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Abstract. There is an increasing interest of scientists onby a wide range of extreme phenomena, such as extreme
climate extremes. A progressively larger number of paperdemperature and heat waves, extreme precipitation and flash
dealing with climate issues have been produced in the padtoods, droughts, storm surges, etc. (e.g. Lionello et al.,
15yr, and those dealing with extremes have increased at aB012b). To a large extent this special issue is based on
even faster pace. The number of papers on extremes in thgtudies carried out within the CIRCE FP6-EU project and
Mediterranean follows this overall trend and confirms how the MedCLIVAR network. The CIRCE project (Climate
extremes are perceived to be important by the scientific comChange and Impact Research: the Mediterranean Environ-
munity and by society. This special issue (which is mainly ment, http://www.circeproject.eli/was designed to predict
related to activities of the MedCLIVAR (Mediterranean CLI- and quantify the physical impacts of climate change in the
mate VARiability and Predictability) and CIRCE (Climate Mediterranean, including extremes. In particular its sixth
Change and Impact Research: the Mediterranean Envirorwork package (named “Extreme Events”) was devoted to
ment) projects), contains thirteen papers that are representanderstand the current space-time distribution of extreme
tive of current research on extremes in the Mediterranean reevents over the Mediterranean region and how it could
gion. Five have precipitation as its main target, four tempera-change in the 21st century. Results are included in part 1
ture (one paper addresses both variables), and two droughtsf Regional Assessment of Climate Chaimg¢he Mediter-
the remaining papers consider sea level, winds and impactsanean (Navarra and Tubiana, 2013), which deals with anal-
on society. Results are quite clear concerning climate evoyses of the physical aspects of climate change in the Mediter-
lution toward progressively hotter temperature extremes, butanean region. MedCLIVAR (Mediterranean CLImate VARI-
more controversial for precipitation, though in the published ability and Predictability) operates as a scientific network,
literature there are indications for a future increasing inten-which is endorsed by CLIVAR and has been supported by
sity of hydrological extremes (intense precipitation eventsthe European Science Foundation for the period 2006—2011.
and droughts). Scenario simulations suggest an attenuationhis network bttp://www.medclivar.epprovides opportuni-
of extreme storms, winds, waves and surges, but more resultges to discuss and disseminate scientific progress between
are requested for confirming this future change. different disciplines contributing to understanding the cli-
mate of the Mediterranean region and its evolution (Lionello
et al., 2012a). The outcomes of this network have been pub-
) lished in two books (Lionello et al., 2006a; Lionello, 2012a).
1 Introduction Extreme events are considered a very important topic within
. - . . . MedCLIVAR, and the second book devotes two chapters (Ul-
The purpose of this §peqa| ISSUe 1S tp DUb“Sh. a.CO"eCt'Onbrich et al., 2012; Xoplaki et al., 2012) specifically to them.
of new research contributions addressing description and UNthese two projects are examples suggesting that extremes are

derstanding of climate extremes in the Mediterranean "an increasingly important topic and that they are perceived to

gion and of their evolution. It is meant to provide new and particularly relevant in the Mediterranean region.
relevant information on a region that is critically affected
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» published scientific papers has increased significantly in the
CJ— last 15yr. As an example the number of published papers
20 —moxtemes and reciaton mentioning the word “climate” in the title is about 4.2 times
15 —exromes and temperatre larger in the 5yr period 2008—2012 than in 1997—2001. The
10 Tt papers mentioning the word “drought” have increased com-
Pl parably, but slightly more (4.6 times). However, those men-
TENEEREEEEEEEEEE] tioning “climate” and “extremes” have increased 7 times and

1 those mentioning extremes and Mediterranean 9 times. These
1 records are meant to show the amount of studies that specifi-

@mmediterranean/ Europe

' cally focused on extremes as they mentioned them explicitly

R — in the title. The number of studies which, to a different ex-
tent, include the extremes within their scope and address re-
= srougeciernean lated issues would be much larger and it is difficult to quan-

tify. However, on this partial basis, one can conclude that the
number of papers focused on climate issues has increased re-
markably in the last 15 yr. The fraction of papers focused on
the Mediterranean region has comparably increased, but the
word “Mediterranean”, either the words “floods” (light blue line), num_be_r of paper d_eal!ng with extremes has mc_reased faster.
“drought” (violet line), “extremes” (red line), “extremes” and .W'th'n this Speqlal issue, out of 13 papers five have pre-
“precipitation” (brown line), or “extremes” and “temperature” Cipitation as a main target, four temperature (one paper ad-
(green line). Bottom panel: ratio between number of papers pub-dresses both variables), and two droughts. The remaining pa-
lished each year in international journals whose title contains sepers consider sea level, winds and impacts on society. Conse-
lected words: “Climate” and “Mediterranean” versus “Climate” quently, also in this special issue, as in the general scientific
and “Europe” or “European” (continuous line), “extremes” ver- [iterature, extremes of the hydrological cycle are more fre-

sus “Climate” and “Mediterranean” (dotted line), “drought” versus quent than others in recent studies considering the Mediter-
“climate” and “Mediterranean” (dashed line). Source: SCOPUS, ;3nean climate and environment.

http://www.scopus.com/

Fig. 1. Top panel: number of papers published each year in
international journals whose title contains, in addition to the

2 Highlights of the special issue content

Indeed, extremes are the object of an increasingly larg
number of scientific articles in climate and meteorologi-
cal studies. Figure 1 shows (on the basis of the SCOPU
database) that the number of published articles containing irt1
their title the words “Mediterranean” and “extreme(s)” has
been, apart from obvious fluctuations, increasing and peake

®rhis section contains highlights of the various contributions

hat are published in this special issue. In the call, contribu-
ions addressing one or more of the following aspects, which
he editors considered most relevant for understanding ex-
Hemes, where solicited:

at 16 articles in 2012. Figure 1 also shows that a substantial _ ynderstanding the dynamics leading to extreme events
fraction has focused on precipitation extremes, much larger in the Mediterranean,

than on temperature extremes. The importance of the hydro-

logical cycle is further emphasized considering the number — description of structural and/or statistical properties of
of papers containing the words “drought(s)” and “flood(s)”. Mediterranean extremes,

Note that, in particular for “drought” papers, this number in-
cludes studies considering impacts of drought on other en-
vironmental and societal variables and the number of papers
containing the word “drought(s)” is even larger than those
containing the word “extreme(s)”, which in turn is compara-
ble to those with the word “flood(s)”. This clearly shows the
large perceived relevance of droughts and, to a lesser extent,
of floods in the Mediterranean environment. It is however
clear that in all these examples the number of published pa- — extremes in future climate scenarios.
pers is now substantially larger than 10-15 yr ago.

However, such an increase is not specific to the paperd© some extent all these topics have been considered, except
dealing with extremes and the Mediterranean region and Figfor reconstruction of extremes in the historical past.
1 shows also that the number of papers dealing with Mediter-
ranean climate with respect to those dealing with European
climate has no clear trend. In fact, in general the number of

— links to large-scale climate patterns and teleconnec-
tions,

present and recent (20th century) trends,

reconstruction of extremes in the historical past,

— characterization of extremes at sub-regional scale, and
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2.1 Precipitation extremes moisture for the Iberian Peninsula, for France and for cen-
tral North Africa. The Mediterranean Sea is the predominant
Studies have considered the characterization of precipitasource for eastern North Africa, the Italian and Balkan Penin-
tion extremes (Toreti et al., 2010), the atmospheric dynam-sulas, while local sources provide moisture for the eastern
ics responsible for their inter-annual variability (Gaetani et Mediterranean and western North Africa.
al., 2011), analysis of climate change at sub-regional scale Duci¢ et al. (2012) have analyzed indices of extreme
(Iberia, OrtizBevia et al., 2011), development of statistical precipitation in KrivoSije, Montenegro, and in the wettest
methods for their correct estimate (Quintana-Segui et al.Mediterranean region, from the period 1951-2007. Their re-
2011), identification of moisture sources (Drummond et al.,sults suggest that northerly, easterly and southerly circula-
2011) and analysis of present-day climate in the wettest partion types are more frequent for wet and very wet days. In
of the Mediterranean region (Ducet al., 2012). particular weather types with cyclonic condition over central
Toreti et al. (2010) have analyzed daily precipitation ex- Europe show a large proportion of wet and very wet days.
tremes for the extended winter season (October—March) athe Genoa cyclogenesis and the orographic influence over
20 Mediterranean coastal sites covering the period 1950-a small area are the main causes for the high precipitation
2006. Precipitation extremes (identified from an exceedanc@mounts recorded in the KrivoSije region.
of thresholds larger than the 90th percentile) give an im- OrtizBevia et al. (2011) have computed possible changes
portant contribution to seasonal totals (approximately 60 %in the probability of occurrence of winter (DJFM) extremes
for all series). In the 20 considered stations, 50yr returnof minimum temperature and precipitation in lberia by pro-
levels lay in the range 264 mm (Genoa) to 82 mm (Rome).jecting the changes in the probability of occurrence of the
Six series (from stations located in France, Italy, GreeceNorth Atlantic scale winter atmospheric regimes that are as-
and Cyprus) show a significant negative trend in extremesociated with them. Results are based on a set of three sim-
event occurrence. In the western and northern Mediterraneamylations performed at MeteoFrance with the Arpege model
the anomalous surface to mid-tropospheric flow during ex-(Dequé et al., 1994) and suggest a future with less precipi-
treme precipitation events is connected with enhanced moistation (and low temperature) extreme events in winter in the
ture transport from the Atlantic (Trigo et al., 2006; Pinto et westerly central part of the Iberian peninsula.
al., 2013). For the eastern Mediterranean extreme precipita- Quintana-Segui et al. (2011) compared three different sta-
tion events are associated with a mid-tropospheric throughtistical downscaling methods (the anomaly method, quantile
which extends from the north over the eastern Mediterraneamapping and a weather typing) for computing extremes of
(EM), and a low atmospheric pressure system over this parprecipitation and of river flow. Though these methods pro-
of the basin. This EM situation favors warm air advection duce qualitatively similar future scenarios of the extremes
connected with anomalous ascent motions and an increasgf river flow, there are still significant differences between
of the low- to mid-tropospheric moisture content (Eshel andthem for individual gauging stations. According to these sce-
Farrell, 2000; Ziv et al., 2010). narios, it is expected that in the middle of the 21st century
The role of jet streams is extensively discussed by Gae{2035-2064) the monthly low river flows will have dimin-
tani et al. (2011). Two jet streams in the Euro—Atlantic re- ished almost everywhere in the French Mediterranean region
gion affect the rainfall distribution in the Mediterranean re- by as much as 20 %, and high flows will have increased (the
gion during the rainy season (September—May): the Atlantic10yr return floods are expected to carry 100 % more water
jet, which reaches Europe after crossing the Atlantic oceanthan at the end of the 20th century). Itis, however, not clear to
and the North African jet, which flows above the coast of which extend this study can account for the increase moisture
North Africa. The rainfall distribution downstream to these content of the Mediterranean atmosphere in a future warmer
jets is strongly influenced by their relative positions. Specif- climate and its effect on the intensity of precipitation.
ically, in fall, rainfall is abundant in the western Mediter-
ranean basin (WM), when the Atlantic jet is relatively strong 2.2 Temperature extremes
and its direction has a small northward tilt, and the African jet
is in its easternmost position. In winter, rainfall is abundant The studies in this issue reinforces the picture of a future pro-
in the eastern Mediterranean basin (EM) when the Atlanticgressively warmer Mediterranean with extremes consistently
jet reaches the Scandinavian Peninsula and the African jetvarmer than presently.
is in its westernmost position. In spring, when the two jets Efthymiadis et al. (2011) have analyzed temperature ex-
weaken, rainfall is abundant in the Alpine region and in thetremes in two recently available daily gridded data sets
Balkans if the Atlantic jet retreats over the ocean while the (ERA-40, Uppala et al., 2005; EOBS, Haylock et al., 2008)
African jet stays in its winter position. and show a strong west—east contrast, with the rate of in-
Drummond et al. (2011) have investigated variation of crease in the west in line with global trends, while in
moisture sources related to drier and wetter conditions in thehe east a cooling is observed in winter, with reversal in
different areas that surround the Mediterranean Basin. Authe last two decades. The intensification of the increasing
thors have found that the North Atlantic is a main source oftrend in warm/hot extremes (daily maximum and minimum
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temperatureTmax and Tmin, respectively) is evident over the this problem, Nissen et al. (2010) have developed an impact-
last 15-20yr over the whole region. This study has con-based approach that combines a cyclone detection technique
firmed a number of the relationships between Mediterraneamvith a wind track detection algorithm and have thus pro-
temperature extremes and large-scale circulation previouslguced a climatology of cyclones with a focus on their rela-
identified or proposed (e.g. Ulbrich et al., 2012). It has fur- tion to wind storm tracks in the Mediterranean region. Ar-
ther shown the complexity of these relationships and that iteas with high wind activity are typically located south of
is unlikely that atmospheric circulation variability alone can the Golf of Genoa, south of Cyprus, south-east of Sicily
explain the observed trends in hot temperature extremes anahd west of the Iberian Peninsula. About 42 % of the wind-
their amplification in the last decade. The influence of otherstorms are caused by cyclones originating inside the Mediter-
factors such as warming sea surface and soil moisture feedanean region (19 % from the eastern and 23 % for the west-
back are likely important. ern Mediterranean region), while the remaining 58 % origi-

Hertig et al. (2010) have analyzed ongoing trends (1961-nate further away, mostly over the Atlantic. Moreover, 31 %
1990) and future (end of 21st century) of extreme tempera-of the cyclones causing windstorms in the Mediterranean
tures. The west—east contrast is confirmed. Increases (momever cross the region, but pass along more northerly tracks.
than 2°C at some station fofi,ax 95th percentile) can be The strongest connection with storm tracks exists for the
identified in the western Mediterranean area but not in theNAO (North Atlantic Oscillation) and the EAWR (eastern
eastern Mediterranean. During the 21st century, statisticahAtlantic—western Russia) patterns, which are both associated
downscaling techniques show mainly positive trends of bothwith an increase in the number of strong wind events in the
extreme indices Tnax 95th percentile andimin 5th per- eastern Mediterranean region during their positive phase. On
centile), but considerable uncertainties are associated witthe other hand, the storm number decreases over the west-
the choice of different predictors or predictor combinations, ern and central Mediterranean region for the positive phase
as the downscaling results are hampered by widespread nowf the NAO and of the EAWR pattern, respectively. The pos-
stationarities in the predictor—extreme-temperature relationitive phase of the Scandinavian pattern is associated with a
ships. In general, increases for extreme minimum temperaeecrease in the number of winter windstorms over most of
tures in winter show more consistency than the signal forthe Mediterranean region. In line with the results of other
maximum temperatures in summer. This study indicates thatuthors (e.g. Trigo et al., 2008; Trigo, 2005; Maheras et al.,
the intra-annual extreme temperature range will decrease i2001), this study finds a significant decrease of the number
large parts of the Mediterranean area, in agreement with thef cyclones during the second half of the 20th century over
overall global tendency, but in contrast to the opposite in-the western Mediterranean basin and over the Black Sea.
creasing trend previously found (Tebaldi et al., 2006). Fur- Tsimplis and Shaw (2010) have explored the spatial and
thermore, the results give strong indications that changes itemporal variability of sea level extremes in the Mediter-
temperature extremes do not follow a simple shift of theranean Sea and the Atlantic coasts of the Iberian Peninsula
whole temperature distribution to higher values. on seasonal timescales. The Atlantic stations show larger

At smaller, sub-regional scale El Kenawi et al. (2011) haveextreme values than the Mediterranean Sea primarily due
investigated the spatial and temporal characteristics of exto the tidal signal. In the western Mediterranean the ob-
treme temperature events in north-eastern Spain for the peserved extreme values are less than 50 cm, except near the
riod 1960—2006. The observed changes are more prevalet8trait of Gibraltar and in the northern Adriatic Sea. Direct
in hot extremes than in cold extremes and they can largely b@tmospheric forcing contributes significantly to sea level ex-
linked to the increase found in the mean maximum temperiremes. Maximum sea level values due to atmospheric forc-
ature during the last few decades. A significant increase iring reach in some stations 45 cm during the winter, and are
warm nights, warm days, tropical nights and the anfiyak between 10 and 20cm in the summer. Past changes in ex-
was detected in the 47 yr period. tremes have been dominated by changes in the mean sea

Considering future minimum temperature for the A1B sce-level. Though trends in the 99.9 % percentiles and correla-
nario and greenhouse gases concentration at the 2100 levelipn with NAO are present in several areas, most of them are
OrtizBevia et al. (2011) have computed possible changes imemoved when the 50 % percentile is subtracted indicating
the probability of occurrence of winter (DJFM) extremes and that changes in the extremes are in line with mean sea level
have shown milder minimum temperature extreme events irchange.
the westerly central part of the Iberian Peninsula.

2.4 Droughts and their socio-economic impact
2.3 Winds and sea level
Sousal et al. (2011) have analyzed the spatial and tempo-

In general, the systematic detection of hazardous systemsal evolution of drought conditions in the Mediterranean
based on cyclone characteristics, is complicated because rmegion during the 20th century using the self-calibrated
linear relationship exists between the intensity of cyclonesPalmer Drought Severity Index (scPDSI) and found a clear
and their impacts (e.g. Lionello et al., 2006b). To overcometrend towards drier conditions in most western and central
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expected future changes. It is a simplified illustration that
does not aim at summarizing the complexity of local situ-
ations and at containing all relevant hazards.

Extreme precipitation in the Mediterranean region is ex-
tensively investigated in the scientific literature (Ulbrich et
al., 2012). Stations show very large daily precipitation along
the north-west Mediterranean coast (Toreti et al., 2010; Reale
and Lionello, 2013). It is difficult to identify a homoge-
neous tendency of extreme precipitation events in the past
% five or six decades across the various studies, though there

Hot temperatures
and heat waves

droughts

e
1\

Extreme
/ precipitation are some indications (confirmed by this special issue) that
extreme precipitations are becoming more intense (see Ul-
Fig. 2. Simplified illustration showing areas where critical issues Prich et al. 2012 for a review) and this tendency would con-
have been specifically documented, because of intensity of hazardéinue for the next decades (Planton et al., 2012; Gualdi et al.,
of observed past trends or expected future changes. 2013), in spite of a progressively drier Mediterranean envi-
ronment in the future. In order to increase the robustness of
conclusions in terms of the trends of extremes, the number,

Mediterranean regions, with the exceptions of north-westerrdength and quality of time series available for analysis must
Iberia and most of Turkey, which instead reveal an increaséde increased. An initiative leading to a public archive of in
of moisture availability. A significant decline of absolute Situ daily precipitation time series would be very important
(positive and negative) extreme values of scPDSI in centrafor future research on this issue. Considering future evolution
areas (ltaly and Balkans) has been found. The main driveef precipitation extremes, climate models are improving, es-
of scPDSI in western and central Mediterranean areas is thpecially in terms of the required higher spatial resolution and
winter NAO pattern, which is relevant also during the fol- of the intensity of the events. Studies analyzing large-scale
lowing spring and summer seasons. The second most impoRrocesses and atmospheric circulation features leading to ex-
tant mode corresponds to the Scandinavian pattern which ireme precipitation, such as OrtizBevia et al. (2011) and Gae-
significantly associated with the scPDSI between winter andani et al. (2012) in this special issue, are very important to
summer over central Mediterranean. The study confirms th&omplement and interpret model results (see Xoplaki et al.,
trend towards drier conditions over a large fraction of the 2012, for a review).
western and central Mediterranean region (e.g. Trigo et al., Droughts, which are in general associated with absence of
2006). precipitation, are the opposite environmental condition and a
Quiroga et al. (2011) have analyzed the economic valugnajor hazard as well. Conditions leading to drought are ex-
of information on drought events management taking intotensively discussed in Xoplaki et al. (2012). The paper by
account the risk aversion of water managers (the more riskSousa et al. (2011) provides clear evidence that large ar-
aversion, the less the value of the climate information). Con-eas of the Mediterranean region have become increasingly
sidering the rice production in the Ebro River basin, the twodry during the 20th century. Increasingly warm conditions
explored alternatives are (a) to reduce water allocation for ir-and decrease of mean precipitation are expected to continue
rigation in order to eliminate the risk of water scarcity, and this trend during the 21st century. However, a precise evalua-
(b) to maintain water allocation and accept a reduction oftion of the future evolution is not available at Mediterranean
water supply reliability, leaving farmers exposed to droughtscale, and though the Mediterranean is among the regions
events. These two alternatives offer different risk levels forwhere a climate change signal is most evident, there are prob-
crop production and farmers’ incomes. The value of provid-lems with a robust assessment of future trends (Orlowsky and
ing improved information and projections of climate change Seneviratne, 2013), which need to be overcome.
and extreme events to help managers to choose between theseResults are much more certain on extreme temperatures in
two alternatives is demonstrated. term of association with large-scale patterns, past and future
evolution. An example is the role of NAO on extreme hot
temperatures in the present climate: extreéipgy are associ-
3 Discussion ated with negative phase of NAO over most of the Mediter-
ranean region, but in the north-western corner and the Middle
This special issue has collected contributions on extreme preEast where they are associated with positive NAO (Yiou and
cipitation, droughts, hot temperatures, and storms. It proNogaj, 2004). A general warming, affecting both tempera-
vides a representative sampling of the main hazards affectinture minima and maxima, is a well-recognized feature of the
the Mediterranean region. Figure 2 is meant to show some arevolution of climate in the Mediterranean region both in the
eas where critical issues have been specifically documentedecent past (see Efthymiadis et al., 2011; Ulbrich et al., 2012,
because of intensity of hazards, of observed past trends dor a review) and in the 21st century (Planton et al., 2012, for
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