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1 Introduction processes in generating damaging floods and landslides; and
(v) socioeconomic implications of hazardous storms, risk

The EGU Plinius Conference on Mediterranean Storms wadhitigation and resilience in the framework of sustainable de-
established in 1999 within the framework of the Interdisci- Velopment. Consequently, the conference included 12 topics
plinary Working Group on Natural Hazards (IWG-NH) of the _that will be introduced along with this preface to the special
former European Geophysical Society (EGS) — since 2002!SSU€. _ _ _
European Geosciences Union (EGU). Since its advent, the This conference also provided a meeting venue for various
Plinius Conference series has provided a crucial interdisci®"g0ing international initiatives and projects that seek bet-
plinary forum for improving our understanding of hazardous ter Ways to investigate or cope with Mediterranean storms:
storms over the Mediterranean basin that are capable of prd® open session of the European FLASH project (Ob-
ducing strong winds, heavy rains, explosive landslides, devServations, Analysis and Modeling of Lightning Activity
astating flash floods and other related extremes. Given th# Thunderstorms, for use in Short Term Forecasting of
progress both in the understanding of many of the basic sciFlash Floods); the joint MedCLIVAR (Mediterranean CLI-
entific aspects of the triggering, growth, maintenance, andnate VARiability and Predictability), HyMeX (HYdrologi-
physical impacts of Mediterranean storms, as well as in thec@l cycle in Mediterranean EXperiment) and MEDFRIEND
model prediction concerning storm life cycles and their haz-(Mediterranean Flow Regimes from International Experi-
ardous impacts, the 11th Plinius Conference encouraged amental and Network Data) meeting concerning collection
even greater interdisciplinary participation than in previous©f Precipitation data associated with Mediterranean storms;
editions. This was achieved by continuing to reach out to sci-2nd the annual meeting of the MEDEX Project (MEDiter-
entific experts in the fields of meteorology, climatology, hy- faneéan EXperiment) of the World Meteorological Organiza-
drology, and geomorphology, as well as extending the reacion (WMO).

into the disciplines of oceanography, sociology, economics, 1he conference was closed with a round table that was at-

In total 211 contributions were submitted, and more thanSions and recommendations with special emphasis on the po-
150 scientists attended the conference. Scientific topics erféntial synergies among the different disciplines. These con-
compassed a wide range and included the following: (i) theclusions are summarized within the various sections of this
nature and physical processes of extreme events; (ii) possibl@troductory paper, which contains a synthesis of the 38 pa-
changes in storm behavior resulting from anticipated changeB€rs included in this NHESS special issue, as well as of some
in climate; (iii) advanced technigues to observe, monitor andP@pers published in the joint special issue of "Advances in
forecast hazardous storms; (iv) relationships between atmg@eosciences” (ADGEO) relative to this conference (Llasat
spheric and surface processes for both land and sea sit§! al., 2010a).
ations, with particular emphasis on the effects of coupled
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2 Societal impacts, risk management, responses, questions, which have become particularly remarkable and

and education urgent after the L'Aquila (Italy) earthquake in 2009 and the

flash floods in Genoa (Italy) in November 2011, when some
Three main focal points were identified in this session: (1) toscientists and civil protection members were charged and
increase public awareness to understand risk, vulnerabilitfound guilty. Specifically, both papers analyze the Civil Pro-
and disaster reduction globally; (2) to stimulate the interdis-tection decisions resulting from short-term forecasts of haz-
ciplinary and inter-sectorial partnerships, including the ex-ardous events, taking into account both the improvement of
pansion of risk reduction networks; and (3) to improve scien-numerical weather prediction (NWP) models and the asso-
tific knowledge about disaster reduction. Noteworthy is thatciated uncertainty. In particular, the paper of Altamura et
while point 3 was treated by Pelosini et al. (2011), the pa-al. (2011), which also considers the trial following the vio-
per of Lara et al. (2010) mainly deals with the first point. In lent meteorological event of Vibo Valentia (Italy) in 2006,
summary, after analyzing three case studies in Costa Braveaintains that the process of “overcriminalization” of Civil
region (Spain), the latter paper concludes that flood awareProtection is currently increasing the number of false alerts
ness and preparedness are mainly related to the degree of swith the consequent effect of weakening alert perception and
cial involvement with the activities of the local community. response by the citizenship.
By the same token, modification of human activities should Meteorological services play a key role in disaster miti-
be considered as an important task for the improvement ofjation by first generating weather forecasting and warnings,
flood management. Focusing on another Spanish region (iand then monitoring alert situations. In addition, they play an
this case, the coast of Alicante), Olcina Cantos et al. (2010jmportant role in the recovery tasks by providing information
analyze the increased exposure and vulnerability to floods at citizens and insurance companies. In this regard, Amaro et
a result of a major urban occupation of areas that are subjecl. (2010) present an innovative approach to evaluate the so-
to this hazard, in spite of the existence of flood risk preven-cietal impact of high-impact weather events. Specifically, the
tion plans. Survey-based research in the areas affected by thgaper shows the results from a pilot study, carried out in ac-
most recent episodes reveals a lack of awareness for a largmrdance with the guidelines proposed by the Social Impact
portion of the population, which is particularly evident for Research Group of MEDEX, which analyzes the requests re-
the seasonal inhabitants or residents who have not lived in theeived by the Meteorological Services of the Balearic Islands
area for very long. This factor, which affects the major part and Catalonia (Spain) in relation to the damages caused by
of the Spanish Mediterranean coast, is important given thaveather events. As a result, the authors suggest some gen-
notable increase in the coastal towns’ population of retirederal and suitable criteria about how to analyze this kind of
residents from western and northern Europe. Remarkablytequests, and how to use them to evaluate the impact of haz-
the paper by Llasat et al. (2010b), who perform a detailedardous events on society. In particular, they propose a new
analysis of the evolution of flash floods in Catalonia (NE of index to evaluate the social impact, which involves the max-
Spain) for the period 1982—-2007, corroborates these resultsnum precipitation and the percentage of population within
by showing the major role played by temporal changes anda region with more than 60 mm recorded. While this new in-
evolution in exposition and vulnerability factors. In particu- dex provides a good approach, other factors like length of the
lar, these authors find a flash-flood impact increase in sumevent, vulnerability, intensity and synergy with other simul-
mer and early autumn, which is mainly due to inter-annualtaneous hazards should be also considered in future research.
and intra-annual changes in population density on the Cata-
lan coast.
The conference also emphasized some important quess Climate change impacts on Mediterranean storms

tions for the future that can still be considered as major
challenges. Among them, the following ones are most re-In the recent years it has become more and more important
markable: how should uncertainty be communicated to cit-to study and evaluate the impact of climate change on haz-
izens and policymakers? Is it the responsibility of scientistsardous events and their potential risks. These analyses, how-
to communicate risk, or should policymakers be able to un-ever, constitute a major challenge due to the great amount
derstand the scientific implications? What are the legal re-of factors that are implied. For instance, factors like changes
sponsibilities of scientists in terms of natural hazards? Whain vulnerability and mitigation measures, which have been
is the chain of responsibilities? A stronger collaboration be-already introduced in the previous section, should be taken
tween experts and administration is needed, but how? A cominto account when the evolution of natural risks is consid-
mon language is needed, but is it possible? How could publieered. As a result, these assessment studies may be highly
awareness be increased? And are citizens really interestedependent on the methodologies and data that are used to
in this? The paper by Altamura et al. (2011), together withanalyze trends and anomalies, while analyses for different
a related paper (Llasat and Siccardi, 2010) presented in #ime periods may give different results and lead to ambigu-
previous Plinius Conference (see Mugnai et al., 2010), of-ous conclusions. This is the case for the papers by Neppel et
fers an innovative interdisciplinary approach to address thesal. (2011), which deals with a multivariate regional test for
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the detection of trends in extreme rainfall, and by Ortego etthe port efficiency, and the commercial, transport, and leisure
al. (2010), which focuses on the application of the Bayesianactivities.
analysis to detect potential trends in daily rainfall series. Rasilla Alvarez and Garcia Codron (2011) study the evo-
Quite analogously, the results of synoptic climatology lution of storminess along the northern coast of the Iberian
studies should be carefully verified as similar results mayPeninsula through the calculation of an index, the Total Water
be found by other studies for completely different situations,Level, based on tide gauge and buoy data, as well as on hind-
thus leading to uncertain conclusions. Furthermore, climatocast data (the so-called SIMAR 44 database) for the period
logical studies should be based on a large number of station$958—2001. As it is the same period analyzed by the previ-
with reliable time series, while the spatial dependence amon@us paper, it is possible to perform a comparison between the
them should be taken into account. The paper by Caloiero e¢ffects on the northeastern (Mediterranean Sea) and northern
al. (2011) is a good example of rainfall trend analysis us-(Atlantic Ocean) coasts. In the latter case, the authors find
ing a large number of stations (70 rain gauges covering fivehat while local atmospheric conditions seem to be evolving
regions in southern Italy) and a homogeneous series over towards less storminess (i.e., a reduction of the number and
long period (1916-2003). The results show significant neg-strength of the Atlantic storms), the exposure of the northern
ative trends for annual and winter aggregations in most partoast to the increasing frequency and strength of distant dis-
of the series, as well as a strong correlation between preturbances crossing the North Atlantic has compensated this
cipitation and teleconnection pattern indexes — mainly, thedecrease, so that no global trend is found.
North Atlantic Oscillation (NAO) and Mediterranean Circu-  The paper of Casas-Prat and Serra (2010) is also a good ex-
lation indexes — for this region, especially in winter and on ample of other important challenges associated with climate
the Tyrrhenian side of the Campania region. change scenarios, which have become major conclusions of
In addition, other factors like changes in perception andthis session: the uncertainty and the reliability. Specifically,
observation can make it difficult to perform the assessmentthe choice of a temporal model for the extrapolation of future
This is the case for the paper by Gaya et al. (2011) for whichprojections produces a certain inherent uncertainty in the re-
a climatology of tornadoes and waterspouts in Catalonia forsults, which is very difficult to evaluate. In addition, in order
the period 1950-2009 was developed after a rigorous validato build more robust future predictions, the reliability of the
tion process, identifying 97 tornadoes and 62 waterspoutssimulated climate forcing should be verified beyond the ob-
The authors show the highest concentration of these pheserved mean climatology. For example, a comparison with
nomena from August to October and the highest density inan observational data set should also focus on the statistical
the heavily populated coastal areas, like for the flash-floodfeatures of alternating extreme value periods.
case presented by Llasat et al. (2010b). Although the tem- De Lima et al. (2010) present a comprehensive and in-
poral evolution shows a growing positive trend, this is likely depth discussion of the long-term behavior of annual and
more closely linked to an increase in exposure, observatiomonthly precipitation over the Portuguese territory, based
and perception rather than a real climatic trend. on 14 precipitation data sets from mainland Portugal and
Two papers (Casas-Prat and Sierra, 2010 and Rasilla Althe Portuguese North Atlantic archipelagos of Madeira and
varez and Garcia Codron, 2011), which are also discussefizores that span periods ranging between 88 and 145yr.
in Sect. 12, deal with changes in sea wave storminess alon§pecifically, the study focuses on the presence of linear
the coasts of Spain. Casas-Prat and Sierra (2010) present amonotonic trends in the temporal structure of precipitation
analysis of the trend of wave storminess for the Cataloniaover the record period and over sub-periods (i.e., partial
region, which offers the advantage of being focused on therends). While no clear trend is found for the annual precip-
hazard aspects, avoiding the difficulty of dealing with mixed itation over the full record period, the analyses of the 50 yr
societal and natural risks. Specifically, long-term alterationsmoving averages of annual precipitation reveal an increase
in the wave storminess pattern of the Catalan coast are arsver time, in the recent past, for many of the series. In addi-
alyzed in terms of wave energy content and wave directiontion, the partial trends in the time series show a sequence of
on the basis of wave hindcast data for the period 1958-2001alternating periods of decreasing and increasing annual and
Although no significant temporal trends are found for annualmonthly precipitation — which demonstrates that the analy-
mean and maximum storm energy, a remarkable increase iges of short precipitation records consisting of only a few
the storm energy of events from the south is found, whichdecades should be considered cautiously for they can be bi-
is partly due to a rise in the annual percentage and magniased by the period studied.
tude of such storms. This result highlights the importance of Two final conclusions of this session were that our studies
analyzing changes in wave direction in the study of poten-on future climate, which mainly deal with the temperature
tial impacts of climate change. These changes can affect thand precipitation regimes as well as their extreme values by
sea agitation inside ports (the paper analyzes the case of tithe end of the century, should (a) take into account new pa-
Port of Tarragona, one of the most important in the west-rameters (such as soil moisture, vegetation dynamics, etc.),
ern Mediterranean) as well as the dynamic of some beachesnd (b) examine in detail the transitional seasons, spring and
and, consequently, the moored vessels and port operations,
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summer, in addition to winter and summer, which usually at-observations from space. Thus, the L-PET technique may
tract the interest of researchers. be useful not only for real-time monitoring but also for the
nowcasting of convective cloud systems. Finally, the authors
present a successful preliminary assessment of their tech-
nigue for two convective storms that occurred over the island
of Sicily, in southern Italy, and over central Europe.

. : The main conclusion of this session was that a variety
This session addressed the use of proxy data to enlarge th . . .
) .o - of technology sources and associated retrieval techniques
record period of extreme events by means of a multidisci-

. ) are presently used, and several more are under develop-
plinary approach that takes into account several types of datg . .
. .ment and/or planned for the near future, to monitor precip-
(documentary sources, natural proxies, and so on). The main_. s . o . X
. ) e ; . . Itation within the Mediterranean basin in consideration of

research objectives identified in this session, which are still_~". . . . . . .
. . societal impacts vis-a-vis rainfall location, duration, inten-
important challenges, were the following: (a) to perform de- ", . ; o
. . ; sity, and propagation. These sources include the following:
tailed analyses of old extreme events; (b) to improve the un-

. . : 1) stand-alone radars and radar networks operating at differ-
certainty analyses concerning natural hazards by using addi* . ) :
: e o ent wavelengths (i.e., C-, X-, Ku- and Ka-bands); (2) multi-
tional paleo- and historical information; and (c) to analyze

the variability of extreme events amongst large periods Charfrequency microwave and infrared radiometers (such as SS-

. . oo o MIS, AMSU/MHS, or SEVIRI) on board operational and re-
acterized by different climatic conditions. o .
. search low-Earth orbiting and geosynchronous satellites, as
The paper presented by Balasch et al. (2010) is an example . ; .
ell as the radar — microwave radiometer payload suites of

of objective (a). The paper focuses on the Santg Tgcla flas e NASA-JAXA space observatories dedicated to precipita-
flood event that occurred in Catalonia (NE Spain) in 1874. . o . : ; .
tion observation (i.e., the Tropical Rainfall Measuring Mis-

Thanks to flood marks and written accounts and by iteratively

using hydraulic and hydrological modeling, the authors areSion (TRMM), which has been operating since 1997, and
g ny y 9 9. the Core Satellite of the international Global Precipitation

able to reconstruct the flood in some affected basins and t o : : X
) . ; Sg\easurement (GPM) mission, which will be launched in

estimate the magnitude range of the rainstorm that cause ) ; . : .
the flash flood. Noteworthy is that this kind of research is 014); (3) ground-based Ilghtnmg. dlscharge'detectlon net-
crucial to improve the flood probability analysis, especially works (such as .ZEL.JS and LINET); and (4) microwave cell-
in ungauged basins or referring to long return periods phone commumcgﬂon netwqus. At the same time, it was

’ stressed that the different retrieval uncertainties related to the

various measurement technologies and associated retrieval
5 Remote sensing of storms techniques should be carefully assessed for they affect both
the meteorological and the hydrological applications.
Ten oral presentations (four of which are solicited) and Evidently, the development of an integrated observation
eleven poster presentations were given at the conferencgystem would represent the optimal approach for making
within this topic. Although only one paper (Dietrich et al., use of these technologies for monitoring heavy storms and
2011) was thereafter published in the Plinius-11 NHESS spethus for mitigating societal impacts within the Mediterranean
cial issue, while none was submitted to the ADGEO specialbasin, recognizing that there are different capabilities and
issue, we can say that this session was quite successful @ata access policies across and within the national bound-
it was characterized by a variety of high-quality presenta-aries. Nevertheless, a question arises that needs to be care-
tions that covered several different aspects of remote sendully examined and answered in this context: given the het-
ing of precipitating storms — from the description of already erogeneity of the precipitation monitoring capabilities within
operational or proposed ground-based and space-borne nellve Mediterranean basin, what is the most cost-effective
technological systems, to the discussion of advanced retrievahethod of combining the existing capabilities into an effec-
methods and finally to the presentation of multi-sensor obsertive system for protecting society from the hazards of precip-
vations and analyses of heavy storms. itating storms?
In particular, Dietrich et al. (2011) describe a new multi-

sensor morphing technique — which they call lightning-based
precipitation evolving technique (L-PET) — for continuously & Storm processes
monitoring convective rain cells by combining lightning
measurements from ground-based networks (such as ZEU
or LINET) and multi-frequency brightness temperature mea-

4 Paleofloods and historical information concerning
damaging Mediterranean storms

his session focused on the dynamics and scale interac-
ion processes, thermodynamics, microphysics, electrifica-

surements taken by the AMSU/MHS microwave radiome- tion and.boundary Iaygr processes d.r|V|r)g storm systems in
the Mediterranean region. The contributions included theo-

ter suites on board NOAA/EUMETSAT low Earth orbiting . ) : .
. . o retical, observational and numerical studies of the processes
(LEO) operational satellites. Specifically, the proposed tech- : S .
: . ; . — ..~ involved in the genesis, intensification, track and decay of
nique exploits the lightning data to propagate forward in time
S . : . these storms.
the rain fields estimated from the last available microwave
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The presentations given in this session have made it possthe first mode links above-normal wind gusts and the Scandi-
ble to draw the some conclusions. (1) The association of cyhavian pattern, while the second mode correlates maximum
clonic storms formed over the Mediterranean region, includ-wind speeds with the NAO pattern.
ing the so-called “medicanes”, with upper level PV (potential  During the discussions following the presentations, a spe-
vorticity) anomalies and thermal and humidity structures, iscific issue to be considered by future research on the subject
ubiquitous. This suggests an important role of baroclinic pro-has emerged: it is still poorly understood how Mediterranean
cesses in the dynamical construction of these storms, whicleyclones, including medicanes, with their specific dynamical
is not typical of purely tropical storms and perhaps moreand thermodynamical construction and genesis processes, fit
consistent with sub-tropical storms or polar lows. (2) Theinto the continuum of synoptic and mesoscale cyclones rang-
HRH (High-Resolution Hurricane) Test, completed in the ing from mid-latitude baroclinic cyclones to tropical warm-
USA, helps resolve issues regarding the limits of model pre-core cyclones.
dictability as resolution is increased. Results suggest that
probabilistic forecasting involving ensembles is needed for
subsynoptic-scale weather governed by flow features havy Mesoscale modeling and data assimilation
ing lifetimes and space scales not resolved by the observa-
tion network or lifetime scales less than the forecast periodThe performance of mesoscale models can be strongly af-
(3) Basic research, which is presently carried out, is leadingected by the parameterization schemes that are adopted.
to a better understanding of the relationships between atmoSome parameterizations can perform better than others de-
spheric structure and structure, intensity and positioning ofpending on geographic and topographic conditions, model
convective—orographic rain. grid resolution, synoptic conditions and storm types. This

The papers included in this special issue concernsession was devoted to presentations dealing, within this
some of the topics covered in the session. Duffourg andramework, with the meteorological modeling of mesoscale
Ducrocq (2011) investigate the origin of the moisture feed-phenomena that affect the Mediterranean area and are asso-
ing the heavy precipitation events (HPEs) over southeasteiated with severe weather and storms. Thus, contributions
ern France. The study is of general importance since HPEsanged from sensitivity and verification studies of mesoscale
are the main cause of flood-related damages and casumodels and parameterization schemes in reproducing wind
alties throughout the Mediterranean. By combining high-and rainfall conditions in extreme Mediterranean storms, to
resolution and large-scale meteorological simulations, theéhe assessment of climate change impacts.
authors identify the feeding mechanism of HPEs and the Koletsis et al. (2010) evaluate the performance of the non-
sources where the feeding (moisture) comes from. ResultBydrostatic MM5 model with 1 km horizontal resolution in
show that HPEs are fed by a south-southwesterly to easterlyeproducing strong northerly wind gusts in a narrow gap lo-
low-level moist flow. The low-level feeding flow is provided cated between two high mountains (Lefka Ori and Idi) on the
in the short term by evaporation from the Mediterranean Seasland of Crete. Their conclusions support the potential of
and, in the longer period, by transport from remote sourcesnesoscale models to simulate realistically strong wind fields
in the lower half of the troposphere. The paper provides an elevated gaps with complex topography.
first estimation of the quantitative relations between the two Mazarakis et al. (2011) analyze the sensitivity of quan-
contributions of moisture, which are inferred from the water titative precipitation forecast to various modifications of
vapor mixing ratio evolution along some air parcel trajecto- the Kain—Fritsch (KF) convective parameterization scheme.
ries. Usually, the Mediterranean Sea results in being the mos$pecifically, these authors apply the MM5 model, with
important moisture source. five different modifications of the KF scheme, to 20 se-

The paper by Miller and Kaspar (2011) concerns a topiclected cases in Greece characterized by different precipita-
similar to the previous one, focusing on intense precipitationtion types, and evaluate the corresponding skills against rain-
events in the southeastern Alps. Specifically, the authors findjauge measurements.
that the climatology of extreme runoff events in some moun- Another study on the sensitivity of a mesoscale model (the
tain river basins (Mura, Drava and Sava) in the southeasteriRegional Atmospheric Modeling System, RAMS) to differ-
Alps is strongly correlated to the climatology of intense at- ent convective parameterization schemes was presented by
mospheric moisture fluxes. Gobmez et al. (2011), who compare the performances of the

The third paper included in this special issue (Martin etKF and Kuo schemes for the Iberian Peninsula. On the basis
al., 2011) focuses on extreme wind gusts. By using singu-of several tests conducted using different grids and evaluated
lar value decomposition analysis, the authors investigate thevith different performance metrics, these authors conclude
springtime relationships between wind gusts that occur ovethat the Kuo convective scheme generally performs better
the Iberian Peninsula and the monthly averaged sea-levahan the KF one.
pressure field over the North Atlantic. They find two main  Katsafados et al. (2011) test the sensitivity of a limited
co-variability modes that are associated with large-scale feaarea model to different sea surface temperature (SST) prod-
tures of the atmospheric circulation over the North Atlantic: ucts (i.e., climatological, gridded analyses, satellite-derived
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and high-resolution re-analysis SSTs) in reproducing a deep Turning to the statistically based approaches, Sirangelo
storm that occurred on 21-22 January 2004 along the coadt al. (2011) present a stochastic model based on a non-
of the northern Aegean Sea (eastern Mediterranean). Theljomogeneous Poisson process able to reproduce the seasonal
conclude that the system was mainly controlled by the uppewariability of daily rainfall occurrences. The model is then
air atmospheric conditions and that the different SST prod-applied to a set of rain gauges in southern Italy. The re-
ucts have a limited impact on the intensity and location of sults support the conclusion that the frequency of occurrence,
the modeled storm. needed to characterize the Poisson process, can be satisfac-
Finally, Groppelli et al. (2011) focus on the coupling of torily modeled by 2-harmonic Fourier series.
a hydrological model with selected global climate models Terranova and laguinta (2011) present a new criterion for
(PCM, CCSM3, HadCM3), based on precipitation and tem-the classification of standardized rainfall profiles (SRPs) and
perature downscaling tools, to investigate the future hydro-est their approach on more than 45000 rainfall events col-
logical cycle (2045—-2054) of the snow-fed Oglio Alpine wa- lected by 155 rain gauges in Calabria (southern Italy) with
tershed in northern Italy under different climate change sces min resolution. The authors show how their criterion can
narios. improve Huff's approach in discriminating erosive rainfall
events.
lacobellis et al. (2011) present a regional probabilistic
model (two-component IF model, TCIF) for the estimation
of flood quantiles, which accounts for two different thresh-
old mechanisms associated with ordinary and extraordinary

8 Hydrological processes and modeling

The development of any hydrological model requires con-

tinuous testing and verification of its dynamics and param- : :
o o . flood events. By using yearly maximum flood records from
eterizations. In predicting the impact of severe storms, th

. 3 gauges in southern ltaly, the authors investigate possible
hydrological component has a fundamental role and must bé | ~. : . )

) . . ! .~ felationships between model parameters and river basin de-
correctly interfaced with the meteorological or climatologi-

cal forcing. In addition, there is a need to identify properly scriptors (e.g., related to climate geomorphology, vegetation

the different sources of uncertainty and errors in order to jm-CoVerage, soll type and permeability, etc.) with the aim to

prove the accuracy of the overall process. On the other hancgrOVIde an operative tool for flood estimation in ungauged

statistically based approaches are used to assess flood quanqsms'

tiles in ungauged catchments to design civil protection works Within the same line of research, Portoghese et al. (2011)

correctly. Within this framework, the session focused on re-fa.Ce the problem Of. c_ouplmg hydrological models \.N'th
o . climate models predictions for the assessment of climate
search, application advances, and future needs in the under; . : -
. . change impacts on hydrological processes. Specifically, they
standing and modeling of surface and near-surface hydrolog- : S ; .
; . . : o present a stochastic scheme for precipitation bias correction
ical processes, with special emphasis on the capability of de* . : ;
o ) . at the regional climate model cell scale, which produces a
scribing extreme events. Presentations also dealt with uncer-

S . ) . realistic representation of the daily rainfall intermittency and
tainty in hydrological modeling, hydrological ensemble sys- recipitation depths
tems, and prediction of extreme floods in poorly monitored PSP | deptns. -
; oo : Finally, Rianna et al. (2011) present a statistical analy-
basins. Some contributions presented results from physmallgi

; . s of daily flows, focusing on river basins with intermit-
based hydrological models, while others were based on sta- ; . i
L ent runoff. Their study comprises two components: (a) a
tistical approaches.

Roux et al. (2011) present a spatially distributed and phys statistical framework, based on a stochastic index approach,

ically based hydrological model (MARINE), which is partic- for constructing flow-duration curves in the presence of zero

. . . oo flows; and (b) a regionalization approach, involving the in-
ularly parsimonious and requires only the calibration of four L . . .
... vestigation of possible correlations between hydrological and
parameters. The authors also show the results of a sensitiv-

ity analysis based on Monte Carlo simulations and analyze(;]eomOrphOIOglcal variables, accompanied by a cluster anal-

a model application to the Gardon d’Anduze catchment inySiS for identifying homogenous regions. The methodology
southern Erance is then tested in a number of hydrometric stations in central

. Italy.
Mascaro et al. (2010) analyze the impact of several phys- In summary the session offered a very stimulating forum to

ical features on the accuracy of ensemble streamflow fore-,. o )
. . : . discuss process conceptualization and modeling approaches
casts (ESFs). The simulation setting uses rainfall data esti- "~ . . . )
. at different spatial and temporal scales, including model pa-
mated by the Next-Generation Radar (NEXRAD) network, . e L o
. . rameter identification and calibration, as well as sensitivity
the Space-Time RAINfall (STRAIN) multifractal downscal- .
. . . analyses to parameterization and scales of process represen-
ing model, and the TIN-based Real-time Integrated Basmtation
Simulator (tRIBS) distributed and physically based hydro- '
logical model. Their results highlight the dependence of ESF
dispersion on basin area, land cover, soil texture, morphome-

tric features and antecedent rainfall.
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9 Flash floods: from observations to forecasting quantify the overall uncertainty associated with the evalua-
tion of the threshold values, which needs further investiga-
In the Mediterranean region, flash floods produced by ex-ion, as stated by the authors themselves.
treme rainfall are among the risks that endanger human lives Other papers presented in this session have been published
the most. There is extensive literature on the ground effectsn the related ADGEO special issue, also dedicated to the
of this type of events (see Sect. 3), but observation and foreeonference, to which we refer for further details. The pa-
casting of this type of events is quite difficult due to the small per by Camarasa Belmonte et al. (2010) presents an attempt
spatial scale and the very rapid temporal dynamics. to use time series of rainfall observations at different time
In particular, the difficulty in obtaining prompt and de- resolutions to define rainfall thresholds for operational alert
tailed observation generates a lack of knowledge of the physsystems at the regional scale. Lambert et al. (2011) present
ical causes of these phenomena and produces large uncehe CORSICA project, which aims at the implementation of
tainties in their forecasts. Nevertheless, the new observatioa multi-site instrumented platform located on the island of
technologies, which are based on new and/or planned sateorsica for intensive monitoring and improvement of the un-
lite, weather radar, and dense real-time observational netderstanding of the underlying physics of extreme events and
works (see Sect. 5), can provide an important contributionother weather- and marine-related processes.
to the knowledge of the physics of extreme rainfall events The main conclusion of this session was a recommenda-
that produce flash floods in the Mediterranean and their nution that future conferences should focus more on the under-
merical modeling for prediction purposes. standing of the physics of flash-flood-related processes, as
Observations provided by the modern sensors can be usedell as on the sources of uncertainty in forecasting. In addi-
in different ways: (1) to build operating systems that receivetion, it was pointed out that there is a need to highlight better
input from a variety of data sources available today and therwhat is still poorly known or unknown about flash floods in
provide reliable space—time representations of the observethe Mediterranean environment, and thus a need to indicate
phenomena and predictions; (2) to reduce the uncertainty ipriorities in future lines of research.
the statistical evaluation of the hazards associated with flash
floods (see also Sect. 8); and (3) to understand the underly-
ing physics and reduce the uncertainty of predictive modelsl0 Nowcasting
through a better representation of the phenomena. The con-
ference session on flash floods was dedicated to presentatiofien presentations (six of which are oral, one solicited) were
addressing the first and third topics. given at the conference within this topic. Two papers (Aten-
Presentations of the last type were also sub-divided intccia et al., 2010; Rigo et al., 2010) were thereafter published
two categories, both aiming at the understanding of the physin the Plinius-11 NHESS special issue, and another one (Ter-
ical causes of flash floods, but characterized by different apradellas and Téllez, 2010) in the ADGEO special issue.
proaches. Specifically, some presentations made use of mas- Atencia et al. (2010) present an attempt to improve quan-
sive data analysis on a large number of extreme events ttitative precipitation forecasts (QPFs) by blending different
identify the common factors that have to be better repre-sources of information, including both numerical weather
sented in operational model applications. Other presentaprediction (NWP) model outputs and weather radar obser-
tions focused more on the interpretation of the observationvations processed to obtain a nowcasting of the rainfall field.
through simple physically based models in order to under-The technique of blending varies the weight of the different
stand the underlying physics and the causes of uncertainty isources of information as a function of forecast lead time,
operational modeling better. maximizing the importance of the weather-radar-based now-
Only one paper of this session is included in this NHESScasting for short lead times and increasing gradually the im-
special issue. It does not give a global representation of th@ortance of the NWP for long lead times. Currently, the Me-
oral and poster contributions to the conference. The papeteorological Service of Catalonia (SMC) uses the system op-
by Montesarchio et al. (2011), presents an operational warnerationally. The authors conclude that the blending technique
ing system based on rainfall thresholds, which makes use ofespecially the spatial one) is a suitable approach to improve
weather radar data. The authors’ objective is to build a sim-the QPF in the first hours of observation.
plified, reliable, rapid and objective system for issuing short- Rigo et al. (2010) present a nowcasting tool based on the
term alerts. The critical rainfall threshold values are eval-integration of lightning and radar data, which was devel-
uated by minimizing a utility function based on the infor- oped to help the operational forecasters of the Meteorologi-
mative entropy concept and by using a simulation approactcal Service of Catalonia to make decisions in the surveillance
based on radar data. The utility function also includes subjecand warning of convective precipitation events. The method
tive evaluations based on the perception of risk by the deciemploys an object-oriented tracking procedure to identify,
sion maker. However, the authors point out that the best pereharacterize and track thunderstorms in real time. Specifi-
formance is obtained when the use of such subjective evaleally, the object-oriented methodology considers four types
uations is minimized. The paper also shows an attempt t@f primary objects from different data and lightning data
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products (radar 1 km constant altitude plan position indica-addressed probabilistically by resorting to ensemble predic-
tor (CAPPI) reflectivity composites, radar reflectivity volu- tions, rather than to single predictions. By using ensembles,
metric data, cloud-to-ground lightning data and intra-cloudit is indeed possible to formulate probabilistic forecasts prop-
lightning data), which are combined into a higher level ob- erly and to determine the degree of uncertainty, as required
ject, representing the thunderstorm. In addition, the authordy the end users. Thus, much work is being done in the de-
test their procedure by considering several thunderstormsyelopment and testing of different kinds of ensemble predic-
which were observed during the summer of 2006, and anations. Noteworthy is that statistical prediction is another com-
lyze the results for three different thunderstorm stages (develplementary way to improve the forecasts and determine the
opment, maturity and dissipation) and three types of thunderuncertainty.
storm intensities according to their maturity stage and cloud- Verification of the forecasts is another important issue,
to-ground flash rate (weak, moderate and heavy). both scientifically and for the end users. In this regard, it is
Terradellas and Téllez (2010) analyze a case study oveworth mentioning that the improved models and the proba-
the Valencia region to illustrate strengths and weaknessehbilistic forecasts require an effort to develop more appropri-
of using, for nowcasting purposes, near-real-time maps ofate verification methods. In any case, observation of phenom-
vertically integrated water vapor (IWV) estimates based onena plays a fundamental role and should be adequate both for
ground-based observations of the microwave signals contindata assimilation and for optimal reconstruction of a ground
uously broadcasted by the Global Navigation Satellite Sys-ruth on which to test the models.
tem (GNSS) satellites. These authors conclude that this prod- The papers by Garcies and Homar (2010) and by Pefia et
uct constitutes a promising tool for the operational forecast-al. (2011) tackle the issue of improving deterministic fore-
ers, since it displays areas with strong moisture convergenceasts. In this regard, one should consider that optimization of
and, therefore, potential convection triggering, causing alarmthe observational strategies, so as to obtain a better represen-
bells to ring long before any sign appears in other remotetation of the atmosphere where the sensitivity to specific fore-
sensing systems. Nevertheless, they also point out the exigast aspects is at maximum, is a promising strategy to reduce
tence of false-alarm cases, when either the moisture conveNWP uncertainty. Thus, Garcies and Homar (2010) propose
gence is too weak or the stratification is too stable to allowan optimized method for the determination of the ensemble
storm development. sensitivity climatology of intense Mediterranean cyclones. In
The main conclusions and recommendations of this sesparticular, the authors show that the proposed methodology
sion were to a large extent similar to those of Sect. 5 for theis able to provide guidance on actual decisions regarding de-
remote sensing of storms, and therefore are not summarizeployment and relocation of observational means.
here. In addition, knowledge of the synoptic patterns associ-
ated with extreme events is beneficial for reducing the un-
certainty related to their operational forecasting. Indeed, this
11 Operational meteorological and hydrological knowledge allows the expert, in the prediction phase, to fo-
forecasting cus on significant meteorological variables that are well rep-
resented by the models, and to derive from them informa-
End users of hydro-meteorological forecasts need to buildion about other processes that have high social impact but
and increase their reliance on the operational forecastingre not satisfactorily resolved. In this context, databases of
tools that are used daily to make decisions. This raises a quegxtreme events, built in the framework of projects such as
tion about the quantification of the uncertainty associatedMEDEX, are of paramount importance. Pefia et al. (2011)
with forecasts. In addition, this uncertainty must be classifiedanalyze the strong-wind events of the MEDEX database and
according to the type of hydro-meteorological event, sinceapply a clustering methodology, which allows singling out
end users ask for reliable information on the predictability several discriminant mesoscale and synoptic-scale meteoro-
of the different types of hydro-meteorological events havinglogical variables. Noteworthy is that the Meteorological Ser-
high social impact. The problem can be addressed determinvice of Catalonia is presently carrying out a study on how to
istically as well as probabilistically. use this methodology or the catalog obtained, to implement
The deterministic, more traditional, approach aims at im-an analogous forecast system.
proving the reliability of the models by, for example, in-  The paper by Vich and Romero (2010) deals with proba-
creasing the spatial and temporal resolutions, improving thebilistic forecast. The authors propose a superensemble tech-
physical representation of the processes, and assimilatingique to improve the prediction skills of high-impact precip-
the observations. Sensitivity computations and targeting datétation and then test the method in western Mediterranean.
strategies are promising ways of improvement that need mor&he novelty of the superensemble method compared to tra-
tests and studies. Nevertheless, there is no doubt that a ceditional ensemble prediction systems (EPSSs) is that, instead
tain degree of uncertainty will remain in the operational fore- of weighting each EPS member equally, it takes into account
casting, particularly for high social impact phenomena. Thethe past performance of each member by assigning weights
assessment of the residual uncertainty in the forecasts can lacordingly. Furthermore, the superensemble is constructed
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by varying the microphysical parameterizations of a singlethe topic was successfully covered and would be kept for
model instead of using different models. The authors findnext Plinius Conferences to expand contributions on air—sea
that their superensemble does not perform as expected whenteractions.

applied to rare and extreme events. This is largely attributed The published contributions to the topic included four
to the fact that the method needs to evaluate the behavior dthree in the present volume and one in ADGEO) papers re-
individual members of the ensemble on the performance ofated to coastal hazards and three (one in the present volume
similar events in the past, which is quite difficult for extreme and two in ADGEO) papers on the impact of storms within
and rare events. the sea.

Objective verification methods using reliable ground-truth  Mendoza et al. (2011) present a statistical analysis on
observations are necessary to test the performance of deoastal storms based on wave energy. Itis applied to the Cata-
terministic and probabilistic operational NWP models. To lan coast (NW Mediterranean) resulting in a 5-level inten-
a large extent, the problem is how to build a reliable sity, which could be related to potential hazards. The results
ground truth from scattered and incomplete observationsare then related to the presence of Mediterranean cyclones
Federico (2011) addresses the problem of evaluating the adn synoptic analyses, although no direct correspondence on
curacy of the high-resolution (2.5 km horizontal resolution) cyclone intensity with wave energy content is found. Bo-
operational forecasts of minimum, average and maximumsom and Jiménez (2011) present a methodology to assess
temperature, which are issued daily for the Calabria regionstorm-induced coastal vulnerability based on a probabilistic
(southern Italy) using the RAMS model, by means of an ob-approach whereby hazards time series are developed from
servation data set of ground-based point measurements takaxisting storm data, separating the different induced pro-
by 87 thermometers having an average minimum distance ofesses: inundation and erosion. The Catalan coast is divided
10 km. in different sectors defined in terms of the wave-climate-

representative beach types. This method may allow coastal

managers to decide the risks with regards to the function of
12 Air-seainteractions, ocean waves, and coastal surges the probability functions and the importance of the hinter-

land. Rasilla Alvarez and Garcia Cordon (2011) present an
For the first time in the Plinius Conferences history, many assessment of the evolution of storminess along the northern
aspects directly involving the ocean have been joined in oneoast of the Iberian Peninsula through the calculation of ex-
topic. According to the call for papers, contributions on the treme total water levels based on both observed and hindcast
effects of Mediterranean storms over the sea or on the rolelata. Most of the events found correspond to a rough wave
of the sea on the generation of Mediterranean storms werelimate and moderate storm surges. An analysis of the long-
welcome. Among those are air—sea exchanges of heat angrm trends of oceanographic parameters and atmospheric
water, storm surges, seiches, effects of floods on the seeirculation features shows that while local atmospheric con-
and the coastal system, coastal dynamics affected by winditions evolved towards less storminess, their impact has
storms, deep sea slides or beach dynamics, as well as dpeen balanced by the favorable exposure of that coast to the
oceanographic conditions that may favor or hinder convec-increasing frequency and strength of distant disturbances. Fi-
tive storms, extreme events of ocean dynamics or ocean sedhally, morphological beach changes — submerged bar and
iments and impact of storms on aquatic ecosystems. In sumshoreline position, configuration and shape of two Barcelona
mary, the topic intended to cover a very wide range of eventdeaches — are analyzed from video monitoring by Ojeda et
having air-sea interactions as the main player although, sincal. (2010) during 25 major storm events in the period 2001—
limits are sometimes fuzzy, some contributions partially ad-2006. Beach responses to storms included shoreline advance
dressing air—sea interactions could also be found under othesr retreat, sandbar migration, configuration change and for-
umbrellas terms such as climate change (i.e., Casas-Prat amdation of megacusps. Examples of differential adaptation of
Sierra, 2010). both beaches to the same storm and some unexpected mor-

During the conference, ten contributions were presenteghological responses could be found since the response of
under this topic, covering the effects of storms on coastathe beach to storm events was not straightforward because
systems and sediments, through wave generation, and efhe specific morphodynamic configuration prior to the storm
fects of storms on ocean circulation, deep sediment dynamichas to be considered in addition to the wave conditions.
and plankton life in the sea. Most of the contributions were Concerning the storms within the sea interior, Palanques
based on direct observations of real phenomena, althought al. (2011) study the shelf-to-basin oceanic sediment trans-
there were some based on modeling and laboratory experport at the southwestern end of the Gulf of Lion associ-
ments. Heat and mass air—sea exchanges and their effects ated with storms. The paper presents simultaneous data about
atmospheric circulation or on hydrological cycles, althoughthe effect of two severe E-SE storms, with significant wave
crucial for storm development, have been poorly addressetieights> 7 m, on the shelf, the slope and the basin, dur-
among the contributions presented. Therefore, at the rounéhg winter 2003—-2004: one in December and the other in
table held at the end of the sessions, it was concluded thdtebruary. During both, coastal water was exported off-shelf
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producing strong near-bottom currents (up to 82 ch) st the evolution of overland discharge. Generally, under higher
the canyon head that resuspended sediment and increasdischarge the transported sediment tends to be coarser, while
the down-canyon sediment fluxes by several orders of magfor lower slopes the coarser particles tend to remain on the
nitude. The suspended sediment flux increase in the canyosoil surface. Finally, downstream moving storms have greater
head was much larger during the February storm than duringpeak discharges and can more easily mobilize particle sizes
that of December because in February the storm was reinpresent on the soil surface.
forced by dense shelf water cascading. Only few places inthe The session devoted to landslides identified three main
world ocean are suitable for deep convection and shelf watechallenges for the future. The first one consists in the neces-
cascading, and only under particular weather conditions thasity to review the rainfall thresholds defined so far (mainly
are able to trigger convective motion by increasing surfacefor local downpours) and redo the existing inventory of mass
water density through freezing, cooling or evaporation. Salatmovements. The second one derives from the difficulty of
et al. (2010) present a brief review of the response withindistinguishing between different impacts when two or more
the sea to those particular conditions in the NW Mediter- natural hazards occur simultaneously. In effect, results show
ranean. During deep convection episodes, the violent sinkinghat some of the damages reported in the literature, which
and spreading of water parcels, which may reach the deepave been attributed to the effect of rainfall or floods in the
sea floor in few hours, are described in the paper as “hiddenMediterranean mountains, must be associated instead with
Mediterranean storms, occurring under the sea surface. Fimass movements.
nally, this group of papers dealing with the impacts of storms The third challenge refers to a usual problem in hazard as-
in the sea includes the contribution of Peters (2010) abousessment — the necessity of having complete inventories of
the impact of the storms on the sea life, in particular on theboth recent and historic mass movements. In this regard, the
plankton, via fluctuations of the pelagic environment. Stormsuse of high-resolution aerial photographs and remote sensing
are the drivers of extreme fluctuations that cascade down talata implemented within GIS platforms have become funda-
small scales of turbulence, able to alter either nutrient avail-mental tools. The design of systems to forecast the occur-
ability to microscopic algae or swimming and mating behav-rence of rainfall-induced landslides requires the assessment
ior of motile plankton. In particular, storms may also have of the hazard level and the consideration of risk scenarios.
a role in the development and mitigation of harmful algal It is also important to determine whether the expected dam-
blooms, with economic and health consequences that are aiges and losses are mostly related to the landslide magnitude
societal concern. or to the vulnerability of the threatened elements. For this
purpose, the availability of catalogs on the effects of histor-
ical landslides may be of great help. In this sense, Petrucci
13 Rainfall-triggered landslides and coastal et al. (2010) propose a landslide damage assessment method
landslides/erosion called SAF (Support Analysis Framework), and apply it to
the 2009 landslide event in Calabria (Italy).
While eight presentations (three of which are oral) were
given at the conference within this topic, only one paper
(Petrucci et al., 2010) was thereafter published in the AD- ,
GEO special issue. In addition, we summarize here the pa‘‘cknowledgementsiVe thank the EGU Council, the members of
per by De Lima et al. (2011) because it deals with aspectéhe §glent|f|c_and the organizing comr_mttees, and the scientists who
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