theMediterranean region.
The approach adopted involved calculating the correlations
between various monthly teleconnection indices and the
frequency of days that have extreme values (using the 90 %
threshold value) of precipitation, dynamical tropopause
pressure, and precipitable water within three 2-month time
periods (October through March) for the entire Euro-

Fig. 11 a–c Same as in Fig. 7, but for EAWR
Fig. 12 a–c Same as in Fig. 6, but for SCAND
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Mediterranean region. The results obtained indicate that
teleconnection patterns that are remote from the
Mediterranean, such as the NAO, AO, EAWR, SCAND, and
the ENSO, have a substantial impact on the frequency of
Mediterranean extreme precipitation days.

For the Mediterranean, the key region of this study, the
largest correlations between the extreme precipitation
frequency and the various teleconnection indices were as
follows: (1) for the NAO and AO, negative for the western
Mediterranean; (2) for the SCAND, positive for the western
Mediterranean; (3) for the EAWR, positive (negative) for the
eastern (western) Mediterranean; and (4) for the ENSO,

positive correlations in the western Mediterranean. It is worth
repeating here that whereas the impact of the NAO, AO and
(partly) SCAND in the MR increases during the cool season,
the influence of the EAWR in the MR decreases during this
season. This may be a consequence of the different seasonal
variation of this teleconnection pattern. For ENSO, these
correlations are rather weak and are limited to October–
November.

Dynamical insight was attained by correlating the
teleconnection indices with the frequency of extreme dynamic
tropopause pressure and precipitable water days. For four of

Fig. 13 a–c Same as in Fig. 7, but for SCAND
Fig. 14 a–c Same as in Fig. 6, but for Niño3.4
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the five teleconnections (all but ENSO), it was found that the
pattern of correlations between the teleconnection indices and
the frequency of extreme dynamical tropopause pressure days
was rather similar to those between the teleconnection indices
and the frequency of extreme precipitation days. The
coincidence of positive extreme precipitation and positive
extreme dynamic tropopause pressure correlations suggests
that extreme precipitation events tend to be associated with
potential vorticity intrusions. As studies such as Benedict et al.
(2004) and Franzke et al. (2011) have shown, after
teleconnection patterns have been established, the tracks taken
by storms may be altered by the flow field associated with the

teleconnections. Furthermore, the altered path of the storms is
followed by wave breaking, a local lowering of the
tropopause, and the intrusion of potential vorticity into regions
where potential vorticity intrusions are climatologically less
frequent (Martius et al. 2007). Thus, from these results, it
appears that the teleconnection patterns influence extreme
precipitation events in the Mediterranean by changing the
location of potential vorticity intrusions.

The correlations between the teleconnection indices and
the frequency of extreme precipitable water days yielded
values of opposite sign and to the north of those locations
for the extreme precipitation and dynamical tropopause
pressure correlations. This result suggests that the impact of
the teleconnection patterns is a decline (increase) in the
moisture to the north during the presence (absence) of
potential vorticity intrusions. Such behavior is consistent
with the alteration of the cyclone tracks caused by the
flow associated with the teleconnections. However, the
absence of statistically significant extreme precipitable
water correlations at the location of the largest extreme
precipitation correlations suggests that the changes in
the moisture field associated with these teleconnections
probably have at most a secondary influence on the
occurrence of the extreme precipitation.

For ENSO, during the months of October–November, the
locations of the largest positive correlations between the
Niño3.4 index and the frequency of extreme precipitable
water days is similar to those for the correlation between the
Niño3.4 index and the frequency of extreme precipitation
days. These results suggest that the impact of ENSO is an
altered circulation which results in changes in the
frequency of days with extremely humid air over the
region. For the months of October–November, these
findings are consistent with a greater influx of humid
air from the Indian Ocean and tropical Africa into the
region. The study provides a further support for the
earlier findings on the relationship between ENSO and
anomalous precipitation over the western (Mariotti et al.
2002; Shaman and Tziperman 2011) and eastern (Price
et al. 1998) Mediterranean.
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