MedCLIVAR 2016

Learning from the past, perceiving
the present, engaging for the future

C 26-30 September 2016
T3l e’ Propylaea, University of Athens
hcmr Athens, Greece

EAKETZBE

SAMDLORIE DN NAMALAES YOTROLITI

www.medclivar2016conf.eu

a forum for dissemination and
discussion on climate variability
and change, impacts,
adaptation, mitigation and
policy solutions and options

in the Mediterranean region

Themes & Sessions

The Mediterranean regional climate system

Understanding climate processes, feedbacks and interactions in the atmosphere, ocean, hydrosphere,
biosphere, cryosphere, geosphere, extremes and hazards under climate change

Conveners: Marta Marcos, Katrin Schroeder, Fabio D'Andrea

Earth observations and climate services in the Mediterranean region
Promoting integrated observational platforms and synergies with earth system models towards
the development of Climate Services

Conveners: Vassilis Amiridis, Vanesa Cardin, Silvio Gualdi

Past climate evolution of the Mediterranean region
Palaeo-reconstructions and simulations, recovery of long instrumental time series,
climate shifts, trends and extremes

Conveners: Juerg Luterbacher, Maria Triantaphyllou, Giovanni Zanchetta

Mediterranean climate change assessment, climate projections
Focussing on climate change impacts, options for adaptation and mitigation, decision
support systems, stakeholders' engagement

Conveners: Joel Cuiot, Gabriel Jorda, Andrea Toreti

Climate and society in the Mediterranean region

Considering multidisciplinary climate-environment-human societal systems, feedbacks and
interactions, environmental pressures and responses, lessons for the future

Conveners: John Haldon, Dominik Fleitmann, Vangelis Papathanassiou

” e
wie SCIENTACT A.E.







CONTENTS

CONTENTS
PREFACE............ oot 15
SCIENTIFIC AND PROGRAMME COMMITTEE...........cccooniiiinieersenieeins 17
ORGANIZING COMMITTEE ...........coooooo s 17
CONFERENCE SECRETARIAT ........ooo st 17
SUPPORT COMMITTEE ...............ocoosri st 17
SESSION T ...ttt 18
THE MEDITERRANEAN REGIONAL CLIMATE SYSTEM ...ttt 18
CONVENERS: ..ottt ettt ettt ettt et et e s bt et e s bt eate bt eaeea b e sbeeat e besheente e bt e st e beeat e b e sbeemtenbesheenbesbeentenbeententas 18
MARTA MARCOS, KATRIN SCHROEDER, FABIO D’ANDREA.........ccccccctiiiiteeeeitee ettt siee e siaee e s sivee e 18
NEW PERSPECTIVES ON MEDITERRANEAN CLIMATE VARIABILITY.....ccctttiiiiiiiiiiiiieiiieieeeeeeeeeeeeeeeeeeeeeeeeeeees 19
VINCENZO ATTAIE (1) cuvrreriieeeeiiiiiiieeie ettt e e eeerbre et e e e e eeeettbareeeeeeeseabareaaeeeeeesansrsaeeeeesesassssrssesesesennnsnns 19
GLOBAL ASSESSMENT OF HEAT WAVE MAGNITUDES FROM 1901 TO 2010 AND POSSIBLE
IMPLICATIONS FOR THE RIVER DISCHARGE OF THE ALPS. ..........oeiiiiiiieeeee ettt 20
Matteo Zampieri (1,2,3), Simone Russo (3), Silvana Di Sabatino (1), Melania Michetti (2), Enrico
Scoccimarro (2,4), SiVIO GUAIAT (2,4) ..uuveeeieeeieeeeieeeeee ettt e e e ee e e e e e e eeesaaareeeeeeeesensnsees 20
ANALYSIS OF TEMPERATURE EXTREME INDICES AT NORTHERN COAST OF EGYPT ........cccciiiiiiieeeeeee 21
Gamil Gamal ADA EI-MOTEY (1) cocouriieeeiiie ettt ettt ettt e ettt e e et e e e e e ba e e e eeabaeeeseabaeaeesataeeeeereeaaeanns 21
LONG-TERM SUNSHINE DURATION (1936-2013) AND DOWNWARD SURFACE SOLAR RADIATION (1959-
2013) TRENDS FOR ITALY FROM INSTRUMENTAL TIME SERIES ...........ccoeoiiiiiiieeie e eseee e 22
Veronica Manara (1), Michele Brunetti (2), Maurizio Maugeri (1,2), Arturo Sanchez-lorenzo (3), Martin
WL (4) ceeeeeeeeee ettt e e e s ee e e e e e e e s s es e s e e eseeseeses e aeseeeeeeeneaeeesaseaeeaesaereeeeeeans 22
MEDITERRANEAN EXTREME PRECIPITATION: A MULTI-MODEL ASSESSMENT .........cccccovveeniininienieneene. 23

Leone Cavicchia (1), Enrico Scoccimarro (1,2), Silvio Gualdi (1,2), Paola Marson (11), Bodo Ahrens (3),
Ségoléne Berthou (5), Dario Conte (1), Alessandro Dell'aquila (6), Philippe Drobinski (5), Vladimir
Djurdjevic (7), Clotilde Dubois (8), Clemente Gallardo (9), Laurent Li (5), Paolo Oddo (4), Antonella

SanNNa (1), CSaba@ TOIMA (10).uuueeieiiiiiiiiiiiieiee et e e eeeere e e e e e eeesbbereeeeeeseesssaeseeeeessesssssreseseeeeesnsssees 23
THE 6-13 SEPTEMBER EXTREME DUST DOWNFALL OVER THE EAST MEDITERRANEAN- A CEILOMETER
STUDY ...ttt ettt e et e et e e e bt e e e be e e teeeetbeeebeeeabae e et aeeabaeeabaeabaeeaabaeebaeeataeeabaeeaareeabeeetbeeenraeenrreenns 24

Pinhas Alpert (1), Smadar Egert (1), Leenes UzZan (1)...ceccccueeeeeiiieeeeiiieeeecitee e eciee e eeire e e s eire e e e eire e e e 24

EVALUATING THE ROLE OF RCM MODEL CONFIGURATION IN DETERMINING THE RESULTS OF
SIMULATION OF EXTREME PRECIPITATION IN THE MEDITERRANEAN REGION..........ccooovimmiiiiiiiiiiinnne 25

Simon Krichak (2,), Pinhas Alpert (2), Giora Gershtein (3), Edoardo Bucchignani (1), Paola Mercogliano



CONTENTS

A MULTI-TRACKING METHOD CLIMATOLOGY OF CYCLONES CROSSING THE MEDITERRANEAN REGION

Piero Lionello (1,11), Isabel F. Trigo (2), Victoria Gil (3), Margarida L. Liberato (4), Katrin M. Nissen (5),
Joaquim G. Pinto (6,7), Christoph C. Raible (8), Marco Reale (9), Annalisa Tanzarella (10), Ricardo M.

Trigo (3), Sven Ulbrich (7), UWe UIBFICH (5) ..eiiiiiiieiiiiie ettt e e e stee s e nae e e e 26
LOCAL AND EXTERNAL FACTORS DETERMINING INTERANNUAL SEA LEVEL VARIBILITY OF THE ADRIATIC
AND BLACK SEAS IN THE 20TH CENTURY: COMPARISON AND CRITICALITIES. ..o 27

Luca Scarascia (2), Piero LIONEIIO (1,2) ccoovccvrreeeeee ettt ettt eeeeeetree e e e e e e eeetarereeeeeeeearareeeeaeeeens 27
STATISTICAL DOWNSCALING OF EXTREME CLIMATE INDICES FOR BENGHAZI-LIBYA.............cccoeruennene. 28

Gamil Gamal Abd El-motey (1), Dalal EIbeShary (2) ...ccceeee it et e e 28
IMPACT OF SURFACE WATER TURBIDITY ON THE DYNAMICS OF THE MEDITERRANEAN SEA AND ITS
INTERACTION WITH THE ATIMOSPHERE ..........coiiiiiitiiiieeierteetete ettt sttt bbb et se e s 29

Vasileios Pefanis (1), Athanasios Nenes (1,2,3,4), Apostolia-maria Mavropoulou (1), Vassilios Vervatis

(1), SArantis SOTIAN0S (1) ..ccccveeeeeeiieeeeeiiee et erte e et e e e ettt e e e e ere e e e eeateee e eeateeeeestaeesesseeasasraeasasreeeeansrens 29
SYNOPTIC EVOLUTION SCENARIOS ASSOCIATED WITH PROLONGED DRY SPELLS IN ISRAEL................... 30

Hadas Saaroni (1), Baruch Ziv (2), Tzvi Harpaz (1,2), Judith Lempert (1) ...ccccoeeeveeeeeiieeeecieee e, 30
INTERANNUAL VARIABILITY OF THE OXYGEN MINIMUM ZONE IN THE MEDITERRANEAN SEA ............. 31

Apostolia Maria Mavropoulou (1), Athanasios Nenes (1,2,3,4), Sarantis Sofianos (1) ......ccccceveeevennnennn. 31
MULTIPLE EQUILIBRIA AND OVERTURNING VARIABILITY OF THE AEGEAN-ADRIATIC SEAS ................... 32

Yael Amitai (1,2), Hezi Gildor (1), Yosef AShKENAZY (2) .veevveeeiieeiiieeiee et eee e 32
CAN PRECIPITATION OVER ISRAEL BE PREDICTED FROM EASTERN MEDITERRANEAN HEAT CONTENT? 33

Hezi GIldor (1), YAl AMILAl (1) coovvveeeieiiiiieiiieeeee e eeetrte e eeeitee e e e e e eeeaarer e e e e e e senssabereeeeeeessnrarereeeseeenn 33
SPATIAL AND TEMPORAL VARIABILITY OF VERTICAL WIND SHEARS OVER THE MEDITERRANEAN
REGION BASED ON ERA-INTERIM REANALYSIS......cootiiiiiiiiiiiiiiiiiiiiiitieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeseseeeeeeesesenee 34

Angelika Palarz (1), Daniel Celinski-mySIaW (1) ...ccccuveeiiiiiieeciiie et e e e e aaa e e e saaaeeean 34
EVALUATION OF HIGH RESOLUTION WRF DYNAMICAL DOWNSCALING OVER GREECE.......................... 35

Nadia Politi (1,2), Panagiotis T. Nastos (2), Athanasios Sfetsos (1), Diamando Vlachogiannis (1), Nikolas

R. Dalezios (3), JOhN KapSOMENAKIS (4) ..eccveieiieeiirieecieeciee et e st e eteeeste e e te e e saeesteeesabeesteeesaeesaraeesaeens 35
CYCLONE STRUCTURE AS A CONTINUOUS SPECTRUM: THE MEDITERRANEAN CASE............ccceceeruenueenee. 36

Yo o T O\ ViTelel L= TN () ISR RT 36
SURFACE HEAT, WATER AND MOMENTUM FLUXES IN THE MEDITERRANEAN SEA ...........cccccceveeeininnne 37

Y LaaTe T a1 VR T 1Y <1V ) SRR 37
EXPLORING THE ADDED VALUE OF 12-KM CLIMATE MODEL OUTPUT FROM ERA-INTERIM DRIVEN
CORDEX SIMULATIONS OVER THE EASTERN MEDITERRANEAN .........cooiiiiiiiiiieiee et 38

Panos Hadjinicolaou (1), GEOrgE Zittis (1) cueeeeeciieeeeiiiieeeiiieeeeciteeeeette e e e ette e e e ette e e e e abeeeeeareeeeenreeeeennreas 38
ROSSBY WAVE DYNAMICS ASSOCIATED WITH INDIAN SUMMER MONSOON AFFECTING THE EASTERN
IMEDITERRANEAN........ .ottt ettt ettt ettt sh e et bt et e s bt e at e bt sbeea b e s bt e bt e bt e bt et e sbeeabenbesbeenbesbeenbenbesaeenees 39



CONTENTS

D. Rizou (1), H. Preka (1), H. Flocas (1), M. Hatzaki (2).....ccceeeeeiiieeecciee ettt e 39
A DATA MINING APPROACH TO PREDICT WATERSPOUTS OVER IONIAN SEA (WEST GREECE)............... 40
Nikolaos Kamperakis (1,2), loannis T. Matsangouras (1,2), Panagiotis T. Nastos (1), loannis Pytharoulis
) SRR 40
CAN LONG-TERM WAVE DATASET TRENDS BE REPRESENTATIVE OF LARGE-SCALE CLIMATE?............... 41
Angela Pomaro (1), Luigi Cavaleri (1), Piero LIONello (2,3) .ceccvieeieciiie ettt e e 41
JOINT MODES OF EXTREME CLIMATE INDICES OVER THE MEDITERRANEAN .........ccccoeiiiiiiiiiieeeeeee 42
lliana Polychroni (1), Panagiotis T. Nastos (1), John Kapsomenakis (2), Maria Hatzaki (1).................... 42
WATERSPOUT PARENT CLOUD ATTRIBUTES BASED ON MSG SEVIRI RSS INFRARED BRIGHTNESS
TEMPERATURE OVER GREECE ...........ccooitiiiiieiteiieiteie sttt ettt et sbeeat et sbe et e sbesbeebesbeensesbesmeenbesbeentens 43
Kyriakoula Papachristopoulou (1), loannis T. Matsangouras (1,2), Panagiotis T. Nastos (1)................. 43
A BRIEF OVERVIEW OF THE CHEMISTRY-AEROSOL MEDITERRANEAN EXPERIMENT (CHARMEX, 2010-
2020) WITH A FOCUS ON AEROSOL IMPACT ON THE RECENT AND FUTURE REGIONAL CLIMATE .......... 44

Francois Dulac (1), Pierre Nabat (2), Marc Mallet (2), Marie Monier (3), Laaziz El Amraoui (2), Fabien
Solmon (4), Isabella Annesi-maesano (5), Matthias Beekmann (6), Karine Desboeufs (6), Eric Hamonou

(1), Philippe Ricaud (2), StA©phane Sauvage (7), Jean SCIare (8) ......cveveeeeevereereeeerereeseeeeeeseseeseeeenenas 44
EFFECT OF EAST ASIAN TROUGH ON THE TEMPERATURE PATTERNS IN THE EURO-MEDITERRANEAN
REGION IN THE EARLY SPRING AND THE EXTREME CASE OF THE YEAR 2004 ..........ccooevvieiiiiiiiieeeeeeenne 45

Yasemin Ezber (1), Deniz Bozkurt (2), Omer LUtfi SEN (1) .ooeeeureieeeiiee et 45
SAHARAN DUST CHEMICAL COMPOSITION OVER SOUTHEASTERN MEDITERRANEAN .......ccccoiiiiiinnnneee 46

Anastasia G. Bleta (1), Panagiotis T. NAStOS (1) ...ccccveeerriiirieiiiiiieeiciieeeeiieeeesvreeesseereeesserneeesssveeessaneeeean 46
HOT DAYS AND DROUGHT SYNERGY OVER THE MEDITERRANEAN...........ccooiiiiiiiiiiieeeeeeeeeceee e 47

Russo A. (1), Ramos A.M. (1), Gouveia C. M. (1), Ramos P. (1), Trigo R.M. (1) ccceeeeeeciereeeiieeeeireee e, 47
COMPARISON OF IDF CURVES PARAMETERS USING DIFFERENT ESTIMATION METHODS....................... 48

Hanen Ghanmi (1), Zoubeida Bargaoui (1), CAOCile Mallet (2) ....ceveveeereeereeereeeeeeeeereeeeeeeee e 48
MODELLING THE MEDITERRANEAN SEA CLIMATE: THE MED-CORDEX ENSEMBLE OF OCEAN REGIONAL
CIRCULATION MODELS (ORCIMIS). .....oiiiiiiiieecieeecieeeteeette e st eeteeessteesstesesneeesnteesnsaeesnseesnseeessseesnseessnsessnses 49

(O o YT I oY e - I 1) OO PSR UURRRRRRTIRt 49
BOX MODELING OF THE EASTERN MEDITERRANEAN SEA ..........coooiiiiiiiiiiiiiiiiiiiiiieeieeeeeeeeeeeeeeeeeeeeeeeeeeenenene 50

Yosef Ashkenazy (1), Peter H Stone (2), Paola Malanotte-rizzoli (2)......cccccceeciveeeiiiiieecciiee e 50
THE ROLE OF ATMOSPHERE-OCEAN INTERACTION IN THE RELATIONSHIP BETWEEN SEA SURFACE
CONDITIONS OF THE MEDITERRANEAN SEA AND REGIONAL CLIMATE OVER EUROPE........................... 51

Yeliz Yilmaz (1), Fulden Batibeniz (2), Ufuk Utku Turuncoglu (3,4), Baris Onol (2) ......cccevveeeeevvereecnnennn. 51

SESSION.2....cooooooeooeeeeeeeeeeeeeeeeeeeeeeeeeeseseeee e 52
EARTH OBSERVATIONS AND CLIMATE SERVICES IN THE MEDITERRANEAN. REGION.......... 52
CONVENERS........ oottt b et b e s bt et s bt e at et e ae et e sbeeabesbeebeenbesbeenaenbesaeenees 52



CONTENTS

VASSILIS AMIRIDIS, VANESA CARDIN, SILVIO.GUALDL.........ccccctitiirieieieieeee et seeeeeene e 52
THE GEGRADLE PROJECT: INTEGRATION OF EARTH OBSERVATION ACTIVITIES IN THE REGIONS OF
AFRICA, MIDDLE EAST AND BALKANS, FOR IMPROVED ADAPTATIEICHIONIREMAT.............. 53
[ P T S ] g1 (0= TSI (USRI 53
19611990 HIGHRESOLUTION MONTHLY PRECIPITATION CLIMATOLOGIES.FOR ITALY....... 54
Alice Crespi (1Michele Brunetti (2), Maurizio Maugeri (1,2)....cccceeerieeerineeierieeeerieseeeesieseenens 54
AN ENSEMBIBASED SUBGRID SNOW DATA ASSIMILATION FRAMEWORK APPLIED TO THE SOUTHERI
SWISS ALPS ...ttt sttt ettt et e st s ae e be st e st et et e s e e st e st eseebeebe et e nteeese e et eneenenrens 55
Kristoffer Aalstad (1), Sebastian Westermann (1), Laurent BertinQ.(2).......c..coccecevevvereeeenennenn 55
GRIDDED PRECIPITATION DATASETS: HOW CONSISTENT ARE THEY FOR TURKEY, A COUNTRY WITI
TOPOGRAPHY. ..ottt sttt ettt b e et e e be st e st e te st et eseesesbesbesbensensenseneeneesensens 56
Gizem Girgin (1), Yeliz Yilmaz (1), Omer LUtfi SEM.(L).....cccceiiereeeeee et 56
HIGHRESOLUTION 1 DAY EXTREME PRECIPITATION IN A WET AREA CENTRED OVER EASTERN LIGU
EXAMPLE OF CLIMATE SERVICE PRODUCT........ccoiiiiieirtrtesesie ettt sne e 57
Andrea Bertolini (1), Michele Brunetti (1), Maurizio Maugeri {1,2).....cccccceeveevveveevieenieeneesineeineens 57
A MEDITERRANEAN DATABASE FOR ASSESSING IMPACTS IN THE.COASTAL ZONE......... 58

Claudia Wolff (1)Athanasios Vafeidis (1), Jochen Hinkel (2,3), Daniel Lincke (2), Alessio.Satt®§4)
A SERVICE FOR THE-RIMME APPRAISAL OF OBIEATIOSPECIFIC PERSONAL HEAT WAVE RISK

Iphigenia Keramitsoglou (1), Chris T. Kiranoudis (1,2), Panagiotis Sismanidigt@hj2)Analitis (3),
KIE@A KALSOUYANNI (3)...ueeveeieeiieeiiieieeiteesieesteesttesteste e teesteesteessaesssessteessaesseesssesssssssessesnsesssesssesssennsenns 59

DEVELOPING A STAKEHOLDER TOOL TO ASSESS IMPACTS AND ADAPTATION OP RANEADOR MEDITI
| SLANDS® AGRI CULTURE THROUGH CLILMATE..AND..H¥YDROL OC

Christos Giannakopoulos (1), Maria Papadopouloéi®g Karali (1), Giannis Lemesios (1),

Konstantinos V. Varotsos (1), Despoina CharcChOouSL{2).........cccvererierieieinenireneseeeeeeeeeeenee 60
CLIMATE SERVICES FOR HEATWAMEARIHENS AND MAJORCA: THE EU PROJECT TREASURE INITIATIV
..................................................................................................................................................................... 61

Christos Giannakopoulos (1), Dimitra Founda (1), Anna Karalis{ll3, Mmentes (1), Iphigeneia

Keramitsoglou (2), Chris T. KiraNOUAIS (2,3).....cccciieieriirieriirieesieneeeesieseeseesessesseseessessesssessesseesees 61
WILDFIRE DANGER ASSESSMENT IN AN EASTERNNEANTENRRRONMENT.............cccccvevenenee. 62

Konstantina Tourtsinaki (1), Anna Karali (1,2), Panagiotis T. Nastos (1), Maria Hatzaki (1), Christos

Giannakopoulos (2), AKIi BENAIL(3).....couririririieieieeeeee et 62
DUST OVER THE MEDITERRANEAN USING AN ONLINEHEMNVEAITEY REGIONAL CLIMATE MODEL
(REGHA). ...ttt ettt sttt ettt a e e bt e bt e be s b et et et e e e st e st ebe e b e sbesbenbe e eneeneeneeneasentens 63

Athanasios Tsikerdekis (1), Prodromos Zanis (1), Allison L. Steiner (2), Fabien Solmon (3), Vassilis

Amiridis (4), Eleni &inou (4), Eleni Katragkou (1), Theodore Karacostas.(1)........ccccceevverereennene 63

THE EFFECT OF CLOUDINESS ON GLOBAL, DIRECT AND DIFFUSE SBIMTRIRRRIDANGSITE OF
EASTERN MEDITERRANEAN: WHAT SATELLITE INSTRUMENTS AND CLIMATE MODELS CANNOT USU.
ESTIMATE. ... bbb s bbb bbb b e 64

-6-



CONTENTS

loannisVamvakas (1), Andreas KazantZidiS.(IL)......ccceeeeeerereeneneeiereeeesee e sie et eee e eeeneas 64
THE TURKISH MONITORING PROGRAM TO UNDERSTAND THE LONG TERM VARIABILITYOF CLIMATIC
VARIABES IN THE EASTERN (LEVANTINE) MEDITERRANEAN.........cccccooiiniincincinceeeieae 65

Baris Salihoglu (1), DeKOSIM TEAM.(L).....cccouerrieiieeerieereesee e ete e e seeseesaesteeteesseeseaesraesnneenseens 65

ANALYSES OF ECOSYBREWARY PRODUCTION INTERACTIONS IN THE NORTHERN LEVABAINE BASIN
Elif Yilmaz (1), Baris Salihoglu (1), Zahit Uysal (1), Caglar Yumruktepe (1), Devrim Tezcan £1), Hasan A

1= G () TSR SRRS 66
SESSION S 67
PAST CLIMATE EVOOMN OF THE MEDITERRANEAN REGION...........cccoooiiiiiinieeneeeeeeee e 67
CONVENERS.... ...ttt ettt ettt st e et e s teea e et e e bt en e e bt eaeeasesbeentenbeeaeenseeneeneenaeeneennas 67
JUERG LUTERBACHER, MARIA TRIANTAPHYLLOU, GIOVANNLZANCHETTA.........ccccovvrneene. 67

CLIMATE INSTABILITY DURING THE LAST INTERGLACIAL.......c.cccoceotttintntninirrneseseseeeieenenenes 68

Polychronis Constantinos Tzedakis (3), Vddgikgari (3), Eleonora Regattieri (5), Luke Cameron
Skinner (6), Laurie Menviel (2), John Hellstrom (1), David Hodell (6), Giovanni Zanchetta (4), Russell
DIYSTAIE (L) neeeiteeteeteeteetet ettt ettt b e bbbt et h bbbt a e bttt n e ne e 68

Konstantinos Panagiotopoulos (1), Jens Holtvoeth (2), Adele Bertini (3), Katerina Kouli (4), Timme
Donders (5), Laura Sadori (6), Richard Pancost (2), Bernd Wagner (1), Martin Melles.(1)....... 69

Ingmar Unkel (1), Pavlios AVIamMIdiS.(2)....c.ccoeerieieieiieree s eie e ese e eseeste e ete e e steesrnesanesnneens 70

INTEGRATING GEOLOGICAL AND BIOLOGICAL INFORMATION ON THE AGE, THE ORIGIN, THE
ENVIRONMENTAL HISTORY, THE BIODIVERSITY, AND THE ENDEMISM IN LAKE OHRID (FYROM/ALBAI
INTERIM RESULTS FROM THE SCOPSCO.PROJECT...........coiiiiiiiicieene s 71

Bernd Wagner (1), Thomas Wilke (2), Alexander Francke (1), Sebastian Krastel (3), Niklas Leicher (1),
Janna Just (1), Giovanni Zanchetta (8), Laura Saddt¢mas Wonik (5), Hendrik Vogel (7), Melanie

QUANTITATIVE WATER LEVEL VARIABILITY OF LAKE PRESPA (SW BATKENZTHRIRINLOCENE
RECONSTRUCTED FROM BEACH RIDGE SEDIMENTS: IMPLICATIONS FOR MEDITERRANHEN HYDRO

CHANGES FROM THE MEDIEVAL CLIMATE ANOMALY TO THE.PRESENT...........ccccccccvvvvrnnnn. 73

Tim Van Der Schriek (1), Christos Giannakopoulas. (L).........ccceveverererieieineneneseeneeeeeeeeeeenes 73
RECONSTRUCTION OF WINTER TEMPERATURE IN JERUSALEM AND THE PROBABILITY OF WAVELET
TO DETECT PERIODICITIES IN CLIMATIC TIME.SERIES...........ccooooiiieeeereseneee e 74

Assaf Hochman (1), Hadas Saaroni (2), Felix Abramovich (3), MiryaattBaws (4), Baruch Ziv (5),

[T ] E= RS o =T A () TP 74
CLIMATIC CONDITIONS FROM NORTHERN TUSCANY (CENTRAL ITALY) DURING LATE ETRUSCAN AN
TIMES AS REVEALED BY SPELEQTHEMS ..........coooeeeeee ettt 75

Giovanni Zanchetta (1,2), Bini Monica (1), Isola llaria (2), Regattieri Eleonora (3), Russell Neil Drysdale

()b bt a e h e bbbt b bR e e Rt h e bt bt b eh e b et et et e st e st ebenaen 75
BRONZE AGE PRECIPITATION VARIABILITY RECORDED IN A SPELEOTHEM FROM MAVRI TRYPA CAV
PELOPONNESE, GREEQCE ............cccooi oottt sttt ettt te st et e seeseeneens 76



CONTENTS

Martin Finné (1,2,3), Karin Holmgren (4,2,3), Chalenru Shen (5), Hseming Hu (5)......ccccvevnnee 76
NORTHERN AND SOUTHERN COASTAL ECOSYSTEM RESPONSES TO THE HOLOCENE CLIMATE VAR
THE WESTERN MEDITERRANEAN..........ccoooiiiieeeee et 77

Nathalie Combourienebout (1), Julien Azuara (1), Sahbi Jouadi (1), Vincent Lebreton.(1)...... 77

PALECOSVIRONMENTAL AND PALEOCLIMATIC CHANGES AT LAKE OHRISTEISRNEYROPE)
DURING THE LAST BO0KA......coooiii s 78

Odile Peyron (1), Simon Gui(2), Nathalie Combourigwebout (3), Laura Sadori (4), Adele Bertini (5),

Timme H. Donders (6), Sébastien Joannin (1), Katerina Kouli (7), Andreas Koutsodendris (8), Alessia Masi
(4), Annamaria Mercuri (9), Kostas Panagiotopoulos (10), Gaia SingpBla®a Torri (9), Bernd

LAV T [ =T (0 S 78

HOLOCENE CLIMATE VARIABILITY FROM RIO MARTINO CAVE (WESTERN ALPS, NORTHERN ITALY)

Eleonora Regattieri (1,6), Giovanni Zanchetta (2,6), llaria Isola (3), Russell Neil Drysdale (4), Zanella Elene
(5), Hellstrom Joh(), Boschi Chiara (6), Luca Lanci (7), Federico Magri.(8)......c.ccccccvevvevvvennnne. 79

MID-HOLOCENE HYDROLOGICAL CHANGES IN NORTH AEGEAN SEA (NGEDHERERNEMN
NEM), AS INFERRED FROM THE PALEOFLOOD RECORD OF ALIAKMON.RIVER DELTA..... 80

Michael Nikolaos Styllas (1), Mathieu &Il (2)..........cccoeveerieeeeceee e 80

PALEOCEANOGRAHACEOCLIMATIC RECORDS OF MIS 5E INTERGLACIAL DEPOSITS: FIRST EVIDENC
SAPROPEL S5 IN THE AEGEA$W CYCLADES PLATEAU, GREECE).........cccccoveecinnecinee 81

G Rousakis (1), M Ratopoulou (2), M V Triantaphyllou (2), A Gogou (1), | Bouloubasd{{3)z&(P),
K Kouli (2), K Parinos (1), S Kyrikou (2), V LYKOUSIS. {L)...c.cccueeerieeerieeereeseeiesie et 81

LAST INTERGLACIAL RECORDS FROM CONTINENTAL CARBERAHEBASAND LACUSTRINE
SEDIMENT): A COHERENT FRAMEWORK OF ENVIRONMENTAL VARIABILITY FROM CENTRAL ITALY S|

Eleonora Regtéri (1), Giovanni Zanchetta (2), Russell Neil Drysdale (3), Biagio Giaccio (1), Nomade
Sebastien (4), Bernd Wagner (5), Alexander Francke (5), John Hellstrom (6), llaria Isola (7), Chiara Boschi

) Yoo 82
VEGETATION AND CLIMATE CHANGES IN THE SOUTHERN BALKAN PENINSULA (SE EUROPE) DURINK
LAST 500 KA: THE LAKE OHRID RECORD........ooovvooooooveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeseeeeeeseeeeeeeeeeeeeeeeee 83

Katerina Kouli (1), Kostas Panagiotopoulos (2), Andreas Koutsodendris (3), Alessia Masi (4), Laura Sadori
(4), Adele Bertini (5), Nathalie Combounebout (6), Timme H. Donders (Rlexander Francke (2),
Sébastien Joannin (8), Anna Maria Mercuri (9), Odile Peyron (8), Gaia Sinopoli (4), Paola Torri (9), Bernd

Wagner (2), Giovanni Zanchetta (10).........coccevirereririereieiresesesesiesseeet e 83
EXTRACTING THE PRECIPITATION AND TEMPERATURE PROXIES FROM LAKE HAZARRISE ANATOLIA)
CORE DATA, BY USING INDEPENDENT COMPONENT.ANALYSIS...........ccocovvevreeeeeeeeeen, 85

Z Bora On (1,2), Sena AkGar (1), M Sinan Ozeren (2), K Kadir Eris(3), Alan M Greaves (4), M Namik

(O To =1 =1V () SRS 85
LATE PLEISTOCHKEOCENE ENVIRONMENTAL CHANGES ON SPERCHIOS-OENTRRLAREECE
..................................................................................................................................................................... 86

Evangelos Tsakalos (1,2), Elias Dimitriou (2), Maria Triantaphyllou (3), Katerina Kouli (3), Margarita
Dimiza (3), Christos Anagnostou (4), Maria Kazantzaki.(2)..........c.cccevveeevererceneseeneseeeesieeeenns 86



CONTENTS

ATMOSPHERIC DYNAMICS LEADING TO WEST EUROPEAN SUMMER HEATWAVES DURING THE PAST

CENTURIES........oooiteieise ettt sttt ettt et e e b et b e e s et ese st e s e st eneebeneebeneesensebensesennns 87

M. Carmen Alvarezastro (1), Davide Faranda (1), Pascal Yiou.(L)......cccocevveeveveneereneeeerieeeene, 87
HIGHRESOLUTION MULTI PROXERVHES OF CLIMATE CHANGES DURING THE PAST 1400 YEARS FROM
LAKE SALDA SEDIMENT RECORDS (SW TURKEY)........ccccsttmiirieineninieieeneeie st seenes 88

lliya Bauchi Danladi (Bana Salihoglu (1), Z. Bora On (1), Sena-AKTEL)...........cccoevevvrerrererennnes 88
MEDITERRANEAN SEA CIRCULATION DURING YOUNGER DRYAS ANCDERFOSARRAPELERVALS:
A NUMERICAL APPROAGCH..........oo ittt sttt ettt a e s et s e s sesbe s saeseesensesaneas 89

Angeliki Sampatakaki (1), Vassilis Zervakis (1), Alexandra Gogou (2), Mari@yiltean(d8p Nikolaos

SKITIS () eveueeteieieieeste ettt sttt et et ete e et e e es e e et e s ese s esesae st e bese et enesseneaseneesaneeseneeseneas 89

LONGTERM HYDROLOGICAL VARIABILITY OVER NORTHERN ITALY FROM IONIAN.SEA.SEDIMENTS

Carla Taricco (1,2), Silvia Maria Alessio (1,2), Sara Rubinetti (1), Davide Zanchettin (3), Simone Cosoli (4).
Miroslav Gaci¢4), Salvatore Mancuso (2), Angelo RUDINO.(3)......cccccviveerieiieieeeeeeeeeeeee e 90

TRENDS OF TEMPERATURE AND PRECIPITATION IN THE APULIA REGION (ITADBGADETHE LAS
Piero Lionello (1), Giuseppe Maggiotto (1), Riccardo Buccolieri.(L)......ccccovevvevveveevennrenresnens 91

THE LAST INTERGLACIALRESBLUTION POLLEN RECORD FROM LAKE OHRID (FYRQM/ARBANIA)
Gaia Sinopoli (1,2), Laura Sadori (1), Alessia Masi.(L).......cceccervreeririnierieeesie e 92

SHIFT IN EVAPORATIVE REGIME INTENSIFYING RECENT HEAT EXTREMES IN SQUTHEAST EUROPE
Maria Knaus (1), Dim Coumou (1), Alexander RObINSON {1,2,3)...cccccceviiriieciiecieenieeseeseesveeneens 93

HOLOCENE MALANDSCAPES OF WEST ATTICA (GREECE): FROM A CLIMATE CONTROLLED VEGETA
TO THE MODERN CULTURAL LANDSCAPE...........coooiiiieee e 94

Stella Kyriko(l), Katerina Kouli (1), Maria V Triantaphyllou (1), Margarita D Dimiza (1), Alexandra
Gogou (2), Aristomenis P. Karageorgis (2), Christos AnagnostQu.(2)........ccceceeevverreecreecveesreennen. 94

COUPLING PALEOCEANOGRAPHIC AND PALEOCLIMATIC DATA OF THE NORTH AEGEAN FOR THE L/

Maria Fatourou (1), Elena Xoplaki (2), Maria Triantaphyllou (1), Alexandra Gogou (3), Margarita Dimiza
(1), Constantine Parinos (3), Juerg Luterbacher.(2).........cccoevevenineneiiieieeeeseeeeeeens 95

EVALUATION OF CORDEX HIGH RESOLUTION RCMS OVER THE MEDITERRANEAN.BASING6
Konstantinos V. Varotsos (Christos Giannakopoulos (1), Anna Karali (1), Vasilis Tenentes.(196

PALEOENVIRONMENTAL EVOLUTION AND SEA LEVEL CHANGESNGBARQNRAEUS COASTAL
PLAIN AND ELEFSIS BAY, GREECE) DURING THE.HOLOCENE..............cccccoceciniiinniniineenee, 97

Maria V. Triantaphyllou (1), Kosmas P. Paviop{28s Katerina Kouli (1), Olga Koukousioura (4),
Margarita D. Dimiza (1), Elina Aidona (5), George Syrides (4), Alexandra Gogou (6), Aristomenis P.
Karageorgis (6), Stella Kyrikou (1), Aggelos Pallikarakis (7), Odysseas Archontikigh{lippke&uaian

(8), Christos Anagnostou (6), Eric FOUACNE.L2)........ccoceeieiieieieeerieseeee st 97
FOSSIL LAURACEOUS WOODS FROM THE EASTERN MEDITERRANEAN (LESBOSNMDE) LEMNOS IS
GREECE) AS A TOOL FOR PALAEOCLIMATIC RECONSTRUCTION.........ccecveiiriinenreneeeene 99

Dimitra Mantzouka (1), Jakub Sakala (2), Vasileios KarakitSios.{1)........ccccceevererveereneeveerieseenn. 99



CONTENTS

MEDITERRANEAN CIRCULATION PERTURBATIONS OVER THE LAST FIVE CENTURIES: RELEVANCE T
EASTERN MEDITERRANEAN TRANBHEMIENTS. ..ot 100

Alessandro Incarbona (1), Belen Martrat (2,3), P. Graham Mortyn (4,5), Mario Sprovieri (6), Patrizia
Ziveri (4,7,8), Al@ndra Gogou (9), Gabriel Jorda (10), Elena Xoplaki (11), Juerg Luterbacher (11,12),
Leonardo Langone (13), Gianluca Marino (4,14), Laura Rodriguez Sanz (4,14), Maria Triantaphyllou (15),
Enrico Di Stefano (1), Joan O. Grimalt (2), Giorgio Tranchidad@joFSprovieri (1), Salvatore Mazzola

MULTIPROXY EVIDENCES FOR PALEOCEANOGRAPHIC CHANGES IN THE EASTERN WRIDKEERRANEA
THE HOLOCENE: CONNECTIONS TO REGIONAL AMITELDBAIMATIC VARIABILITY PATTEBNS

A. Gogou (1), M. V. Triantaphyll@), I. Bouloubassi, K. Kouli (2), G. Rousakis-(1)Elneis (4), G.
Katsouras(1), U. Kotthoff (4), M.Dimiza (2), K.S. Parinos (1), J. Mobius (4), M. Athanasiou (2), V. Lykousis

1 TR 101
VERMETID REEFS AS MULFRRDEY FOR MEDITERRANEAN-PRVEGNMENT AND CLIMATE
VARIABILITY ...ttt ettt ettt e st et e st et en e st et e b et et e e eb et ese e enesne 102

Yitzhak Jacobson (1), Ruth Yam (1), Saverio Devoti (2), Paolo Montagna (3), Aldo Shemeshq2)

SESSION 4 e 103
ASSESSMENT OF CLIMATE CHANGE IN THE MEDITERRANEAN REGION AND CLIMATE PROJECTIONS ..... 103
CONVENERS: ...ttt e e e ettt e e e e e e e b e e et e e e e s e e b b e bt e e e e e s ea s s b e et e eeeeseaannnbebeeeeeeseaannnrnneeeas 103
JOEL GUIOT, GABRIEL JORDA, ANDREA TORETL........cuiuiiieiuiiseieeeeeeee et eeeee et e s et s essss s e saesenenana 103
CLIMATE CHANGE, VARIABILITY AND DROUGHTS: OBSERVATIONS, IMPACTS AND ADAPTATION
IVIEASURES. ...ttt e e e e s e s e et e e e e e s e bbb e e e e e e e s e asbb e et e eeee s e nnreneeeas 104

Y =Yg olo I U clo T (1 RSP 104
SHARING EXPERIENCE ON CLIMATE CHANGE WITH POLICY MAKERS. THE CASE OF THE GECCC AND
CADS IN CATALONIA ...ttt ettt e st e e e e e s et e e e e s e s e b b ae et e e e s esannrraeeeeeesesannnrnneeeas 105

Maria CarmeEn LIGSAT (1) .uveeeeeeeieiiiiiieeee e eeeiireeeeee e eeerrree e e e e e eeestbraaeeeeeeeeesabrrbeseseseeesssrasseeeesseensssreneeens 105

THE MIXED LAYER IN THE MEDITERRANEAN SEA: CLIMATOLOGY, EVOLUTION AND LINKS TO MASS
IMMORTALITIES ...t e e e s s e e e e e e e s e b e et e e e e s s e ssnreaeeees 106

Irene Rivetti (1), Ferdinando Boero (1,2,4), Simonetta Fraschetti (1), Enrico Zambianchi (3), Piero
(7o o T=] o XN (0 ISR 106

USING THE STANDARDIZED PRECIPITATION INDEX AS A KEY METEOROLOGICAL DROUGHT INDICATOR
TO STUDY CLIMATE CHANGE IMPACTS ON WATER RESOURCES IN DRY MEDITERRANEAN

ENVIRONIMENTS. ...ttt ettt ettt e e e s e bbbttt e e e e s e s bbb et e e e e s ea s nb e eeeeeeesaaannnbaneeeeeeseaannnreneeeas 107
Fadi Karam (1), Nabil Amacha (2), George Mitri (3), Alfonso Dominguez (4) .......ccccveeeeeecreeeeecreeeeennnen. 107
MEDITERRANEAN SEA LEVEL CHANCE: EITHER TOO HIGH ORTOO LOW.........ccccvvirriiimiineinieneienenereneeenene 108
Michael Tsimplis (1), Adrian Martinez-asensio (1), Francisco Calafat (1) .......cccceeevvviveeiniieee e, 108
PAST AND FUTURE TRENDS IN TEMPERATURE AND PRECIPITATION IN MOROCCO ...........ccccevueueenene 109
Said Filahi (1,2), Yves Tramblay (3), Latifa MOUNIr (1) ......ccoeciiiieeiiiieeciiee e e 109



CONTENTS

INFRASTRUCTURE-THREATENING HEAVY PRECIPITATION IN THE MEDITERRANEAN REGION UNDER

CLIMATE CHANGE CONDITIONS ......oooiiiiiiiiieciee ettt et e eteeeeteeeeteeeetbeesbeeestseesabaesbeeessseessesesseessesessseenns 110
Katrin M. Nissen (1), UWe UIDFICH (1) ...ccoiiiiiiieiieiiieecieeeeee ettt e e e e e eeeaareae e e e e e e eenaasreneeeas 110
GENERAL CIRCULATION MODEL WEIGHTING FOR OPTIMIZED PROBABILISTIC CLIMATE CHANGE
PROJECTIONS OF MEDITERRANEAN PRECIPITATION .......ooociiiiieciee ettt ettt et sve e evae e sveeeenne e 111
Irena Kaspar- Ott (1), Elke Hertig (1), Felix Pollinger (2), Christoph Ring (2), Heiko Paeth (2), Jucundus
Yol ] oY=l ) USRS UR SR 111
CLIMATE CHANGE, THE PARIS AGREEMENT THRESHOLDS AND MEDITERRANEAN ECOSYSTEMS......... 112
Joel Guiot (1,3), Wolfgang Cramer (2,3) .. ccieee e eitee ettt e e ertee e s rte e e e s satee e e e ate e e e s rtae e e entaeeeeneeas 112
CLIMATE CHANGE IMPACTS ON THE YIELD OF DURUM WHEAT IN THE REGION OF EASTERN
MEDITERRANEAN AND IVIIDDLE EAST ...ttt eeeeeetieee e e e eee e e e e e e e e eaataaaeeeeeesassannneeeeeseessnnnnnanaaens 113
Katiana Constantinidou (1), Panos Hadjinicolaou (1), George Zittis (1), Jos Lelieveld (1,2).................. 113
MULTIDECADAL VARIABILITY OF THE SUMMER LENGTH IN EUROPE............cccoeeeiiieiieeiee e 114
Cristina Pena Ortiz (1), David Barriopedro (3), Ricardo Garcia-Herrera (2), Francisco De Paula Gomez-
L] P Yo Lo XN (1 ) IO RSP SU 114
IMPACT OF CLIMATE CHANGE ON AGRICULTURAL PRODUCTION IN ALGERIA.........cciieeiirirrriicieee e 115
Lazreg Benaichata Benaichata (1) ..occceeeeeciiee ettt et e e s ee e e st e e e e ate e e e s nbae e e nres 115
IMPACTS OF CLIMATE CHANGE ON THE CLIMATE EXTREMES OF THE MIDDLE EAST .........c..cccveeeneens 116
Mustafa Tufan Turp (1,2), Nazan An (1,2), Kamil Collu (2,3), Tugba Ozturk (2,4), Mehmet Levent Kurnaz
(2,5) e ettt ettt e e e et e e e e e e e ee e e eeeeeeeeee et et ee e ee e ee e e e e eeeseeeean 116
INVESTIGATION OF HIGH-RESOLUTION CLIMATE PROJECTIONS OVER TURKEY AND ITS SURROUNDING
REGIONS USING REGCIMA.4 ...t e e e e ettt ee e e e e e e e ettt e e e e e e e saaataa e eeeeesastannneseeesesssnnnnneeaaans 117
Mustafa Tufan Turp (1,2), Tugba Ozturk (2,3), Murat Tiirke (2), Mehmet Levent Kurnaz (2,4) ........... 117
FUTURE HEAVY PRECIPITATION EVENTS IN THE MEDITERRANEAN AREA UNDER CONSIDERATION OF
TEMPORAL VARYING PREDICTOR-PREDICTAND-RELATIONSHIPS ...t 118
Christian Merkenschlager (1), Elke Hertig (1), Jucundus Jacobeit (1) .....ccceeeuieeeeiiieeeciiiee e, 118
FUTURE MARINE STORMINESS IN THE MEDITERRANEAN SEA: ENSEMBLES OF MULTI-MODEL AND
MULTI-SCENARIO PROJECTIONS ...ttt ciee et e eteeeeteeeetveesteeestteesbeeetaeessbesensseesasessnsasesnsesessseenns 119
Piero Lionello (1,2), Dario Conte (2), Luigi Marzo (1) ....ccccveeeeeeiiee ettt e e iree e e e e 119
SPAGETTA: A NEW MULTI-SITE WEATHER GENERATOR FOR USE IN PRESENT AND FUTURE CLIMATE
(000 1)\ 0] [0\ 120
Martin DUBIOVSKY (1,2) . cciiee ettt et e et e e e e ata e e e s eatee e e eataeessnteeeeentaeessnntaeeeennees 120
EVALUATION OF FUTURE BLACK SEA RIVER INFLOW USING HYDROLOGICAL MODEL DATA AND
ARTIFICIAL NEURAL NETWORKS. ...ttt eeetttiiee e e e e e eeetteee e e e e e eesabaaeeeeeesasesannnseeeeasssssanneeeeesssssnnn 121
Stamatis Petalas (1), Elina Tragou (1), Vassilis Zervakis (1) .....ccceecveeerrreesiieeireeeieeecreesreeesieeesveeesnneens 121
CLIMATE CHANGE PROJECTIONS FOR THE MEDITERRANEAN REGION BASED ON WRF SIMULATIONS
OVER THE MENA-CORDEX DOMALIN ...ttt eeeetiieee e e e e ettt e e e e e e s eeetaa e e e e e eeesassanaaaeeeeeseessnnnnseeaaens 122



CONTENTS

George Zittis (1), Panos Hadjinicolaou (1), Jos LelieVeld (1,2)...ccccuiieeeiiiieeeiiiee e e 122
STREAMFLOW PROJECTIONS FOR THE GUADALQUIVIR BASIN USING A COUPLED HYDRO-CLIMATE
IMIODELLING .......cceutiiiiiieiee ettt ete e et e e te e et e e et e e e beeeetbeeeebeeeesbeeeabeseasbeesabaeesesesntaseasseesasesensasasnsesensseanns 123

Matilde GarcA-a-valdecasas-ojeda (1), Sebastiano De Franciscis (1), Sonia Raquel GAjmiz-fortis (1),

Yolanda Castro-dA-ez (1), MarA-a JesA2s ESteban-parra (1) ....c.cceeveeeeeeeeeeeeeeeeeeeieeseeeeeseeeeeeeeeeesneas 123
ASSESSING THE EFFECTS OF CLIMATE CHANGE IN FUTURE DROUGHTS EPISODES OVER SPAIN USING
R L LS 124

Matidle GarcA-a-valdecasas-ojeda (1), Sebastiano De Franciscis (1), Sonia Raquel GAjmiz-fortis (1),

Yolanda Castro-dA-ez (1), MarA-a JesA2s ESteban-parra (1) ....ccceeveeeeeeeeeeeeieeeeeeseeseeseeeeeeeeeeesneas 124
FUTURE EVOLUTION OF THE MEDITERRANEAN SEA HEAT WAVES: REGIONAL CLIMATE SYSTEM
7 2 o 210 71X of - U 125

Sofia Darmaraki (1), Samuel Somot (2), Florence Sevault (3), Pierre Nabat (4).....ccccceeeeeeivveeeeeeeieicnnns 125
CHANGES IN TEMPERATURE EXTREMES IN HIGH RESOLUTION SIMULATIONS OF COSMO-CLM DRIVEN
BY MPI-ESM2 UNDER RCP8.5 SCENARIOS OVER THE WESTERN PART TURKEY ..........cccoeviiiririiiiieieeees 126

Cemre Yuruk (1), YUrdanur UNal (L) c..eeeceee oottt e see e te e st e e eae e sate e esaseesasaesnsaeesnseesnnnaenns 126
IMPACTS OF SEA-LEVEL RISE AND BENEFITS OF COASTAL ADAPTATION IN THE MEDITERRANEAN: AN
APPLICATION OF DIVA ...ttt ettt e et e ettt e e e te e e etee e e abeesbaeesabeesabeeeesaeesatesetseesabaesnteeesnreesnseean 127

Athanasios Thomas Vafeidis (1), Claudia Wolff (1), Daniel Lincke (2), Sally Brown (3), Pierro Lionello (4),

JOCREN HINKEI (2) ceeeeeeiiteeee ettt e e et e e e e e e e estbba e e e e e e eeessaraaaeeeeeeeesssrsaaeeeeseeanssrraeeens 127
FUTURE PROJECTIONS OF EXTREME PRECIPITATION OVER MEDITERRANEAN ............ccooeevvvrevreeenieens 128

Panagiotis T. Nastos (1), John Kapsomenakis (2), Christos S. Zerefos (1,2,3) .ccccceeevvveeeecieeececreee e 128
GREENHOUSE EFFECT ON UPPER AIR TEMPERATURE OVER THE MEDITERRANEAN. PRESENT AND
FUTURE TRENDS AND VARIABILITY ..ottt ettt steeeetteesveeestaeestesensseesabessnsasesasasensseenns 129

Konstantinos M. Philandras (1), Panagiotis T. Nastos (2), John Kapsomenakis (1), Christos C. Repapis

(2,3), ChristoS S. ZEIefOS (1,3,4) uueieeeeiiee e ettt ettt e et e e eette e e e e tae e e eetaeeeeebaeeeseabaeeeeebaeaeeessseeananes 129
PRECIPITATION CHANGES AND ATMOSPHERIC CIRCULATION OVER THE MEDITERRANEAN................ 130

John Kapsomenakis (1), Panagiotis T. Nastos (2), Christos S. Zerefos (1,2,3) .ccccceeeeviveeencieeeeecieee e, 130
AMOSPHERIC RIVERS IN THE IBERIAN PENINSULA: FROM MOISTURE SOURCES TO IMPACTS AND
FUTURE CLIMATE SCENARIQS ...ttt e ettt e e e e e e ee ettt ae e e e e e esaaataa e eeeeesassannnaeeeesssssnnnananaaans 131

Alexandre M. Ramos (1), Ricardo M. Trigo (1), Ricardo TomA®© (1), Margarida L.r Liberato (1,2), David

Lavers (3), Raquel Nieto (4), LUiS GIMENO (4) ..c.ueieeiciieeeceieee ettt eeee e ertee e etee e e e saae e e e e eatae e s s ntae e e eneeas 131

SESSION 5 ..ot 132
CLIMATE AND SOCIETY IN THE MEDITERRANEAN REGION ..........oooiviiiiiieiie ettt e e 132
CONVENERS: ..ottt ree e e e e e ettt reeeeeeeeeta b e eeeeeseetasnnasaeeeessssnnnnasaeesssesssnnnsseeessssssnnnnseseesesesnnn 132
JOHN HALDON, DOMINIK FLEITMANN, VANGELIS PAPATHANASSIOU .........cooviiiiiiieeeeiiccee et 132

CRITICAL LIMITS TO ENVIRONMENTAL CHANGE FOR THE MEDITERRANEAN REGION - A
MULTIDISCIPLINARY IMPACTS PERSPECTIVE..........coocoiiiiiiiiiiiiiicinic e 133



CONTENTS

Wolfgang Cramer (1,3), JOEI GUIOT (2,3) c.uuieiiiiiiieeeiiiee ettt ettt ettt ettt e e et e e e et e e e e e areeeeenreeeeenreas 133
WHO BENEFITS ON RESILIENCE AND WHO PAYS FOR IT? LESSONS FROM BYZANTIUM .............cccuu.. 134
JiYe T et W Ao L] o Y S () USSR 134
EXTREME TEMPERATURE, PRECIPITATION AND SEA LEVEL EVENTS OVER ALEXANDRIA REGION (EGYPT)
DURING 1974-2011 ........o oottt ettt e e s e e e e et te e e e e e e e te e bbb e s seeeeaaaesaaaeeeaesaesssansseeesensssnnneesaens 135
Mohamed Ahmed Said (1), Ahmed Abdel-meneim Radwan (1), Tarek Mohamed El-gizairy (1).......... 135
IMPACT OF CLIMATE CHANGE ON WATER, NITROGEN AND PHOSPHORUS BUDGETS OF LAKE
MANZALAH, NILE DELTA (EGYPT ) oottt e e e tte e e et e e e e eabte e e e aat e e e e nsteeeeannteeeeensreeeeennreas 136
FY LT o] o T S Y- o [ VA (1 TSRS 136
ARIDITY AND SOCIETAL CHANGE: A LONG-TERM PERSPECTIVE ON HUMAN-ENVIRONMENT
INTERACTION IN THE LATE BRONZE AGE OF THE PELOPONNESE, GREECE (1700-1050 BCE)................. 137
Erika Weiberg (1), Martin FINNAG (1) c...ocveuieeeeiieeeiceeeieeeeeeeeeeeee ettt st st snens 137
CLIMATE CHANGE AND THE DEMISE OF MINOAN CIVILIZATION.........cooiiiiiiiee et 138
ANASTASIOS A TSONIS (1) vereeeeeiiiiiirreeeeeeeiiiiirrreeeeeeeseeitrrreeeeeeetestsrareeeeeesesatsraseeasesesassssraseeeeeeesasrrreseeeeenans 138
CLIMATE CHANGE IMPACTS ON THE HUMAN HEALTH IN THE MEDITERRANEAN BASIN a€“ CURRENT
KNOWLEDGE AND PROJECTED SCENARIOS ........ccoooiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeseesesseseseessesasessssneesesessesennne 139
Y 011 T 222 (1 USRS 139
ANALYSIS OF THE EFFECT OF SOIL ANTHROPIZATION ON AIR TEMPERATURE IN THE MEDITERRANEAN
AREA BASED ON NIGHTLIGHTS DATA ..o s s nnnnnnn 140
Roberta Paranunzio (1), Francesco Laio (1) ...cccceiieiiiiee ettt ettt e e e aree e e e arae e e 140
EXPLORING AGRICULTURAL PRACTICES FOR MITIGATION AND ADAPTATION TO CLIMATE CHANGE IN
MEDITERRANEAN COUNTRIES..........ccoottiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeseeeeeeseeesseeeseesaeeeaeeesreeeeeeereearereeeeeereeerearrnrne 141
Ana Iglesias (1), Berta SANCNEZ (2)....uueeeicuiiieeiiie ettt e et e et e e e sare e e e e bt e e e e e abeeeeeaareeaeenreas 141
BIOMARKERS REVEALING NATURAL AND ANTHROPOGENIC DESTABILISATION OF SOILS IN THE OHRID
BASIN (ALBANIA, MACEDONIA) .....cocuviiiiiiieieenieeseesteeteesteesteesteesseesssesssessseeseesseesssesssssnsesssesssesssesssessnns 142
Jens Holtvoeth (1,2), Harriet Copsey (2), Danielle Rushworth (1), Sophie Flack (1), Karina Scurupa
Machado (1,3), Richard Pancost (2), Bernd Wagner (4), George WOolff (1).....ccccceeeeeereieciieececiieeeeee, 142
REGIONALIZED SHARED SOCIOECONOMIC PATHWAYS FOR COASTAL IMPACT ASSESSMENT IN THE
IMEDITERRANEAN. ...ttt e ettt e s e s e e et teb e s s s e e e teebaaa s seseeatassaaasssseeesaessnnnnssesesensssnnnnsesaen 143
Lena Reimann (1), Jan Ludolf Merkens (1), Athanasios T. Vafeidis (1) ....cccccceevieeieiiiieeieciiee e, 143
HISTORICAL CLIMATE VARIABILITY AND IMPACTS ON WATER RESOURCES MANAGEMENT: THE CASE OF
MARSEILLE IN THE 18TH AND 19TH CENTURIES (SOUTHEASTERN FRANCE) ..........cccceiviiiieiiieciee e, 144
N ITele] T Y YU =4 o F= 1o T ) USSR 144

SACOLEVE PROGRAM: SPATIAL AND TEMPORAL ADAPTATION OF A TRADITIONAL MEDITERRANEAN
FISHERY FACING REGIONAL CHANGE: COMBINING HISTORY AND ECOLOGY TO STUDY PAST, PRESENT
AND FUTURE OF SPONGE HARVESTING. .........cciiiiiiiiiiiiiieiiiiie ettt e s e e s e e 145

MaA~a Fourt (1), Thierry PA©rez (1), Daniel FABEt (2) ....ccvvviieeeieeiieeeeeeeeeeeee e 145



CONTENTS

THE CLIMATE OF SURVIVAL? SOME REMARKS ON ENVIRONMENT, CLIMATE AND SOCIETY IN

BYZANTINE ANATOLIA, CA. 600-1050 ..........ccceiiiiieiiiieiieeeitieeereeeeteeeereesireeestaeesseeessseessesesssessesessseenns 146
o) aTa T 2 5 =1 e Lo T o TN 0 ) SRRSO 146
MEDIEVAL LANDSCAPES OF POWER: MICRO-BOTANICAL PERSPECTIVES FROM MAMLUK
TRANSJORDAN. ...ttt ettt ctee ettt e et e ettt eesteeebeeestaeesateeeasseesabeeabaeeasteeaassseasseeansaeeasseseseeensseesnseeensseenases 147
NYo] o o F= I - o F= T [ [T IS 147
NEW SPELEOTHEM RECORDS OF CLIMATIC FLUCTUATIONS DURING THE BRONZE AGE/IRON AGE
TRANSITION IN THE EASTERN MEDITERRANEAN ...t e e e et e e e eae e e e eana s 148
Dominik Fleitmann (1,2), Hai Cheng (3,4), Aleksey Sadekov (5), Lawrence Edwards (4), Ozan Mert
GOKEUrK (6), OKAN TUYSUZ (7) cvveeeeerreieeeiieeeeeiteeeeeitteeeeeetteeeeestteeeeesseeeseasaeeesssseessssaeessssessesassseessnsssneenn 148
RECONSTRUCTING PAST CLIMATE HISTORY IN PROVENCE AND CATALONIA SINCE THE LATE MIDDLE
AGES: CONTEXTS, CROSS-REGIONAL COMPARISON OF SOURCES AND EXPECTED OUTCOMES. ........... 149
Nicolas Maughan (1), Mariano Barriendos (2), Georges Pichard (3), Kevin Pometti (4)........ccceeeenneen. 149
HEAT STRESS AND SUMMER HOLIDAYS IN THE MEDITERRANEAN. GOOGLE TRENDS ON DECISION
MAKING BY UTILIZING THE BIG DATA TOOL....... oot et e e et e e e et e e e et e e e eanae e e aaanneaeees 150
loannis Charalampopoulos (1), Panagiotis NastOs (2).....cccceeeeerierriiiiieeeiiiieeeeccieeeeesiee e e erivee e e ssree e e 150
HIGH AND DRY: EPILITHIC ALGAE IN THE UPPER ZONE OF LITTORAL CAVES ..........cccoeeeivieerireeree e, 151
Danielle Mayer (1), David lluz (1), Zvy DUBINSKY (1) ...eeeiiiiiieeiiiiee e 151

-14 -



PREFACE

PREFACE

According to WMO, the year 2015 was a historic year of weather with broken temperature records on both
land and sea since pre-industrial era, while the future climate is getting hotter, drier and wetter. More
specifically, the regional climate is of high concern having a major impact on societies and economies. Thus,
multidisciplinary research on climate will help policy makers to adopt measures focusing on adaptation to
the changing climate towards a resilient society. This is particularly required in the Mediterranean region, a
hot spot for climate-related issues, where vulnerability of society and environment is a key factor that
determines a growing set of questions and demands posed by citizens and politicians to scientists. Criticalities
are due to both socioeconomic factors and climate, with climate variability and change acting as new source
of problems that can trigger very negative scenarios.

Since 2003, when MedCLIVAR (www.medclivar.eu) was first proposed at the 2003 European Geophysical
Society assembly in Nice, this network has become an independent platform for scientific discussion, the
exchange of information and the coordination of activities across scientific groups around the
Mediterranean. MedCLIVAR has been endorsed by CLIVAR in 2005 and in 2006 approved by ESF, which
launched it as a Scientific Network Programme under the support of funding agencies in 12 countries.
Editorial outputs of MedCLIVAR includes 7 special issues and three books, which review the state of the art
in Mediterranean climate research: “Mediterranean Climate Variability”, published at the beginning of the
project, “The Climate of the Mediterranean Region: From the Past to the Future”, published in 2012, and
“Hydrological, Socioeconomic and Ecological Impacts of the North Atlantic Oscillation in the Mediterranean
Region” published in 2011.

This MedCLIVAR 2016 conference “Learning from the past, perceiving the present, engaging for the future”
is the fourth of a series of events that were previously held in Lecce (2011), Madrid (2012) and Ankara (2014).
It has been organized to offer a forum for dissemination and discussion of recent progress in research on the
climate of the region surrounding the Mediterranean Sea. The objective is to promote exchange of
information between, on the one hand, climatologists, and on the other hand, hydrologists, ecologists, social
scientists, human health experts, economists and agronomists. Indeed, MedCLIVAR serves as a scientific
network to promote better communication among different scientific disciplines and to develop a
multidisciplinary vision of the evolution of the Mediterranean climate through studies that integrate
atmospheric, marine, and terrestrial climate components at time scales ranging from paleoreconstructions
to future climate scenarios.

MedCLIVAR 2016 includes 5 sessions:

1. The Mediterranean Regional Climate System. Understanding climate processes, feedbacks and
interactions in the atmosphere, ocean, hydrosphere, biosphere, cryosphere, geosphere, extremes
and hazards under climate change.
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2. Earth Observations and Climate Services in the Mediterranean region. Promoting integrated
observational platforms and synergies with earth system models towards the development of
Climate Services.

3. Past climate evolution of the Mediterranean region including palaeo-reconstructions and
simulations, recovery of long instrumental time series, evidences of climate shifts, trends and
extremes.

4. Assessment of climate change in the Mediterranean region and climate projections with focus on
climate change impacts, options for adaptation and mitigation, decision support systems,
stakeholders’ engagement.

5. Climate and society in the Mediterranean region, considering multidisciplinary climate-
environment-human societal systems, feedbacks and interactions, environmental pressures and
responses, lessons for the future.

The steering committee thanks the National and Kapodistrian University of Athens (NKUA) for its support
and hospitality in the historical building (PROPYLAEA), the co-organizers National Observatory of Athens
(NOA), Mariolopoulos Kanaginis Foundation for Environmental Research, Hellenic Centre for Marine
Research (HCMR), the sponsor organizations European Geosciences Union (EGU), Hellenic Meteorological
Society (HMS), University of Salento, ScientAct S.A. for their support, the organizing committee, the support
committee and the conference secretariat for their work, the conveners for the conference organization, the
scientific committee for advice and suggestions.

Panagiotis Nastos and Piero Lionello

on behalf of the conference Scientific and Organizing Committee
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NEW PERSPECTIVES ON MEDITERRANEAN CLIMATE VARIABILITY.

Vincenzo Artale (1)

(1) Enea Rome (Italy)

Contact: vincenzo.artale@enea.it

The global surface temperature increase has slowed over the past 16 years, but the ocean heat
uptake is observed to penetrate deep into the Atlantic Oceans during this recent hiatus of the
global warming. The North Atlantic and Mediterranean Sea have to be seen as a unique system,
therefore the North Atlantic variability has allegedly an impact on the Mediterranean basin. For to
understand the impact of the today climate variability, like hiatus, is relevant to tracking the ocean
heat uptake at different levels in the Mediterranean Sea, but before to do this, is necessary to
conceive their impact on key mechanisms that are at the base of its own variability. The
Mediterranean Sea is a marginal sea with peculiar characteristics where the more relevant aspect
is the role of the straits that functioning not only as valves of salt or freshwater but have a barrier
role in the transport of momentum and heat and salt between the several sub-basins. More
specifically the Strait of Sicily separates the Mediterranean basin in two main sub-basins eastern
and western respectively with intrinsic different oceanographic and climate characteristics. During
this talk will be discussed in the broad perspective for the climate change of the Mediterranean
Sea the recent numerical results and observations that having highlighted how are different the
mechanisms that drive the main circulation of the eastern and western ocean circulation.
Underlining for example the role of mixing in the abyssal circulation of the lonian basin and
modelling results showing that the meridional overturning circulation of the Eastern
Mediterranean has multiple equilibria states and hysteresis behaviour of deep-water formation
under present day-like conditions. Moreover, the water exchange between the Aegean and the
Adriatic Seas can drastically affects these states in the case in which they were perturbed by
temperature or salinity anomalies, demonstrating some concern about the vulnerability of the
Mediterranean basin under specific condition of temperature and salinity anomalies generated by
the climate change of the global ocean and more specifically of the Mediterranean Sea-North
Atlantic ocean system.
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GLOBAL ASSESSMENT OF HEAT WAVE MAGNITUDES FROM 1901 TO 2010 AND POSSIE
IMPLICATIONS FOR THERRDIECHARGE OF THE ALPS.

Matteo Zampieri (1,2,3), Simone Russo (3), Silvana Di Sabatino (1), Melania Michetti (2), Enrico
Scoccimarro (2,4), Silvio Gualdi (2,4)

(1) University Of Bologna Bologna (Italy) (2) Cmcc Bologna (Italy) (3) Joint Research Center Ispra
(Italy) (4) Ingv Bologna (ltaly)

Contact: matteo.v.zampieri@gmail.com

Heat waves represent one of the most significant climatic stressors for ecosystems, economies
and societies. A main topic of debate is whether they have increased or not in intensity and/or
their duration due to the observed climate change. Firstly, this is because of the lack of reliable
long-term daily temperature data at the global scale; secondly, because of the intermittent nature
of such phenomena. Long datasets are required to produce a reliable and meaningful assessment.
In this study, we provide a global estimate of heat wave magnitudes based on the three most
appropriate data sets currently available, derived from models and observations (i.e. the 20th
Century Reanalyses from NOAA and ECMWF), spanning the last century and before. The
magnitude of the heat waves is calculated by means of the Heat Wave Magnitude Index daily
(HWMId), taking into account both duration and amplitude. We compare the magnitude of the
most severe heat waves occurred across different regions of the world and we discuss the decadal
variability of the larger events since the 1850s. We concentrate our analysis from 1901 onwards,
where all datasets overlap. Our results agree with other studies focusing on heat waves that have
occurred in the recent decades, which show a significant increase in the area affected by heat
waves compared to the earlier periods of the 20th Century. Finally, we discuss the specific
implications of the heat waves on the river runoff generated in the Alps, for which comparatively
long datasets exist, affecting the water quality and availability in a significant portion of the
European region.
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ANALYSIS OF TEMPERATURE EXTREME INDICES AT NORTHERN COAST OF EGYPT

Gamil Gamal Abd-Elotey (1)

(1) Institute Of African Research, Cairo University Giza (Egypt)

Contact: gamil.gamal@cu.edu.eg

The aim of this work to analyze variations and trend of the extreme temperature indices. We
conducted analysis for four stations located in the Mediterranean Northern Coast of Egypt which
are (Marsa Matrouh, Alexandria, Port Said and El-Arish), for the period from 1948 to 2015. Ten
indices of maximum and minimum temperatures were calculated, which are summer days (SU30),
tropical nights (TR20), warm and cold days, warm and cold nights, daily temperature range, also
daily mean of mean, minimum and maximum temperatures were calculated. This long period
divided into two short periods (1948-1988) and (1989-2015).The results show that there is a
significant difference between two periods and the second (1989-2015) has a significant increase
in SU30, TR20, warm days and nights, also there is a significant decrease in trend of cold days and
nights for all four stations. The results of this work can be tailored to meet the needs of specific
sectors in Egypt such as health and agriculture to better inform decision making process.
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LONGTERM SUNSHINE DURATION-A®5 AND DOWNWARD SURFACE SOLAR
RADIATION (192®13) TRENDS FOR ITALY FREONMRUIMENTAL TIME SERIES

Veronica Manara (1), Michele Brunetti (2), Maurizio Maugeri (1,2), Arturo Sdoren (3),
Martin Wild (4)

(1) Department Of Physics, UniversitA Degli Studi Di Milano Milano (Italy) (2) Institute Of
Atmospheric Sciences And Climate, Cnr Bologna (Italy) (3) Instituto Pirenaico De Ecologia, Consejo
Superior De Investigaciones Cientificas (ipe-csic) Zaragoza (Spain) (4) Eth ZA%rich, Institute For
Atmospheric And Climate Science ZA%rich (Switzerland)

Contact: veronica.manara@unimi.it

A dataset of 104 Italian sunshine duration (SD) and 54 surface solar radiation (SSR) records has
been set up collecting data from different sources. The records have been quality checked,
homogenized and completed by means of the neighboring records. Specifically, the records
required an extensive homogenization procedure in order to eliminate non-climatic signals (e.g.,
caused by instrument changes, recalibrations and changes in the conditions of the corresponding
meteorological station). Finally, the records have been gridded and averaged in order to get SD
and SSR records for North and South Italy for the 1936-2013 and 1959-2013 periods, respectively.
In this work, we present the main signals in SD and SSR records in order to understand which part
of the SD/SSR variability depends on aerosols or clouds. Specifically, SD records show an increasing
tendency starting in the 1980s (i.e. brightening period) and a decreasing tendency (i.e., global
dimming) from the 1950s to the 1980s. Between the 1930s and the 1950s there is some evidence
of an increasing tendency (i.e. early brightening) although it concerns a period in which data
availability is very low, causing a greater uncertainty in regional records. A comparison with total
cloud cover (TCC) records shows a positive correlation during the dimming period suggesting that
there is an important fraction of SD evolution that cannot be explained by TCC. This could depend
on other factors as, for example, changes in aerosol optical thickness and water vapor content.
Decadal variations of SSR are in line with the trends observed for SD, although there are
differences in the magnitude of the trends (e.g., stronger dimming in SSR as compared to SD). In
addition, SSR series under clear-sky conditions were obtained considering only the cloudless days
from corresponding ground-based TCC observations. The clear-sky records present stronger
tendencies than the all-sky records during the dimming period in all seasons and during the
brightening period in winter and autumn. This suggests that under all-sky the variations caused by
the increase/decrease of the aerosol content have been partially masked by cloud cover
variations, especially during the dimming period. Under clear-sky the observed dimming is
stronger in the South than in the North. This peculiarity could be a consequence of a significant
contribution of mineral dust variations to the SSR variability.
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MEDITERRANEAN EXTREME PRECIPITATIONMOBMEBEL ASSESSMENT

Leone Cavicchia (1), Enrico Scoccimarro (1,2),&ualdi (1,2), Paola Marson (11), Bodo Ahrens
(3),Ségolenderthou (5), Dario Conte (1), Alessandro Dell'aquila (6), Philippe Drobinski (5), Vladimir
Djurdjevic (7), Clotilde Dubois (8), Clemente Gallardo (9), Laurent Li (5), Paolo Oddo (4), Antonella
Sama (1), Csaba Torma (10)

(1) Cmcc Bologna (Italy) (2) Ingv Bologna (ltaly) (3) Institute For Atmospheric And Environmental
Sciences, Goethe University Frankfurt Am Main (Germany) (4) Centre For Maritime Research And
Experi- 14 Mentation Sto Nato (cmre) La Spezia (Italy) (5) Ipsl/laboratoire De Meteorologie
Dynamique Palaiseau (France) (6) Enea Rome (ltaly) (7) Institute Of Meteorology, University Of
Belgrade Belgrade (Serbia And Montenegro) (8) MelEtelEo France Toulouse (France) (9)
Universidad De Castilla-la Mancha Toledo (Spain) (10) Ictp Trieste (Italy) (11) Ca' Foscari University
Venice (ltaly)

Contact: leone.cavicchia@cmcc.it

Exploiting the added value of the ensemble of high-resolution model simulations provided by the
Med-CORDEX coordinated initiative, an assessment of Mediterranean extreme precipitation as
represented in different observational, reanalysis and modelling datasets is presented. A spatio-
temporal characterisation of the long-term statistics of extreme precipitation is performed, using a
number of different diagnostic indices. Employing a novel approach based on the timing of
extreme precipitation, a number of physically consistent subregions are defined. Extreme
precipitation diagnostics over the Mediterranean domain and physically homogeneous sub-
domains are discussed, focussing on the impact of different model configurations (resolution,
coupling and physical parameterisations) on the performance in reproducing observed
precipitation. It is found that the agreement between the observed and modelled long-term
statistics of extreme precipitation is more sensitive to the model convective parameterisation than
to resolution or coupling.
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THE 613 SEPTEMBER EXTREME DUST DOWNFALL OVER THE EAST MEBITERRANEAN
CEILOMETER STUDY

Pinhas Alpern(1), Smadar Egert (1), Leenes Uzan (1)

(1) Tel Aviv University Tel Aviv (Israel) (2) Tel Aviv University Tel Aviv (Israel) (3) Tel Aviv University
Tel Aviv (Israel)

Contact: pinhas@post.tau.ac.il

On 7 Sep 2015 an unprecedented huge dust plume approached the SE Mediterranean basin from
the northeast. According to the Israeli meteorological service it is the first time in 75 years of
measurements, that a dust storm reaches Israel early September, lasts several days and dust
concentrations reach values 100 times the normal (1700Apg/m3). Dust storms are normally
monitored in the east Mediterranean using satellites and surface PM data. Obviously, these
cannot show the vertical evolution of the dust including penetration, sinking and cleaning since
vertical profiles are not available. High-resolution, micro Lidar Ceilometer network is gradually
established in Israel. A few instruments of this network were already operational during the dust
storm. The most crucial vertical information, monitored by these Ceilometers with 10m resolution
vertically, every 16s, is analyzed. The instruments are available both inland and on the sea shore.
The difference in the layer cloud topping enabled us to investigate the high altitude of 1000m dust
penetration, its sinking into the complex structured 250-500m mixed layer, the gradual 3D
cleaning. This finding contradicts the conventional understanding that cleaning is due to gradual
descend and shows not only the vertical fluctuation during the entire event but also the vertical
rise to 2000m at the end of the event. The vertical information showed that the actual event
period duration was 7 days, compared to only 90 hours based on traditional detectors.
Measurements from the various sites its similarities and variability will be presented and
discussed.
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EVALUATING THE ROLE OF RCM MODEL CONFIGURATION IN DETERMINING THE RESL
SIMULATION OF EXTREME PRECIPITATION IN THE MEDITERRANEAN REGION

Simon Krichak (2,), Pinhas Alpert (2), Gamshtein (3), Edoardo Bucchignani (1), Paola
Mercogliano (1)

(1) Cmcc Euro-Bimediterranean Center On Climate Change Capua (Italy) (2) Tel Aviv University Tel
Aviv (Israel) (3) Israel Meteorological Service Bet Dagan (lIsrael)

Contact: shimonk@post.tau.ac.il

A regional climate model COSMO-CLM is employed for performing an estimation of the role of the
model configuration parameters in the reproducing extreme precipitation climate events over the
Mediterranean region. The investigation included the two sets of RCM simulations driven by the
ERA Interim reanalysis data. The first set has been performed for 1979-2011 with the CORDEX-
MENA domain using horizontal resolution of 50 km, 25 km and 8 km (nesting over the Israeli sub-
region). In the second set of the simulations the COSMO-CLM model with 50 km horizontal was
adopted for the downscaling the reanalysis data for a 6 year time period 1989-1994 using two
CORDEX domains (Med-CORDEX and CORDEX-MENA). The use of the time period has been
motivated by a notable number of cold season heavy precipitation events during the period.
Results of the simulations are evaluated against the observational data available. Evaluation
reveals a good capability of the model in reproducing the main climate features of the area, thanks
to the high resolution and to the optimized model configuration. Increase of resolution allows a
notable reduction of precipitation bias. The analysis demonstrates however the existence of a
number of deficiencies of the CCLM representation of seasonal scale climate conditions in the
region. The RCM results produced with the CORDEX-MENA domain appear to be more accurately
reproducing extreme precipitation events especially in the eastern part of the Mediterranean. The
result may be interpreted as an another proof of the importance of a better representation of
tropical moisture transports over the eastern Atlantic region for the regional climate modeling of
the cold season extreme precipitation events in the Mediterranean.
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A MULHTRACKING METHOD CLIMATOLOGY OF CYCLONES CROSSING THE MEDITERR
REGIN

Piero Lionello (1,11), Isabel F. Trigo (2), Victoria Gil (3), Margarida L. Liberato (4), Katrin M. Nissen
(5), Joaquim G. Pinto (6,7), Christoph C. Raible (8), Marco Reale (9), Annalisa Tanzarella (10),
Ricardo M. Trigo (3), Sven Ulbrich (7), Uwe Wli§bic

(1) Ipma, Instituto PortuguA2s Do Mar E Da Atmosfera Lisbon (Portugal) (2) Escola De CiA2ncias E
Tecnologia. Utad Vila-real (Portugal) (3) Disteba, Univ. Of Salento Lecce (Italy) (4) Idl, University Of
Lisbon Lisbon (Portugal) (5) Institute Fuer Meteorologie, Freie UniversitAxt Berlin Berlin (Germany)
(6) Department Of Meteorology, University Of Reading Reading (United Kingdom) (7) Institute For
Geophysics And Meteorology, University Of Col Cologne (Germany) (8) Climate And Environmental
Physics And Oeschger Center For Climate Change Research Bern (Switzerland) (9) Ogs,
Osservatorio Geofisico Sperime Trieste (Italy) (10) Arpa, Agenzia Regional Per La Proyezione
Dell'ambiente Taranto (Italy) (11) Cmcc, Euro Mediterranean Center On Climate Change Lecce

(Italy)

Contact: piero.lionello@unisalento.it

This study describes the climatological features of cyclones in the Mediterranean region and the
level of consensus among 14 different cyclone detection and tracking methods, by applying them
to the ERA-Interim dataset for the period 1979-2008. Substantial consensus on the interpretation
of results regarding location, annual cycle and trends of cyclone tracks is found in spite of large
differences in actual cyclone numbers among different methods. The main cyclogenetic areas
(north-western Mediterranean, North Africa, north shore of the Levantine basin) and their
seasonality are similar for most methods, which also agree that most of cyclones crossing the MR
are generated inside the region, with the NW and NE sectors accounting for the largest share of
cyclogeneses. The number of cyclones in the MR has a maximum in April and a flat minimum from
June to October. However, this overall behaviour results from an annual cycle with slightly
different phases in the four NW, NE, SW, and SE, which present two annual maxima, with the
exception of SE. Significant negative trends in spring and positive trends in summer, whose
contrasting effects compensate each other at annual scale, are detected in the 1979-2008 period.
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LOCAL AND EXTERNAL FACTORS DETERMINING INTERANNUAL SEA LEVEL VARIBILITY
ADRIATIC AND BLACK SEAS IN THE 20TH CENTURY: COMPARISON AND CRITICALITIES

Luca Scarascia (2), Piero Lionello (1,2)

(1) Unisalento Lecce (Italy) (2) Cmcc Lecce (ltaly)

Contact: piero.lionello@unisalento.it

The Adriatic and the Black Seas are two semi-enclosed seas both connected to the Mediterranean
sea by the Otranto strait and the very narrow Bosphorus strait respectively. The purpose of this
work is to investigate the main sources of sea level variability during the 20th century and the
eventual presence of a common forcing acting on both the basins depending by dynamical
mechanism active in the Mediterranean Sea. A seamless sea level time series is constructed using
7 tide gauge records from stations located along the Adriatic coast and 5 from the Black Sea coast
from 1900 to 2009. Data have been collected and provided by PSMSL. The reconstruction
procedure is carried out by a statistical tool based on PCA and Least Square Method. Satellite sea
level anomaly data confirm that sea level time series reconstructed from coastal stations are
reliable representation of the Adriatic and Black Sea level (correlations are 0.87 and 0.72
respectively). The sea level has been decomposed in various components in order to investigate
the role of the factors responsible for its interannual variability. The sea level annual cycle has
been compared with the annual cycle of the inverse barometer component, the effect of the wind
and the steric component. For the Adriatic sea the major role is played by wind, the inverse
barometer effect plays a minor role whilst steric effect results to be quite negligible. On the
contrary, for the Black Sea, the main contribution to interannual variability is due to the Danube
river, which is estimated from the available discharge data of Sulina (one of the exits of the
Danube delta). Inverse barometer and steric effect play both a minor role. A linear regression
model in which a SLP gradient, identified after a correlation analysis, is used as predictor, is
capable to explain a further percentage (about 20-25%) of variability of the sea level after
subtracting all the factors considered above. Finally, residual sea levels show a positive correlation
(0.42 about) revealing the likely action of a common boundary forcing associated to the mass
exchange with Mediterranean sea. Anyway the present analysis is still unable to explain a non-
negligible fraction of interannual variability of sea level, in particular for Black Sea. This is likely to
a substantial extent due to uncertainties of hydrographic data caused by their irregular
distribution in space and time and on the lack of regular records of past river discharge. This study
is part of the activities of RISES-AM project (FP7-EU-603396).
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STATISTICAL DOWNSCALING OF EXTREME CLIMATE INDICES HORYBENGHAZI

Gamil Gamal Abd-Elotey (1), Dalal Elbeshary (2)

(1) Institute Of African Research, Cairo University Giza (Egypt) (2) Cairo University Giza (Egypt)

Contact: gamil.gamal@cu.edu.eg

Representative concentration pathway (RCP45) of regional climate model (CRCM) from 2011 to
2041 used to study the future trend of extreme climate indices over Benghazi-Libya. Different
extreme climate indices analyzed such as heat and cold wave, summer days and tropical nights
also drought and flood indices analyzed also. The early results of data show that the temperature
extreme indices has significant trend than precipitation indices may be due to the uncertainty of
model physics and parameterization for precipitation. It is clearly that number of summer days
(SU25) and tropical nights (TR20) has positive significant which mean that every year there is an
increase by one day and night. Also there is a significant decrease in trend of cold days and nights.
For precipitation extreme indices, there are negative trend for annual sum of daily precipitation >=
1 mm (-0.73), annual number of days >=10 mm (-0.02), annual number of days >=20mm (-0.022),
but for annual sum of daily precipitation > 95th percentile (0.041) there is a positive trend, but the
trend of precipitation indices is insignificant as temperature indices.
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IMPACT OF SURFACE WATER TURBIDITY ON THE DYNAMICS OF THE MEDITERRANEAI
AND ITS INTERACTION WITH THE ATMOSPHERE

Vasileios Pefanis (1), Athanasios Nenes (1,2,3,4), ApostoieaMavropoulou (1), Vassilios
Vervatis (1), Sarantis Sofianos (1)

(1) Ocean Physics And Modelling Group, Department Of Physics, University Of Athens Athens
(Greece) (2) School Of Earth And Atmospheric Sciences, Georgia Institute Of Technology Atlanta,
Ga (United States) (3) Institute Of Chemical Engineering Sciences, Foundation For Research And
Technology Patras (Greece) (4) Institute For Environmental Research And Sustainable
Development, National Observatory Of Athens Palea Penteli (Greece)

Contact: vpefanis@oc.phys.uoa.gr

Understanding the role of the ocean and its interactions with the atmosphere is paramount for
guantifying regional climate change. Here we study the impact of surface ocean turbidity on the
characteristics, stratification and circulation of the Mediterranean Sea and their feedback to the
regional air-sea interactions. We use the Princeton Ocean Model (POM) and we examine the
effects of surface water turbidity on mixed layer depth (MLD), sea surface temperature (SST),
buoyancy and associated heat fluxes over the Mediterranean Sea with long-term experiments. The
influence of the vertical irradiance profile is examined by means of the Jerlov optical water type
classification. As a first approximation, and for understanding the processes involved, we perform
multiple model experiments using different optical water types. The results suggest that an
increase in surface water turbidity leads to general cooling of the Mediterranean Sea but with a
slight warming of the top few meters of the water column. This surface warming induces larger
heat losses, as well as an intensified exchange at the Strait of Gibraltar. Considering the two
extreme (clear, very turbid) we find a 0.7A°C mean basin temperature decrease. At the same time
mean heat loss increases by about 5W/m2 while the seasonal variability decreases. Major changes
are also observed in the mixed layer depth (-11m), with turbid water corresponding to shallower
mixed layer and stronger stratification, especially during winter.
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SYNOPTIC EVOLUTION SCENARIOS ASSOCIATED WITH PROLONGED DRY SPELLS IN [

Hadas Saaroni (1), Baruch Ziv (2), Tzvi Harpaz (1,2), Judith Lempert (1)

(1) Tel Aviv University Tel Aviv (Israel) (2) The Open University Of Israel Ra'anana (Israel)

Contact: saaroni@post.tau.ac.il

Prolonged dry spells (PDSs) which last a week or longer, during the rainy season, have been
classified into three types; the 'subtropical’, associated with an expansion of the subtropical high
over most of the Mediterranean. The 'baroclinic', induced by a pronounced stagnant ridge, part of
a Rossby wave, over the Eastern Mediterranean, is characterized by dry lower-level flow and
subsidence. The 'polar', associated with a blocking high over Eastern Europe, which pushes lower-
level dry polar air toward the Levant. The types' identification is based on quantitative indices
developed by Saaroni et al. (2015). The evolution is studied through composite maps of 500-hPa
GPH anomalies, derived for the days preceding the onset of the PDSs and their first days. Prior to
the onset of the 'baroclinic' PDS, meridional regime dominates the Mediterranean and south
Europe, disconnected from the higher-latitudes. During its first days the meridional regime
intensifies, extending toward higher latitudes. Prior to the onset of the 'subtropical' PDS, zonal
pattern covers Europe and the mid-latitudinal part of Asia, but, unexpected meridional pattern is
discerned over the Mediterranean. The zonal pattern expands gradually over the Mediterranean,
extending to the northeast toward central and northern Asia, but from the third day a meridional
pattern starts to dominate the Mediterranean. Prior to the onset of the 'polar' PDS, a blocking high
covers Northwest Europe and expands eastward during the PDS. Maps of cyclone tracks, derived
for days belonging to each type, show distinct distributions; for 'subtropical’ days the European
cyclone track is densely populated with dominantly eastward tracks, and the Mediterranean is
relatively empty of tracks. For 'baroclinic' days, the western and central Mediterranean are rich
with cyclones, the eastern part is nearly empty and fewer tracks appear over Europe compared to
the 'subtropical' days with dominant meridional northward component. During 'polar' days,
minimal tracks appear over Europe and the eastern Mediterranean, whereas the Atlantic is
densely populated, presumably because cyclones are blocked from entering Europe. Our results
indicate a tendency for stagnant upper-level ridges to develop over the Levant during PDSs,
accompanied by lower-level easterly continental flow. The analysis also reveals the dominance of
'baroclinic' PDSs and the tendency of 'subtropical’ and 'polar' types to transform and become
'baroclinic'.
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Dissolved oxygen (DO) concentration is an important oceanic parameter for the functioning of the
marine ecosystem. Physical and biogeochemical processes regulate its distribution and variability.
Climate models predict decrease in oceanic DO and oxygen minimum zones (OMZs) are going to
expand in the following decades as a consequence of climate change.In this study the temporal
and spatial variability of the dissolved oxygen was determined in detail using a quality-controlled
historical database. We focus on the Mediterranean Sea, which, despite the fact that is
characterized as an oligotrophic area, owing to the lack of significant upwelling of the nutrient rich
deep-water mass, it receives a large amount of bioactive trace metals from the atmosphere, which
influence the primary productivity and hence, the variability of oxygen consumption. In order to
investigate the time evolution of the OMZ, we use a DO dataset for the Mediterranean Sea that
covers the period 1960-2014, derived from the National Oceanographic Data Center. To reduce
the influence of spatial variability we also divided the study area into sub-basins. Linear trends
were computed using annual average of dissolved oxygen profiles in different depth layers which
show an oxygen decrease for the last 54 years. Vertical profiles of annual mean of dissolved
oxygen concentration also reveal that the OMZ expands vertically with time, especially in the
recent period 1990-2014.The attribution of the observed variability involves complex physical and
biogeochemical processes and requires advanced analysis as well as observational and modeling
techniques.
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The Eastern Mediterranean Transient (EMT) a€“ a transition and amplification of the Eastern
Mediterranean Sea deep water source from the Adriatic Sea to the Aegean Sea 3€“ was observed
in the mid-904€2 and stimulated intense research. Here we demonstrate, using an oceanic general
circulation model, that the meridional overturning circulation of the Eastern Mediterranean has
multiple equilibria states under present-day-like conditions, and that the water exchange between
the Aegean and the Adriatic Seas can drastically affect these states. More specifically, we found
two stable states and a hysteresis behaviour of deep water formation in the Adriatic Sea when
changing the atmospheric (restoring) temperature over the Aegean Sea. In addition, the
overturning circulation in both seas exhibits large decadal variability of the deep water formation.
The Aegean-Adriatic relationship can be summarized as follows:warm and saline water of the
Aegean can either flow in the sub-surface to the Adriatic, switching 4€ceona€l deep water
formation in the Adriatic by increasing its salinity, or the Aegean water can feed the deeper layer
of the lonian and Levantine basins, turning 4€ceoffa€li the deep water formation in the Adriatic.
The a€ceoffa€l steady state resembles some aspects of the EMT in which the Adriatic source of
deep water was weakened when the Aegean source became active.



SESSION-THE MEDITERRANEAN REGIONAL CLIMATE SYSTEM
CONTRIBUTIONS

CAN PRECIPITATION OVER ISRAEL BE PREDICTED FROM EASTERN MEDITERRANEAN
CONTENT?

Hezi Gildor (1), Yael Ami(a)

(1) The Hebrew University Jerusalem (Israel) (2) Ben Gurion University Sede Boger Campus (Israel)

Contact: hezi.gildor@huiji.ac.il

Israel's location in a semi-arid region along the eastern coast of the Mediterranean Sea makes the
prediction of winter precipitation socially and environmentally important. In 1982, Tzvetkov and
Assaf suggested that there might be a connection between the Eastern Mediterranean's heat
content in fall and precipitation in Israel during the following winter. We revisit their hypothesis by
using data collected continuously over the past 21 years by means of remote sensors measuring
sea surface temperatures and elevation. The heat content of the Eastern Mediterraneana€™'s
upper layer is derived from these remotely-sensed measurements under a reduced gravity
approximation. Our results show a correlation of R=0.6 between heat content in the fall off the
coastline of Lebanon and precipitation in Haifa, as well as a correlation of about R=0.4 with
precipitation in Tel-Aviv and Jerusalem. The depletion of heat content during winter correlates
moderately (R=0.4) with precipitation in the three cities. Thus, according to our analysis, the heat
content of the Eastern Mediterranean's upper layer in fall significantly impacts winter
precipitation over Israel. However, other processes seem to be important as well.
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The critical factors in the determination of thunderstorm type and potential storm severity are
thermodynamic and kinematic conditions. While atmospheric instability determines the strength
of thunderstorm precipitation, the wind shear tends to promote storm's movement, organization
and longevity. The primary goal of this study is to investigate the temporal (diurnal, seasonal,
multiannual) and spatial variability of the vertical wind shears over the Mediterranean region
(26.0A°N a€“ 47.0A°N, 11.0A°W &€“ 42.0A°E). It is based on the data derived from ERA-Interim
reanalysis for the period of 1981-2015. The data consist of U and V wind components with 12-
hourly sampling (00 and 12 UTC) and horizontal resolution of 0.75A—0.75A°. In order to compute
the values of the 0-1 km, 0-3 km and 0-6 km wind shears, the information from the three hybrid-
sigma levels of L60 model were used. High values of low level shear (0-1 km), defined as the
difference between the wind at the lowest level and at 1 km AGL, conducive to formation of
tornadoes from supercell thunderstorms as well as bowing segments producing damaging
straight-line winds. The 0-3 km and 0-6 km wind shears, in turn, provide information about
possibility of sustain redevelopment of new cells at outflow boundaries next to older cells, and
support multicell, supercell storms and mesoscale convective systems. The preliminary results
confirmed high seasonal variability of the vertical wind shears, as well as spatial heterogeneity
which is related among others to the influence of the local relief.
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Climate change is a widely discussed environmental issue in recent times. Large parts of Europe,
including the region of the Mediterranean basin are especially responsive to global change
through extreme weather events, as heat waves and decreased precipitation. According to the
simulations of regional climate models (SRES A1B) over Mediterranean in 2080-2099, precipitation
will shift northwards resulting in a decrease of more than 20% over the period 1980-1999 at the
south parts. Towards this assumption, negative trends of consecutive wet days, mainly in the
western region of Greece, are likely to appear. In the present study, the dynamical downscaling
technique was applied in the Advanced Weather Research and Forecasting numerical model WRF-
ARW, in order to investigate and validate the performance of seven different combinations of
physics parameterizations. The WRF model, was forced by ERA-INTERIM reanalysis data, for a
short period of one year (January 2002-December 2002), over the European domain of 20km
horizontal resolution, downscaled to the domain of Greece with grid spacing of 5km. Simulations
with selected combinations of parameterization schemes among two Planetary Boundary Layers
parameterizations, along with the corresponding Surface Layer schemes, as well as, four Cumulus
physics schemes and three Microphysics options were investigated. The results of the model
simulations were validated to all available station measurements of daily precipitation and 2-
meter air temperature from the European Climate Assessment and Dataset (ECA&D), by utilizing
statistical metrics and Taylor diagrams for the domain of Greece. The study led to a more reliable
choice of physics configurations schemes for the WRF model, in order to simulate future climate
model experiments to assess the impact of climate change over the domain of interest.



SESSION-THE MEDITERRANEAN REGIONAL CLIMATE SYSTEM
CONTRIBUTIONS

CYCLONE STRUCTURE AS A CONTINUOUS SPECTRUM: THE MEDITERRANEAN CASE

Leone Cavicchia (1)

(1) Cmcc Bologna (ltaly)

Contact: leone.cavicchia@cmcc.it

The traditional classification of cyclones treats tropical and extra-tropical storms as distinct
phenomena. Such paradigm has been challenged by the discovery on the one hand of cyclone
transitioning between the two classes, and on the other hand of systems sharing features of both
classes for most of their lifetime (hybrid cyclones). A new paradigm has been suggested, where
the dynamical structure of cyclones spans a continuous spectrum, with purely barotropic and
purely baroclinic storms representing the two extremes of such spectrum. The Mediterranean Sea
is one example of basin where tropical-like and extra-tropical cyclogenesis is known to co-exist. It
is also known that cyclones sharing features of the two classes occur. However, this a€cegrey
aread€l has been seldom explored in the literature. Here, we analyze several recent cases of
intense Mediterranean cyclones with respect to their dynamical structure, and argue that an
extended classification scheme would provide a suitable framework for a better understanding of
Mediterranean cyclogenesis.
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The Mediterranean Sea has a complex, largely surface forced circulation driven by the combined
effects of air-sea heat and freshwater flux induced buoyancy loss and wind stress variations.
Significant uncertainty remains in the characteristics of these air-sea-flux fields both as regards
their mean state and variability. In this talk, both of these aspects will be reviewed with reference
to leading observation-based datasets (e.g. OAFlux, ERA-Interim) and high-resolution ocean
models (e.g. 1/12 deg NEMO). A particular focus will be placed on the spatial and temporal
dependence of air-sea flux variability from space scales of 10 km up to sub-basin, and timescales
of days to decades. It will be shown that the characteristic patterns of air-sea forcing change
significantly as a function of sampling time interval and the processes responsible for these
changes will be discussed. The changes will be placed in the context of severe winter forcing
episodes such as those occurring in the Aegean Sea in the early 1990s, the Gulf of Lions in 2004-05
and over a wider Mediterranean domain in 2011/12. Finally, the long-standing and still unresolved
problem of closure of the Mediterranean heat and freshwater budgets will be reconsidered from
the perspective of the recent higher resolution observation and model products.
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The Phase | CORDEX experiments contain climate downscaling simulations at a grid spacing of
about 50 km, but several regional climate modelling groups are also producing output, within the
same framework, at the 12 km grid. Climate information in this higher horizontal resolution is in
principle more suitable for vulnerability, impact and adaptation (VIA) studies which are already
under way given the available access of the CORDEX data through various internet portals. In this
work we assess 12 km CORDEX simulations driven by the ERA-Interim re-analyses for the period
1980-2010 with a focus in the eastern Mediterranean, a region that includes the southern Balkans,
Anatolia, Cyprus and the Levant coast, with parts of Libya and Egypt. We look at the output of
several regional climate model runs available for the EURO-CORDEX domain. The 12 km multi-
model climatology, variability, trends and extremes of temperature and precipitation are
compared with the respective output of the 50 km runs and corresponding observations, in order
to assess the possible added value of the higher resolution datasets.
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It is well known that a teleconnection pattern is established between the Indian summer monsoon
(ISM) and the eastern Mediterranean climate (Ziv et al., 2004; Tyrlis et al.,2012 Rizou et al., 2015).
The excitation of Rossby waves is one of the mechanisms responsible for this type of
teleconnection. Rodwell and Hoskins (1996, 2001) showed with the aid of idealized simulations
that the strong diabatic heating associated with the rainfall in the ISM region, induces a Gill-type
Rossby wave response to the west of the monsoon region, which interacting with the southern
flank of the mid-latitude westerlies, produces a region of adiabatic descent over North Africa and
the eastern Mediterranean (EM). The objective of this study is to examine the propagation and
characteristics of the Rossby wave trains responding to the convection forcing and extending to
the eastern Mediterranean during the years of strong and weak activity of ISM on inter-annual and
intra-annual basis. Daily NCEP/NCAR reanalysis datasets on a 2.5A2x2.5A2 grid are employed for
the period 1948-2013. The selection of strong and weak years is based on All India Rainfall Index
(AIRI). Summer refers to the peak ISM season, namely June, July, August, September (JJAS). The
forcing of the Rossby waves is examined with the aid of the Rossby wave source (RWS), which is
divided in two terms: the generation of vorticity by divergence (S1) and the advection of absolute
vorticity by divergent flow (S2). Monthly composite means and anomalies of RWS, S1 and S2 for
strong and weak years are calculated, along with velocity potential, absolute vorticity, zonal wind
and divergence at 200 hPa. Furthermore, correlation maps between Rossby waves and AIRI were
constructed to identify the relationship pattern of Rossby waves with the monsoon rainfall. It was
found that an intense Rossby wave structure forms during the strong ISM years, which becomes
more determined in July and August. This train seems to derive from subtropics, where deep
convection occurs during Indian summer monsoon and mainly during July and August, when the
diabatic source moves northwards over the Bay of Bengal, south of the westerly subtropical jet.
The train seems to propagate westwards towards the Middle East and the Mediterranean during
specific periods of the strong years.
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Extreme weather phenomena have been considered of high concern by the scientific community
so that to mitigate the impacts and contribute to the adaptation and resilience of the society.
Tornadoes and waterspouts have been characterized as the most violent of all small-scale natural
phenomena as they are associated with extremely high winds, inside and around the funnel,
causing extended damage and in many cases loss of life. Frequent areas of waterspout formation
are identified over specific areas along west parts of Greece. The goal of this study is to examine
the forecast ability of waterspout occurrence by implementing a data mining method on a
database of tornadic activity. There is a need to initiate a forecast task regarding waterspout
development over these frequent areas along western Greece. In order to support this task the
Laboratory of Climatology and Atmospheric Environment has launched an online reporting system
(tornado.geol.uoa.gr) to record any tornadic activity over Greece. The database concerns
waterspout activity that occurred during the last 16 years (2000-2015). Concerning the data
mining method the Waikato Environment for Knowledge Analysis (WEKA) was used, which is a
collection of machine learning algorithms developed by the University of Waikato, New Zealand,
under a GNU General Public License. Data mining, an interdisciplinary subfield of computer
science, adopts algorithms and data analysis tools, involves methods at the intersection of artificial
intelligence, machine learning, statistics, and database systems to discover patterns and
relationships in data that may be used to make valid predictions. Significant research has been
carried out investigating the use of diagnostic variable sets or instability indices, as forecasting
tools or parameters to identify favorable atmospheric conditions of severe convective weather.
Atmospheric variables as wind speed/direction and temperature at specific isobaric levels of
middle/low troposphere were taken into consideration as inputs in data mining process. In
addition, the sea surface temperature and several thermodynamic indices were also used as
variable regarding air-sea interaction and unstable weather conditions during waterspout days,
respectively. The ERA-Interim reanalysis dataset was used as source of the atmospheric variables
to the data mining method.
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Multi-decadal time-series of observational wave data beginning in the late 1970's are relatively
rare. The present study refers to the analysis of the 37-year long directional wave time-series
recorded between 1979 and 2015 at the CNR-ISMAR (ltalian National Research Council - Institute
of Marine Sciences) "Acqua Alta" oceanographic research tower, located in the Northern Adriatic
Sea, 15 km offshore the Venice lagoon, on 16 m depth. This length allows to exploit the content
not only for modelling purposes or short-term statistical analyses, but also for climatological scale
considerations. We explore the dataset both as average climate and its variability, and as possible
trends that might be suggestive of more general large scale patterns. This investigation is
particularly interesting if the climate of the area where the measurements are available is or may
be very sensitive to even small variations of the large scale climate. While looking for the detection
of long-term trends, the analysis has been performed on a monthly or seasonal basis, in order to
make sure that the results are not affected by the characteristic variability of the annual cycle. A
clear decrease of the 99th percentile (February and March are two non-significant exceptions) is
evident, paralleled by a smaller, but distributed along the annual cycle, increase of the 50th and
75th ones. Considering the two characteristic wind regimes acting on the area, a distributed
decrease of the bora significant wave height can be recognized, repeating the trends found for the
overall dataset, while less pronounced tendencies can be addressed for the sirocco conditions. The
evolution of the significant wave height distributions for the first and last 10 years of the time
series clearly confirms a decrease of the maximum values, but also an increase of the average
storm intensity with a shift from the lower to the central part of the distribution. The just drawn
conclusions represent a new starting point to dig first into the numerical correlation between the
evolution in time of the parameter of interest, namely the significant wave height, and the so-
called teleconnections and then to derive a physical interpretation of the recognized
interdependencies. For this we refer to the recurring and persistent large-scale patterns of
pressure and circulation anomalies that span vast geographical areas, representatives of the
atmospheric circulation variability, hence weather systems.
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The Mediterranean is an area with unique geophysical, historical and cultural history. The climate
conditions in the Mediterranean affect significantly the socioeconomic development, specifically
over coastal areas. Moreover, climate change may add to existing problems of desertification,
water scarcity and food production having impacts in human health and ecosystems. Taking into
consideration that the surface temperature is projected to rise over the 21st century and the
mean precipitation is likely to decrease in mid-latitude dry regions, according to IPCC 2014, we
confronted the challenge to study the joint modes of these two major meteorological variables
over the Mediterranean region, because they reflect better the weather conditions than
temperature or precipitation statistics taken separately. The objective of this study is to assess and
analyze the trends and variability of joint modes of extreme climate indices over the
Mediterranean region, during the period 1950-2015. The daily meteorological datasets used in this
study concern the high resolution gridded daily mean temperature and precipitation datasets
(0.25A° x 0.25A°), based on the E-OBS dataset from ECA&D. The four combined extreme climate
indices, based on joint modes of air temperature and precipitation, concern Cold/Dry days (CD),
Cold/Wet days (CW), Warm/Dry days (WD), Warm/Wet days (WW) and are defined by the
exceedances of the joint modes of temperature and precipitation using the 25th and 75th
percentile levels in order to capture a larger number of events. More specifically, the CD index is
defined as the number of days with the daily mean air temperature (T) below the 25th percentile
of the daily mean temperature (T25) and simultaneously the daily precipitation (P) below the 25th
percentile of the daily precipitation (P25). Accordingly, the other indices are defined; namely, CW
index (TP75), WD index (T>T75 and PT75 and P>P75). Furthermore, we considered it necessary to
analyze the influence of atmospheric circulation on joint modes of air temperature and
precipitation over Mediterranean region. The atmospheric circulation is examined in terms of
specific climatic indices, such as the North Atlantic Oscillation index (NAOI), the Mediterranean
Oscillation index (MOI), the Eastern Mediterranean Pattern (EMP) and the North Sea Caspian
Pattern Index (NCPI).
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Waterspout formation is very common in the Mediterranean Sea and particularly in the northern
coasts. According to recent studies, the most vulnerable area of waterspout formation in Greece
encompasses the water body over south Aegean Sea, especially northwards the coasts of
Heraklion city. A detailed database of waterspout events (WS) has been set up by the Laboratory
of Climatology and Atmospheric Environment of the University of Athens, containing among other
details the location and time of occurrence of these events, essential information for the
methodology followed. The aim of the study is to investigate the temporal evolution of cloud tops
associated with waterspout formation, prior and after the time of waterspout occurrence,
northwards the coasts of Heraklion city from 2012 to early 2016. We examine the minimum
brightness temperature around the WS location for four different examined radiuses (R1=5km,
R2=10km, R3=15km, R4=25km). Brightness temperature is estimated by using channel 10.8
micrometers MSG SEVIRI Rapid Scan Service Level 1.5 Image Data product. This product provides
data every five minutes and thus Cloud Top Temperature (CTT) analysis is presented for the
evolution of the minimum brightness over a two-hour period, from 60 min prior and 60 min after
waterspout formation.
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The Chemistry-Aerosol Mediterranean Experiment (https://charmex.Isce.ipsl.fr) is a federative
research project on atmospheric chemistry in the Mediterranean region and its impacts, in
particular on the regional climate, but also on air quality and human health, and marine
biogeochemistry. It is part of the multidisciplinary regional programme MISTRALS (Mediterranean
Integrated Studies at Regional and Local Scales; http://mistrals-home.org) initiated in 2010 and
planned to continue until 2020. We briefly summarize ChArMEXx activities during its first
experimental phase that included 5 airborne campaigns in summer 2012, 2013 and 2014, mainly
focused on the western basin. Major results regarding the role of aerosol direct radiative forcing
on the regional water cycle and climate are highlighted. They show the need for ocean-
atmosphere coupled modeling to represent the parasol aerosol effect on sea surface temperature
and evaporation. The roadmap for the second experimental phase of the project is presented,
including a new project of airborne campaign in the eastern basin on aerosol-cloud interactions,
and a regional model intercomparison effort on the past/present and future direct radiative and
climatic effect of aerosols and impact on the regional air quality. ChArMEx also works at building a
regional climate and air quality health impact assessment, aiming at filling the gaps in our
knowledge in the eastern and southern sides of the Mediterranean basin.
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Anomalous temperatures over eastern Anatolia during the first week of March 2004 caused rapid
snowmelt and resulted in high river discharges that are unprecedented in the region at that time
of year. The primary objective of the study is to investigate the underlying surface and
atmospheric mechanisms leading to this extreme event, together with a long-term analysis using
ERA-Interim data. The surface observations showed that the temperatures increased well above
100C in the region as part of a larger warming pattern extending from northeastern Africa to
Caucasus and Caspian regions to Siberia. A counter cooling pattern that extends from Europe to
northwestern parts of Africa was also evident. This dipole temperature pattern was produced by a
strong trough lying along a tilted axis between central north Africa to eastern Europe. A strong
depression over central north Africa helped maintain a cutoff low associated with the trough. A
detailed analysis of several teleconnection indices indicated no outstanding signal related with
such a strong trough in the first week of March. Albeit not very strong, Arctic Oscillation was in its
negative phase indicating the existence of the high-amplitude Rossby Waves in the northern
hemisphere. Further analysis reveals that the anomalous strengthening of the East Asian Trough
(EAT) increased the amplitudes of ridge-trough system over Euro-Mediterranean region, causing
colder polar air to penetrate to interiors of northwestern Africa while warmer African air to reach
the higher latitudes along northeastern Africa-Mesopotamia-Caucasus-Siberia path. A simple EAT
index, which is based on 500hPa level average heights for the first weeks of March between 1979
and 2015, demonstrated statistically significant correlations with the surface temperatures over
Europe and a region covering northeastern Africa and Middle East. Other indices related with EAT
as well as an EOF analysis of EAT also support the finding that EAT plays an important role on the
temperature distribution over a large area covering Europe, Northern Africa and the Middle East
in the early spring.



SESSION-THE MEDITERRANEAN REGIONAL CLIMATE SYSTEM
CONTRIBUTIONS
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Crete Island, located in the Southeastern Mediterranean basin, is of significant vulnerability with
respect to Saharan dust episodes transported from Libya and Egypt over the Eastern
Mediterranean. These episodes have been identified by utilizing simulations from the Skiron
forecast model and air mass backward-trajectories analysis at three altitudes of 500m, 1500m and
4000m AGL, being more frequent during spring due to specific synoptic conditions established
over the Saharan region. The goal of this work is to assess and quantify the chemical composition
of dust particles collected by passive samplers (Sigma-2) at four ground-level particle sampling
sites, three in Heraklion city, Crete Island and one in the Athens University campus, during the
period March 2012 - May 2013. A scanning electron microscope (SEM) was used to investigate the
chemical composition of individual dust grains in the collected samples in Heraklion city and
Athens. Our findings indicate that higher concentrations for all grades of the dust particles appear
in Heraklion against Athens. It is of high importance that rutile (TiO2) has been found in the
Heraklion samples, proving that the transboundary advection of dust can cause deterioration in
the health of the inhabitants of Crete Island.
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HOT DAYS AND DROUGHT SYNERGY OVER THE MEDITERRANEAN

Russo A. (1), Ramad\. (1), Gouveia C. M. (1), Ramos P. (1), Trigo R.M. (1)

(1) Idl Lisbon (Portugal)

Contact: amramos@fc.ul.pt

The Mediterranean is often affected by drought events with strong influences in ecosystems and
the related social and economic impacts [1,2]. In the last decades the severity of droughts in Iberia
has increased due to the higher atmospheric evaporative demand [3]. Moreover, Europe has also
experienced multiple and unprecedented mega heat waves, namely Western Europe in 2003 [4]
and Eastern Europe in 2010 [5]. In Southern Europe droughts and heat waves are two of the most
frequent EW events [6], having negative impacts on several economic and social activities. As
global warming increases, the likelihood of hot extremes also rises [7]. In this context it is
becoming increasingly relevant to improve the predictability of such events. A number of
diagnostic and modelling experiments have confirmed that hot extremes in Europe and USA are
often preceded by surface moisture deficits in some regions. Thus, in this study, we propose to
assess the strength of such a relationship throughout the entire Mediterranean area. In order to
achieve this purpose, the number of hot days in the regionsa€™ hottest month will be associated
with a drought indicator. The evolution and characterization of drought in the Mediterranean was
analyzed using the Standardized Precipitation Evaporation Index (SPEI) as obtained from CRU
TS3.21 database for the period 1901-2012. We have used SPEI for different time scales between 3
and 18 months, using a spatial resolution of 0.5A2. The number of hot days per month (NHD) was
determined based on the ECAD-EOBS daily dataset using a spatial resolution of 0.5A2. The NHD
was calculated as the number of days with a maximum temperature exceeding the 90th
percentile. In the main analyses, the most frequent hottest months in the Mediterranean are July
and August and results were developed on a regional basis (e.g. Iberia, France, Balkans) evaluating
the identification of the regions of strongest correlation between surface moisture deficits and
temperature extremes. [1] Gouveia et al, 2012. NHESS, 12, 3123-3137. [2] Trigo et al., 2013. BAMS,
94 (9), S41-545. [3] Vicente-Serrano S.M. et al., 2014.Env. Res. Letters, 9, 044001, 2014. [4] Garcia-
Herrera R. et al.,, 2007. J. Hidrom., 8, 483-498. [5] Bastos A. et al., 2014. Biogeosciences, 11, 3421-
3435, doi:10.5194/bg-11-3421-2014, 2014. [6] Hov A~ et al., 2013. ISBN (electronic) 978-82-7144-
101-2. [7] Fischer and Knutti, 2015. Nature Climate Change, 5, 5603€“564.



SESSION-THE MEDITERRANEAN REGIONAL CLIMATE SYSTEM
CONTRIBUTIONS

COMPARISON OF IDF CURVES PARAMETERS USING DIFFERENT ESTIMATION METHOL

Hanen Ghanmi (1), Zoubeida Bargaoui (1), CACcile Mallet (2)

(1) Enit Tunis (Tunisia) (2) Latmos Guyancourt (France)

Contact: hanen.ghanmi@gmail.com

Generally the representation of IDF curves shows a linear relationship in a double logarithmic
coordinate system. This assumes a relationship with heavy tail distributions of extreme
precipitation. Then, the intensity of extreme precipitation follows a power law distribution. In fact,
extreme rainfall has a scaling behavior. Thus, many authors used universal multifractal (MU)
model to estimate IDF curves. Thy studied the link between the empirical models (such as the
model of Montana), physically based models and statistical models namely GPD, GEV and the log-
normal model. They estimated the IDF curves as a function of MU model parameters such as
critical order of divergence of moment gD , the maximum observable singularity 13s and the order
of moment attached to this singularity gs. They even estimated these parameters without using
the MU modeling. To test the relevance of the previously mentioned methods, we have been
applied and compared results of mentioned methods to Tunis Manoubia station.
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During the last decades the modelling of the Mediterranean Sea climate has significantly evolved.
At present it is feasible to produce multidecadal simulations of the evolution of Mediterranean
hydrography and circulation at relatively high resolution (1/8A2-1/36A2). The main features are
well reproduced and the simulations are routinely used to understand, predict and project the
variability of physical quantities. However, there is still room for improvement: The models
disagree among them and with the observations in the regional circulation patterns, the salinity
fields and, in general, in the hydrography of the intermediate and deep layers. The scarcity of
historical oceanographic data is also handicap that prevents an accurate tuning of the models. In
this context, the Med-CORDEX initative provides the suitable framework for the improvement of
the numerical modelling of the Mediterranean Sea. Med-CORDEX is the largest coordinated effort
for the modelling of the Mediterranean region climate and includes simulations of the Sea done
with forced ocean and coupled ocean-atmosphere models. The intercomparison among models
provides an invaluable tool to understand the model limitations and to identify the elements that
can help to improve the model simulations. In this presentation we will present the main results
obtained from the Med-CORDEX ocean ensemble. In particular we will address how the models
represent the heat and salt redistribution, the deep water formation processes, the sea level
variability and the thermohaline circulation.
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In ~1990 a new source of deep water formation in the Eastern Mediterranean was found in the
southern part of the Aegean sea. Till then, the only source of deep water formation in the Eastern
Mediterranean was in the Adriatic sea; the rate of the deep water formation of the new Aegean
source is 1 Sv, three times larger than the Adriatic source. We develop a simple three-box model
to study the stability of the thermohaline circulation of the Eastern Mediterranean sea. The three
boxes represent the Adriatic sea, Aegean sea, and the lonian seas. The boxes exchange heat and
salinity and may be described by a set of nonlinear differential equations. We analyze these
equations and find that the system may have one, two, or four stable flux states. We conjecture
that the change in the deep water formation in the Eastern Mediterranean sea is attributed to a
switch between the different states on the thermohaline circulation; this switch may result from
decreased temperature and/or increased salinity over the Aegean sea.
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The Mediterranean Sea plays a crucial role in complex feedback mechanisms and processes of the
Europed€™s climate system. It is important to understand the air-sea interaction in this region,
thus there are many studies conducted on the relationship between atmosphere and seas
focusing on one of the main climate change hotspots, Mediterranean. In this study, the results of
the coupled regional climate model were used to determine the effects of the largest of the semi-
enclosed European seas (Mediterranean Sea) on the regional climate system. This coupled model,
Regional Earth System Model (RegESM) is a newly developed modeling system which integrates
atmosphere, ocean, river routing and wave components. The configuration of its two components
was used to simulate the the feedback mechanisms within the atmosphere and ocean
components. The simulations were performed for the period between 1979 and 2012 over Europe
(50 km) that includes an active ocean component for Mediterranean Sea. The ERA-Interim
reanalysis dataset is used as lateral boundary condition for both standalone and coupled model
simulations. To investigate the relationship between sea surface conditions and the regional
climate, a time-phase relationship analysis based simply on the lagged-correlations is applied to
the model results (both standalone and coupled) and evaluated. The results of the analyses show
that the considered variables over the sea (SST and evaporation) and the climate variables over
the land (precipitation, surface air temperature, etc.) have strong relationship depending on the
analyzed season and the selected sub-region over the sea. The results also indicate that the
relationship is stronger in fall and winter seasons, which air-sea temperature difference is high.
The lag (or response) time between anomalies of the sea related variables (SST and EVP) and the
anomalies of the variables over the land is around 7-13 days for SST and 2-6 days for EVP.
Acknowledgments This study has been supported by a research grant (113Y108) provided by The
Scientific and Technological Research Council of Turkey (TUBITAK) and partly by The Abdus Salam
International Center for Theoretical Physics (ICTP) Associateship Scheme. The computing
resources used in this work were provided by National Center for High Performance Computing of
Turkey (UHEM) under grant number 5003082013
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Improved adaptation to climate change relies on solid knowledge on current and future regional climate
and convincing arguments as well as hands on tools for inspired policy making. In this talk, the GEO-CRADLE
project, recently received funding from the European Union's Horizon 2020 research and innovation
programme will be presented (www.geocradle.eu, CSA, GA No: 690133). GEO-CRADLE maximizes region
specific, targeted information together with a specific roadmap for multi-spectra action directions, based
on thorough assessment on the level of coordination and future investment to be carried towards the
utilization of EO for climate adaptation and mitigation. The project attempts to coordinate and integrate
state-of-the-art Earth Observation Activities in the regions of North Africa, Middle East and Balkans, and
develop links so as to support the implementation of the flagships GEO, GEOSS, and Copernicus in support
to societal challenges with regional dimension including adaptation to climate change, energy and use of
renewable energy resources. In this regard GEO-CRADLE brings together key players fully representing the
Region of Interest, and the complete EO value chain therein, and establishes a multi-regional coordination
network that: (i) Supports the effective integration of existing EO capacities (space/air-borne/in-situ
monitoring networks, modelling and data exploitation skills, and past project experience) in each thematic
priority area of the project, (ii) Provides the interface for the engagement of the complete ecosystem of EO
stakeholders (scientists, service/data providers, end-users, governmental organisations, and decision
makers) (iii) Promotes the concrete uptake of EO services and data in response to regional needs, relevant
to adaptation to climate change, and the other thematic priorities of the project. In parallel, GEO-CRADLE
foresees to set up a Regional Data Hub, which abides by the GEOSS Data Sharing Principles and facilitates
access to and dissemination of region-related climatic data, as well as other geo-spatial information that is
available at the level of the Rol.
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High-resolution monthly precipitation climatologies for Italy are presented. They are based on 1961-1990
precipitation normals obtained from a quality-controlled dataset of about 6200 stations covering the Italian
surface and part of the Northern neighbouring regions. The study area corresponds to the Italian
administrative boundaries and includes the trans-national portions of Po basin which is the major water
resource for Northern Italy. High-resolution climatologies are calculated by means of a local weighted linear
regression (LWLR) of precipitation versus elevation: for each cell of a smoothed 30-arc second resolution
Digital Elevation Model (DEM) the regression is performed considering the 15 stations with the highest
weight. The station weights are expressed as the product of several weighting factors in the form of
Gaussian functions in which the distances and the level of similarity between the station cells and the
considered DEM grid cell in terms of orographic features are taken into account. In order to properly apply
this procedure to the complex Italian domain, the coefficients regulating the decrease of the weighting
factors are locally optimised by an iterative method. At each point of a 1A°x1A° resolution grid covering the
study area, the normals of the stations in the range of 200 km are recursively computed and the optimal
values of the coefficients are those which minimise the error estimators. Optimised coefficients are then
estimated for the high-resolution grid interpolating the 1A°x1A° grid results by inverse distance weighting
(IDW) and they are used to produce the climatologies. The performance of the model is evaluated by
comparing, with a leave-one-out approach, the precipitation normals computed for each station to the
corresponding observed values in terms of mean error (BIAS), mean absolute error (MAE) and root mean
square error (RMSE). The results are then compared with those provided by other interpolation
approaches, such as IDW and regression kriging (RK) with elevation as predictor. IDW exhibits the largest
MAEs and RMSEs in any month (9.5 and 14.2 mm as monthly average), LWLR and RK are quite comparable
in summer, while LWLR performs significantly better in winter. Mean monthly MAEs and RMSEs are 8 and
11.8 mm for LWLR, and 8.3 and 12 mm for RK. LWLR monthly precipitation maps show the finest spatial
detail, nevertheless IDW and RK maps could be useful supports to detect and correct possible outliers in
LWLR results.
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Montane snowpack, with its significant water storing capacity and subsequent modulation of river
discharge, is a key control on the available water resources in the Mediterranean region. Consequently, and
particularly in the face of future projections, there is much to be gained from diagnosing the extent of these
resources at any given time. Unfortunately, and in spite of previous efforts, the accurate estimation of
snow water equivalent (SWE) through data assimilation is still a major hydrometeorological challenge. On
the one hand, due to strong horizontal heterogeneity across a range of scales, modeling grid-scale SWE is
far from trivial. On the other hand, the only widely available observational estimates of SWE are based on
passive microwave satellite retrievals and these are not only coarse but known to contain significant bias
for wet and deep snowpacks. To constrain the uncertainties inherent in the estimation of SWE we have
developed a modular ensemble-based subgrid snow data assimilation framework (ESSDA). Our framework
makes use of the deterministic ensemble Kalman filter (DEnKF) with Gaussian anamorphosis to assimilate
snow cover fraction (SCF) retrievals into the subgrid snow distribution submodel. Thereby, instead of direct
assimilation of the quantity of interest (SWE) based on the aforementioned passive microwave retrievals,
ESSDA employs an indirect assimilation of SCF to update the subgrid SWE distribution through an ensemble
of non-linear snow depletion curves. We demonstrate the potential of ESSDA through both synthetic (twin)
and real experiments. The latter are carried out for a domain in the canton of Valais in south-western
Switzerland. In Valais the melt of the alpine snowpack represents the strongest signal in the seasonal
discharge of the Rhone river. The domain was chosen as a proof of concept with regards to the use of
ESSDA for monitoring SWE resources in an area where these are critical for hydropower and agriculture.
Given its modularity and robustness, our framework can readily be applied to diagnose the state of SWE for
other montane snowpacks in the Mediterranean region.
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Precipitation, a crucial climate parameter, is in high demand for the research and operational activities in
many different sectors as well as disciplines. Various gridded global and regional precipitation data sets are
available, but they have discrepancies resulting primarily from the differences in the number of stations
and interpolation techniques used to create them. The primary objective of this research is to gain insight
into how consistently these datasets represent the temporal and spatial distribution of precipitation in
Turkey, which has a quite complex topography. The gridded datasets include those obtained from station
and satellite measurements (e.g., CRU, APHRODITE, E-OBS, TRMM), and those produced by reanalysis (e.g.,
ERA-INTERIM) and climate models (e.g., CORDEX simulations). Different periods and areas are used in the
analysis depending on the availability of the data. The preliminary results indicate that there are not only
spatial but also temporal differences between observations both at country and basin scale. The
discrepancy amongst observations is larger in the northern basins of the country that are more
mountainous. In addition, the discrepancy is usually large in the winter and spring months. The models
have a tendency to produce higher precipitation values than the observations in winter and spring. The
major spatial difference between the model- and observation-based datasets takes place in the
mountainous areas lacking an adequately dense station network. The most outstanding example is the
northeastern Black Sea region where the observations show a decreasing precipitation with elevation while
the models indicate an increasing precipitation, especially above a certain altitude. (This study, which is in
progress, has been supported by TUBITAK (The Scientific and Technological Research Council of Turkey)
under project number 114Y114.)
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The north of Tuscany and eastern Liguria have experienced several exceptional precipitation episodes and
floods during the last century, with serious damage to human life and the environment. In recent years, the
damage related to these extreme events appears to increase. Long-term, rational planning of urban
development is indispensable to protect the population and to avoid huge economic losses in the future.
However, this will be possible only if the decision makers will be supported by the correct climate
information. This requires a thorough knowledge of the distributional features of extreme precipitation
over this complex territory to realize and deliver ad hoc climate service products. In this study, we perform
a detailed investigation of observed 1-day precipitation extremes and their frequency distribution, based
on a dense data set of high-quality, homogenized station records in 1951-2012. Our dataset is composed of
about 900 precipitation series coming from the databases of various regional agencies of central and
northern Italy. As well as for any other meteorological measure, physical signals in raw precipitation data
series are often hidden behind measuring errors and non-climatic noise caused mainly by station relocation
and changes in instruments, in the environment around the station or in the observing conventions.
Therefore, we developed specific codes to control the possible outliers, identify periods of failure and
malfunction of the weather station, and to control of the values recorded after periods of missing data
(suspected cumulative values). Finally, we have subjected the longer series to the Craddock homogeneity
test to verify the relative homogeneity of the records and, if necessary, we have homogenized them, to
remove all signals of non-climatic origin. After this process of control and homogenization of the data, we
have about 350 validated precipitation series available for the study area centred on the eastern Liguria
(8.25A°E - 43.50 A°N to 11.00A°E - 45.00 A°N, of about 30.000 km2) that we use to estimate very high
guantiles (return levels) corresponding to 10-, 50- and 100-year return periods, as predicted by a
generalized extreme value distribution. Return level estimates are produced on a regular high-resolution
grid (30 arcsec) using a variant of regional frequency analysis combined with regression techniques. The
results reflect the morphological complexity of the area of interest.
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In the context of the EU-funded RISES-AM project we have developed a new coastal database for the
Mediterranean region. The data structure of the database relies on a coastline segmentation process,
where units that represent a uniform response to sea-level have been created. Using information on
coastal morphology, distribution of assets and administrative boundaries the coast has been segmented
into 12.000 units with an average length of 4.5km. For this purpose we have produced an independent and
consistent coastal morphology and human settlement dataset using satellite imagery and location-tagged
photographs from Google Earth. Following the segmentation, the database was populated with more than
80 different parameters on the physical, ecological and socio-economic characteristics of the
Mediterranean coast, such as storm surge heights, rates of vertical land movement or spatial distribution of
people and assets. The quality of the developed database has been evaluated by experts from different
Mediterranean countries and has been compared to the ACCLIMATISE database, which covers 11
Mediterranean countries. The Mediterranean database, which will be open-access after publication, is
indented for use in risk and impact assessment to sea-level rise with the DIVA (Dynamic Interactive
Vulnerability Assessment) modeling framework. Nevertheless, we anticipate that the database can also be
used in a wide range of coastal applications.
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Today cities host more than 50% of the world population and exhibit a distinct thermal environment that is
much warmer than natural lands. These two facts make inhabitants of cities especially vulnerable to
extreme hot-weather effects, the most adverse of which is the significant increase in human morbidity and
mortality. The effects of excess heat are probably not happening homogeneously within a city but depend
on many location-specific characteristics such as land cover/land use, building conditions, and population
characteristics (distribution, age, health conditions, mobility & poverty) and their assessment requires
spatially detailed urban temperature data. At the moment however, such data are not available because
most cities operate sparse, irregular weather station networks that cannot provide a complete picture of
the urban thermal environment. This is an important issue which prohibits the identification of the
vulnerable urban hotspots and induces exposure measurement errors. A way to overcome this problem is
through the innovative use of thermal Earth Observation (EQO). Specifically two recent advancement of EO
technologies, namely the spatial enhancement of frequently acquired geostationary data and the
estimation of air temperature (TA) from remotely sensed land surface temperatures (LST), can provide the
basis for the development of spatially and temporally detailed urban temperature datasets. Our team has
implemented a service that uses these two technologies in conjunction with EO data from MSG2-SEVIRI so
as to provide gapless 1km/5 min LST and TA data for 16 European & N. African cities. These data are
produced in real-time and are used for the estimation of a number of higher-value products relevant to the
monitoring of the urban thermal environment, e.g. heatwave hazard and thermal discomfort maps, and the
development of relevant services. One service that we have developed in the context of the European
Commissiona€™s Humanitarian Aid and Civil Protections Directorate-Generala€™ (DG-ECHO) TREASURE
project is a mobile phone application that provides the user with information about his/her location-
specific personalized temperature-related health risk. The calculation of the personal risk is based on
epidemiological evidence of the temperature-health association and takes into account personal
characteristics that modify this relationship. This application will become freely available after its validation
during summer 2016 in Athens (GR).
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Agriculture is one of the economic sectors likely to be hit hardest by climate change, since it directly
depends on climatic factors such as temperature, sunlight, and precipitation. The EU LIFE ADAPT2CLIMA
(http://adapt2clima.eu/en/) project aims to facilitate the development of adaptation strategies for
agriculture in three Mediterranean islands, namely Crete (Greece), Sicily (Italy), and Cyprus by developing
an innovative decision support tool. The tool construction will be closely monitored by the project steering
committee comprising of climate and crop scientists, hydrologists, water managers, government policy
makers as well as farm association executives who will be interacting to tailor make the final product
perfectly suited to their needs. The ADAPT2CLIMA tool will make it possible to simulate the impacts of
climate change on crop production and the effectiveness of selected adaptation options in decreasing
vulnerability to climate change. In order to investigate the potential impacts of climate change, high
resolution RCMs at 12x12km horizontal resolution from the CORDEX database are used. Future projections
are forced by the IPCC RCP 4.5 and 8.5 scenarios. Climate changes directly or indirectly affecting agriculture
are studied using both appropriately constructed climatic indices mainly related to precipitation and
hydrological models. Furthermore, the climate impacts on agriculture are analyzed in terms of groundwater
quality and quantity in the pilot areas. The aquifer response in various climate change scenarios will be
investigated in order to propose adaptation actions and measures that will ensure future adequate
freshwater volumes for irrigation purposes.
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CLIMATE SERVICES FOR HEATWAVE RISK IN ATHENS AND MAJORCA: THE EU PROJEC
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The EU project TREASURE (Thermal Risk rEduction Actions and tools for SecURE cities) integrates the
expertise of epidemiologists, climatologists, Earth Observation scientists and Information technology
specialists to develop new tools for extracting useful and useable information tailored to the needs of
relevant authorities and citizens. In this work, we review the provision of climate services targeted to heat
wave risk and its impacts on health and energy demand using specifically selected climate indices. Two
target sites, where heat waves represent a major health and energy load hazard, are studied: the greater
urban area of Athens, Greece and the island of Majorca, Spain. Long term observational data from these
areas, spanning a period of at least 40 years, were used to study past and present trends of different
climatic and heat related risk indices. Positive and statistically significant long term trends of daily
maximum and minimum air temperature were observed in both cities, particularly pronounced in summer
and spring. The trend values were similar for daily maximum and minimum air temperature in Athens.
However, in Palma, the trend value of the daily minimum air temperature was double the value of the
maximum air temperature. The increase of air temperature was accompanied with simultaneous and
profound increase in hot days and heat waves frequency in both cities, the magnitude of increase being
higher in Athens. Focusing on heat related risk indices, probability distribution functions showed that
Athens and Palma reveal similar probabilities for €~ great discomforta€™ and a€"significant dangera€™
episodes. Future calculations for all climate change indices related to heat related risk were based on the
daily output of the RACMO?2 regional climate model (RCM) at a horizontal resolution of 25km. This model
was developed within the framework of the EU project ENSEMBLES (http://ensembles-eu.metoffice.com),
in which the National Observatory of Athens participated. The calculation of climate change indices were
incorporated in the form of map projections and line charts into a web tool providing heat wave, health
and energy demand related climate change projections in a time horizon appropriate for medium and
longer term policy planning. The aim of the web tool is to become a useful source of easily accessible
climate change information for the target areas in the hands of policy makers, authorities and citizens.
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WILDFIRE DANGER ASSESSMENT IN AN EASTERN MEDITERRANEAN ENVIRONMENT
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Wildfires, as integral earth system processes, play an important role in terrestrial ecosystems and in light of
the warming climate it is crucial to understand their controlling factors. Fire danger is a term used to
describe the assessment of both the static and dynamic factors of the fire environment which determine
the ease of ignition, rate of spread, difficulty of control and impact of a fire. Here, a fire danger assessment
is attempted for the island of Crete, an eastern Mediterranean environment that exhibits increased
vulnerability to wildfires. The static factors are the morphological and topographical features, as the land
use/land cover, inclination, aspect, settlement, landfills, proximity to roads, elevation, high voltage lines
(from Corine Landcover-CLC2000, GEODATA.gov.gr, and ADMIE databases). Each factor is distributed in five
severity levels, and then, a static danger assessment module is constructed by combining all factors with
different given weighting, based on proposed guidelines for wildfires prevention. The exposure to fire
danger, as a function of meteorological conditions, is considered as the dynamic factor and it is assessed by
the Canadian Fire Weather Index (FWI). FW!I is a daily meteorologically-based index used worldwide,
including the Mediterranean, to estimate fire danger. It is based solely on weather observations, obtained
for this study from the ERA-Interim reanalysis datasets on a 0.125A°x0.125A° grid. Both static and dynamic
factors are then combined to build an integrated danger assessment module. Furthermore, in order to
support the best practices in forest fire prevention, information regarding water supply spots, fireguard
stations, and heliports is added in the module. For the evaluation of the module, MODIS active fire product
(MCD14ML) that provides information about the location of fires burning at the time of satellite overpass is
used. Active fire data are screened for non-vegetation fires and aggregated at a 0.11A°x 0.11A° grid-box
level for the 2003-2014 period. It is found that the combination of both controlling factors correlates well
with the active fires in Crete, thus, enabling the use of this integrated fire danger assessment module in
other regional studies in the eastern Mediterranean. Acknowledgment: We kindly acknowledge the
Regional Administration of Fire Service of Crete and the Fire Service Department of Rethimnon for
providing the fire prevention data.
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Dust is transported from the Sahara to the Mediterranean through episodic events. Eastern, central and
western Mediterranean receive different loads of dust that follow diverse trajectories path and from
various dust sources in the Sahara. Here we investigate the spatiotemporal patterns of dust using the on-
line chemistry-climate regional model RegCM4 and evaluate it with a &€cepure dusta€l satellite product
LIVAS for the period January 2007 to November 2014 over the Mediterranean. According to LIVAS western
Mediterranean exhibits a dust optical depth maximum during summer, while eastern Mediterranean over
spring. Central Mediterranean is considered a transition area that receives dust throughout the year and
display a main spring maximum with a secondary in summer. RegCM4 overestimates the dust optical depth
over all subregions and captures its annual cycle adequately. Although it exhibits a positive bias over
eastern and western Mediterranean during summer and spring respectively. The vertical distribution of
dust is also investigated using the dust extinction. The model tends to underestimate dust in the planetary
boundary layer and overestimates in the free Troposphere. Vertical advection and vertical convective
transport of dust is probably accountable for the overestimation in the middle Troposphere.
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THE EFFECT OF CLOUDINESS ON GLOBAL, DIRECT AND DIFFUSE SOLAR IRRADIANCE
TYPICALTH OF EASTERN MEDITERRANEAN: WHAT SATELLITE INSTRUMENTS AND CLII
MODELS CANNOT USUALLY ESTIMATE
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Abstract Cloudiness is considered as the the major atmospheric parameter that affects the transfer of solar
irradiance through the atmosphere. Depending on type, coverage of the sky, height, position relative to the
Sun and velocity, clouds could diminish solar irradiance reaching the ground or cause enhancements well
above the solar constant. This complex effect of clouds on the direct and diffuse components of solar
irradiance cannot usually be simulated by satellite-derived or model-calculated irradiances. In this study,
we use 1-minute averaged values of global horizontal, direct normal and diffuse horizontal irradiances (GHI,
DNI and DHI respectively) for a 2-years period at Patras, South Greece (38.30N, 21.80E, 50m a.s.l.), to
analyze the variability of solar irradiance due to cloudiness. For this reason, irradiance measurements are
accompanied by a collocated digital imaging system to provide the cloud coverage, type and visible
percentage of the Sun disk. Solar irradiance measurements are taken by a Rotating Shadowband
Radiometer, programmed to measure GHI at 1Hz, that has a shadow cast on the sensor allow the
determination of DHI and subsequently the calculation of DNI from GHI and DHI. A VIS-J1006 camera
system (equipped with a fish-eye lens) is used for taking sky images that are processed by software to
derive the cloud properties. Model-calculated irradiances under clear skies are used to define the extent of
decrease or enhancement caused by cloudiness. For this reason, the LibRadtran radiative transfer model is
used, by taking into account climatic vertical profiles for the basic atmospheric gases for a midlatitude site
like Patras, Greece. According to results, the cloud type and the relative position to the Sun have the most
significant effect on solar irradiance variability by causing changes between -900 to +300 W/m?2 relative to
the clear sky values. A detailed analysis is provided about the statistical importance of the enhancement
events. Specific examples are provided as well as cases are classified according to the cloud conditions
aiming to contribute on the reduction of uncertainties on modeled radiative fluxes, satellite-derived
estimates of DNI and GHI and solar irradiance variability to the local scale. Acknowledgments: The authors
are indebted to CMS-Ing. Dr Josef Schreder for providing the VIS-J1006 camera. The libradtran team is
acknowledged for providing the model algorithm. The study was partly funded by FP7-ENERGYy project
DNICast (dnicast-project.net), Grant Agreement 608623.
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THE TURKISH MIDORING PROGRAM TO UNDERSTAND THE LONG TERM VARIABILITYOI
CLIMATIC VARIABLES IN THE EASTERN (LEVANTINE) MEDITERRANEAN

Baris Salihoglu (1), Dekosim Team (1)
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To contribute to the regional ecosystem and climate research, the Institute of Marine Sciences (IMS-METU)
set up a long term monitoring program for the Eastern Mediterranean. This program is being carried out
under DEKOSIM (Centre for Marine Ecosystem and Climate Research). DEKOSIM is an interdisciplinary
centre of excellence funded by the Turkish Ministry of Development, established at the Institute of Marine
Sciences of the Middle East Technical University located on the Eastern Mediterranean coast of Turkey. The
main objective is to create an infrastructure that focuses on interdisciplinary research linking physical,
chemical, biological and geological marine research. The majority of the IMS-METU academic staff as well
as several researchers from other national institutions have contributed to the program. With 40 years
experience in marine research in the Mediterranean and Black Sea the IMS-METU through DEKOSIM aims
to become a marine research centre serving all national and international researchers in the marine
ecosystem and climate fields. DEKOSIM consists of two main frameworks: Long term monitoring systems
and a marine science laboratory. The long term monitoring system involves the deployment of 4 Argo floats
in the Black Sea and 2 Argo floats in the Eastern Mediterranean, one coastal mooring system with both
surface and underwater sensors to obtain continuous oceanographic, meteorological and atmospheric
measurements in the Eastern Mediterranean situated offshore IMS-METU Campus and another in the Black
Sea situated offshore Sinop. The marine science laboratory will comprise several laboratories including,
genetics, fisheries, chemistry, geophysics and computer cluster branches. The Mediterranean mooring
system was recently set up about 5 nm off the IMS-METU Campus at about 100 meters water depth. The
underwater sensors of the system are; T, S, DO, Chl, Tur at near surface, T,S,P at 10 meters, T,S at 20, 30
and 75 meters, T,5,D0 at 50 and 100 meters. A 300kHz ADCP will be deployed under the buoy. All the data
from underwater sensors are transferred to the buoy via inductive modems. The meteorological equipment
and daily data telemetry via GPRS are provided by Turkish Met Office. Based on the time series
measurements since 1997, a new time series project, Erdemli Time Series (ETS) has been started in the
Eastern Mediterranean. Along a section of 10 nm, at 8 stations of 20, 50, 75, 100, 125, 150, 175 and 200
meter water depths, the physical parameters (T, S, DO, Chl, Tur, Par, Sechi Disk) are measured weekly and
biochemical parameters monthly. As the profile crosses the main Eastern Mediterranean water current, the
weekly ADCP measurements provide important information about the currents and the suspended
materials. These data are analysed to understand the long-term variability (including the climate effect) in
the region. In the long run DEKOSIM aims to develop and to test analysis systems for the synoptic
description of the environmental status of Turkish coastal waters including the Mediterranean, Marmara
and the Black Seas. DEKOSIM also aims to provide knowledge transfer tools to assist authorities and other
stakeholders to manage routine tasks and evaluate trends.
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ANALYSES OF ECOSYBRENARY PRODUGTINTERACTIONS IN THE NORTHERN
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A-rek (1)

(1) Institute Of Marine Sciences-middle East Technical University Mersin (Turkey)

Contact: baris@ims.metu.edu.tr

Three areas of different ecosystem characteristics in the Northern Levantine Basin is compared using a 1-D
multicomponent lower trophic level ecosystem model developed by SALIHOAZLU, B. et al. (2009) (NAGEM).
Main focus was to analyze and compare the carrying capacity (PP) and regulatory mechanisms of the
nutrients on lower trophic levels. 26 yearsa€™ of historical data obtained from METU-IMS data inventory
and CORIOLIS was used to form a climatology, to introduce boundary conditions to the model as well as to
carry out model skill analyses. At the three sites (Erdemli Times Series, that represents a coastal system,
Mersin Bay, that represent offshore waters and Rhodes upwelling area) vertical mixing in winter and
stratification in summer are found to play a major role in the distribution of nutrients in the water column
resulting shift in ecosystem structure. Furthermore, model results suggest distinct mechanisms that control
phytoplankton biomass in each region. In Rhodes upwelling area, highest annual primary production values
calculated due to nutrient-rich, deep water carried into the euphotic zone throughout the year. On the
other hand, the strongest and deepest spring bloom occurred at Erdemli coasts which are attributed to
increasing riverine input to the area in early spring. Offshore waters of Mersin Bay have the lowest
productivity throughout the year with minor pulses during winter and spring seasons. The model also
suggests alterations on limiting nutrients due to changing nutrient budgets among sites. Even though all
areas are found to be limited by phosphate, offshore waters of Mersin Bay are also co-limited by nitrogen
for autotrophic eukaryotes and diatoms in the summer season. This limitation also occurs in ETS station for
diatom speci
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CLIMATE INSTABILITY DURING THE LAST INTERGLACIAL

Polychronis Constantinos Tzedakis (3), Vasiliki Margari (3), Eleonora Regattieri (5), Luke Cameron
Skinner (6), Laurie Menviel (2), John Hellstrom (1), David Hod@llb{&nni Zanchetta (4), Russell
Drysdale (1)

(1) University Of Melbourne Melbourne (Australia) (2) University Of New South Wales Sydney (Australia) (3)
University College London London (United Kingdom) (4) University Of Pisa Pisa (ltaly) (5) Istituto Di Geologia
Ambientale E Geoingegneria, Cnr Rome (ltaly) (6) University Of Cambridge Cambridge (United Kingdom)

Contact: p.c.tzedakis@ucl.ac.uk

Marine and terrestrial records from the North Atlantic have suggested the presence of climate instability
during the Last Interglacial (129-116 thousand years ago), but there is considerable ambiguity over the
number, timing and geographic extent of reported oscillations and whether they involved interhemispheric
changes. This arises from the lower signal-to-noise ratio of interglacial variability compared to glacial, and
the uneven resolution and poor chronological control of palaeorecords. Here we address these issues first
by combining marine and terrestrial proxies from the same deep-sea sequence on the Portuguese Margin
and then placing them on a robust chronological framework of a speleothem record in Italy. These records
have previously been shown to capture abrupt climate changes with high fidelity and to trace the oceanic
bipolar-seesaw. In line with previous work, our records show that the strongest expression of climate
instability leading to an activation of the bipolar-seesaw occurred during the transitions into (Heinrich
Event 11) and out of the interglacial (cold-water event C24), associated with large freshwater discharges in
the North Atlantic. In between, activation of the seesaw is not detected, consistent with smaller freshwater
fluxes at times of reduced ice volume. However, our records independently document a pervasive intra-
interglacial variability in the hydrological cycle of southern Europe, coherent with episodic cold water-mass
expansions in the North Atlantic and consistent with the observed geographical pattern of climate changes
in climate model experiments. The origin of this variability remains unclear.
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EARLY PLEISTOCENE (> 1.2 MA) VEGETATION AND CLIMATE CHANGES IN SE EUROPE
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Our current knowledge about Early Pleistocene climate and flora in the Mediterranean region is based
mostly on fragmentary terrestrial archives complemented by marine cores. In an effort to improve our
understanding of the climate and flora evolution over this interval, a new 569m-long core was retrieved in
2013 within the frame of the ICDP drilling at Lake Ohrid. Preliminary analyses show continuous
sedimentation over the last ~1.2 million years and indicate major shifts in organic carbon, pollen and
diatom assemblages corresponding to the characteristic marine isotope stage (MIS) stratigraphy.
Considering the reduced global ice volume and shorter climatic cycles paced by obliquity observed in
marine cores during this period, the research objectives of this new ICDP project are: (i) the determination
of the floristic diversity in a southern refugium during the formation of Lake Ohrid and prior to the onset of
the Mid-Pleistocene transition with a focus on relict subtropical species, (ii) the reconstruction of
environmental and hydrological history of Lake Ohrid, (iii) the identification of the main drivers of
terrestrial and aquatic ecosystem change in the Ohrid Basin since the formation of the lake until MIS 35
under an obliquity-controlled climate regime (41-kyr cycles), and (iv) the quantitative reconstruction and
assessment of the nature and amplitude of climate variability during this interval in the Eastern
Mediterranean region. Here, we report the first results of palynological and lipid biomarker analyses and
reconstruct the response of aquatic and terrestrial ecosystems to climate variability over the Early
Pleistocene at Ohrid. The Early Pleistocene palynoflora of the region is quite diverse and includes several
relict species such as Carya, Liquidambar, Pterocarya, Cedrus, and Tsuga. Lipid biomarker analysis indicates
rather limited soil erosion even during glacial intervals, suggesting that the soil organic matter pool
remained stabilized by persistent vegetation. The first palynological and biomarker results suggest a rather
densely vegetated landscape in the study region. Several tree species are present during glacials, while
plant diversity increases during interglacials suggesting higher temperatures and an increase in moisture
availability. Ongoing high-resolution analyses will elucidate patterns of ecological succession and the
impact of centennial climate reversals on landscape openness as well as on terrestrial and aquatic
vegetation.
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Human-Environment-interaction has long been a subject of research in Greece, but there is a dearth of
environmental records with high temporal resolution in the direct vicinity of archaeological sites. Liminic
and lagoonal sediments from the Peloponnese and around the Gulf of Corinth, are highly sensitive archives
for climatic and environmental changes, and are located in the direct vicinity of well-known archaeological
sites, (Mycene, Olympia, Delphi). Hence, they provide excellent environmental records in an archaeological
context. During the last decade, we have investigated 2 (former) lake sites in the center of the
Peloponnese, Stymphalia and Asea, and several lagoonal sites along the Western and Northern coast of the
Peloponnese. To reconstruct the palaeoenvironmental conditions at the sites we mainly used geochemical
and sedimentological proxies. The respective age-depth-models were based on radiocarbon dates with
combined in Bayesian statistical models. The sites we investigated cover age ranges from few thousand
years until more than 45,000 years. However, the quality of the age information is very variable from site to
site and is often hampered by reservoir or hard water effects and the scarcity of suitable dating material.
Due to strong differences in sedimentation rates between the sites, the temporal resolution is also highly
variable. While the lagoonal sites mainly reflect changes in sea level and tectonic activity, the lake sites
mainly reflect changes in climatic conditions and water availability. The environmental signals of all sites
are overprinted by the impact of human activity, of varying duration and intensity. In our presentation we
evaluate the quality of the different lake and lagoon archives we have investigated, we highlight chances
and challenges of the different sites and discuss perspectives for future geoarchives in and around the
Peloponnese.
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We review and synthesise the existing information on (i) the age and origin of Lake Ohrid (Former
Yugoslavian Republic of Macedonia/Albania), (ii) its regional seismotectonic history, (iii) the volcanic activity
and climate change in the central northern Mediterranean region, and (iv) the triggers of biodiversity and
endemism and thus provides a comprehensive state of the art overview to the four main aims defined in
the Scientific Collaboration of Past Speciation Conditions in Lake Ohrid (SCOPSCO) project. According to the
existing data, the Lake Ohrid basin formed by transtension during the Miocene and opened later, between
the Pliocene and the Pleistocene. Lake Ohrid established de novo in the still relatively narrow valley
between 2.0 and 1.3 Myr ago. The entire lake history is recorded in a 569 m long sediment sequence, which
was recovered under the umbrella of the International Continental Scientific Drilling Program (ICDP) from
the DEEP site in the central part of the lake in April 2013. So far, 53 tephra and cryptotephra horizons were
found in the upper 460 m of this sequence. Ten of these tephras and one cryptotephra were used by means
of tephrostratigraphy and tephrochronology as 1st order tie points to establish an age depth model for the
uppermost 247.8 m of the sediment succession. The age model was complemented by 2nd order tie points
from tuning of biogeochemical proxy data to orbital parameters and revealed that the upper 247.8 m cover
the last 637 kyr. The multi-proxy dataset indicates long-term variability, such as glacial/interglacial changes,
and short-term environmental change, caused for example by tephra deposition or Heinrich events. Over
longer time scales, Lake Ohrid does not seem to have functioned as a refugium or dispersal origin for
freshwater biota. This is different from the Lake Ohrid surrounding, where the mountainous settings
provided a refugium for vegetation during the relatively cold and dry glacial periods. Although Lake Ohrid
experienced severe environmental change over the last 637 kyr, biological studies indicate that there are
no extinction events over this period. The lack of severe catastrophic events, along with constant
diversification rates, high ecosystem resilience, lake internal dispersal limitation, and high buffer capacity of
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the water body, are proposed to be the main drivers for the extraordinary high endemic biodiversity of
Lake Ohrid.
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We present new quantified hydro-climatic data from the past 1000yrs, based on the Prespa Lake level
record (SW Balkans). Numerical reconstructions of precipitation-driven inflow changes focus on the
Medieval Climate Anomaly (MCA) and the Little Ice Age (LIA), and are placed in a Holocene perspective.
Mediterranean lake-proxy reconstructions show a distinct W-E pattern over the past millennium, linked to
the North Atlantic Oscillation (NAO). The West experienced dry conditions during the MCA (NAO:
predominantly positive); wetter conditions / negative NAO phases dominated the LIA. The East experienced
roughly opposite conditions. The Balkans is located at the juncture of these contrasting hydro-climatic
domains. However, regional high-resolution lake-proxy records from this period are sparse and the pattern
of hydro-climatic change is not clear. Absolute lake-stage index-points are of great value to interpret
different lake-proxies and to produce regionally robust hydro-climate histories. The Prespa isthmus beach
ridge complex offers a unique opportunity to create an absolute stage record. Beach ridge sediments
accurately register annual lake fluctuations which are driven by wet season precipitation. Absolute stage
index points were dated by OSL & 14-C age-estimation methods. Lake surface areas at dated index points
were reconstructed using geomorphic / chronostratigraphic methods. All major low/high lake phases over
the past ~1000 years were identified and dated in the sediment record. Low lake levels (842-846m) during
the MCA (~900-1420AD) suggest drier wet seasons, except for several decades after 1230AD (lake: 847-
848m). Lake levels were high (>847m) ~1450-1987AD, except for a multi-decadal fall to ~845m around
1640AD suggesting a dry spell. Low levels after 1987AD (842-845m) were mainly caused by water
abstraction. These hydro-climatic changes are similar to those in the west-central Mediterranean. However,
lake-proxy records to the east of Prespa suggest an opposite pattern; the boundary between these two
domains likely runs along the spine of the Balkans. MCA-LIA lake variability is superimposed on a long-term
drying trend starting ~5000yrs ago, fitting the broad-scale E Mediterranean pattern. Over this time, max
(min) inflow during wet (dry) periods successively decreased. Inflow variability related to wet/dry periods
was in the order of 5-10%. This limited variation had, however, large consequences for lake level which
fluctuated between 842-852.5m.
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We present here a first comprehensive statistical reconstruction of average winter temperature (DJF) in
Jerusalem since 1750. This reconstruction might represent the Eastern Mediterranean climate. Data were
reconstructed by using a statistical model based on Principal Component Regression, using both long-term
instrumental data and high temporal resolution records of proxy data. These included tree ring
chronologies from Jordan, and records of winter precipitation and sea level pressure from central and
Western Europe. Split Validation resulted in a 0.73 correlation coefficient between observed and
reconstructed temperature. Based on this analysis, the winter of 2009 was found to be the warmest on
record since 1750. Following Wavelet Analysis (WA) that aimed to detect periodicities in the reconstructed
time series, we found a Dominant Low - Frequency Periodicity (DLFP) with ~60 year period. This motivated
us to investigate whether WA can detect low frequency periodicities in climatic time series. Previous
studies have already indicated DLFP in climatic time series, recognizing their importance in predicting
climate change. In this study, WA was applied to random time series, Yielding surprising results: every
(100%) application of WA demonstrated a DLFP. It is thus asserted that the claimed periodicities in the
literature are indicative for a more meticulous research on periodicity detection methodologies. The results
reinforced the ability of WA to capture local abrupt changes of a signal rather than detect periodicities.
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CLIMATIC CONDITIONS FROM NORTHERN TUSCANY (CENTRAL ITALY) DURING LATE
ETRUSCAN AND ROMAN TIMES AS REVEALED BY SPELEOTHEMS
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Human activity has been a geologically recent, yet profound, influence on the global environment and the
Holocene has witnessed the transition from nature-dominated to human-dominated shaping of the
Eartha€™s landscape and atmosphere. This switch has been neither regionally homogenous nor necessarily
progressive. During this period the Mediterranean region was the cradle for some of the worlda€™s oldest
civilizations. During the same period, there were important climatic changes that, along with the human
activity, transformed the landscape in a way that is difficult to disentangle. For better understanding the
different roles of climate and human activity it is necessary to start from the analyses of restricted areas
where archeological, palaeocological, geomorphological and paleoclimatological data can be merged into a
single a€ceholistica€ll view. Here, we present high-resolution paleoclimatic data from speleothems from
Northern Tuscany and archeological data which show the different response of the environment between
late Etruscan to Roman times. In particular, during this period a significant increase in flood intensity and
recurrence is recognizable at ca. 2000 yr cal BP, which is in agreement with archaeological evidence.
However, the ability of Roman society to control the environment probably mitigates the impact of this
climatic phase.



SESSION-PAST CLIMATE EVOLUTION OF THE MEDITERRANEAN REGION
CONTRIBUTIONS

BRONZE AGE PRECIPITATION VARIABILITY RECORDED IN A SPELEOTHEM FROM MAVI
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New insights into the climate during the Aegean Bronze Age is provided by high resolution stable isotope
data (d180 and d13C) from a stalagmite from Mavri Trypa Cave, SW Peloponnese. The stable oxygen
isotopes reflect variability in precipitation amount. The chronology of the stalagmite is based on 24 U-Th
ages with an average uncertainty of A+25 years. The stalagmite formed between 4700 and 1300 cal years
BP. Petrographic thin section analysis revealed two interruptions in growth, between 4200 and 3800 cal yrs
BP and between 2950 and 2050 cal yrs BP. Here, we focus on the growth periods from 4700 to 4200 cal yrs
BP and from 3800 to 2950 cal yrs BP, the former coinciding in time with the Early Helladic Il period and the
latter with a period extending from the end of the Middle Bronze Age to end of the Late Bronze Age, on the
Greek Mainland. In these periods, the role of climate change for societal evolution has been heavily
debated. These discussions have, however, been hampered by the lack of local paleoclimate data. With the
addition of the well-dated record from Mavri Trypa this problem is alleviated. The stable oxygen isotope
data from Mavri Trypa indicate two periods of pronounced dry conditions between 4350 and 4200 cal yrs
BP and 3080 to 2950 cal yrs BP both ending with prolonged interruptions in stalagmite formation. Beyond
these very dry periods, we find evidence of two less pronounced dry periods of apparently similar
magnitude, in the Late Bronze Age. A first period of around 150 years of overall drier conditions is centered
on 3450 cal yrs BP, coinciding with LH I, and the second is a c. two decades long dry phase centered around
3200 cal yrs BP concurring with the end of the LH 1lIB and thus the final phases of the Mycenaean palatial
era.
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NORTHERN AND SOUTHERN COASTAL ECOSYSTEM RESPONSES TO THE HOLOCENE
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Decadal to millennial climate variability in Holocene records are today commonly related to changes in
atmospheric circulation (NAO, MO, monsoon) driven by the combined influence of insolation forcing and
fluctuations in the thermohaline circulation. However, assess the climate mechanisms underlying these
processes remains a challenging task especially in the Mediterranean. Mediterranean climate is driven by
both boreal and tropical climate influences and thus Mediterranean ecosystems are among the most
sensitive and reactive to climate changes. Recent reviews show their rapid response to rapid events
though, climate and environment discrepancies are highlighted between the north and south margins of
the Mediterranean. Build a regional North-South Mediterranean scheme by using multiple records appears
crucial to replace decadal to millennial changes observed in Mediterranean in the wide context of northern
hemisphere climate system. High resolution vegetation records from Palavas lagoon (south France a€“
43A°N) and Boujmel Sebkha (South Tunisia 4€“ 33A°N) allow assessing the potential dissimilarities between
north and south Mediterranean vegetation changes and climate variability during the last 8 kyr. Repetitive
humid /arid fluctuations are depicted at a centennial scale in the two sites. In the north Mediterranean,
Fagus (beech) develop during the humid events at the expense of deciduous Quercus (Oak). In the south
Tunisia, Mediterranean xerophytes and aquatic plants progressively decline while herbaceous desert grows
indicating increasing aridity. These abrupt events, sometimes asynchronously in north and south
Mediterranean, match with some of the Mediterranean rapid climate changes (RCC) and/or north
hemisphere climate events. Such oscillations between humid phases and arid episodes are close in time
with some North Atlantic climate events time periods, addressing new perspectives to (i) typify late
Holocene climatic oscillations and (ii) disentangle the mechanisms involved in Mediterranean climate
variability.
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Lake Ohrid, on the Balkan Peninsula, is one of the deepest lakes in Europe and has a high potential for
palaeoenvironmental studies. A drilling campaign was carried out in 2013 as part of the International
Continental Scientific Drilling Program (ICDP), within the scope of the Scientific Collaboration on Past
Speciation Conditions in Lake Ohrid (SCOPSCO) project. Multidisciplinary analysis (including sedimentology,
geochronology, paleontology, and geochemistry) was undertaken on sediment sequences from the
a€0eDEEPA€D site that cover the entire lake history (>1.2 myr). The DEEP sequence is an exceptional core
for reconstructing glacial-interglacial climate changes in southern Europe. The sequence (spanning
approximately 500 kyr or the past 12 marine isotope stages) has been analysed by a team of palynologists
from several European laboratories. Pollen analysis has identified the major patterns of vegetation and
climate changes from marine isotope stages MIS12 to MIS1. Continuous sediment infill at the site facilitates
the resolution of repeated non forested/forested phases in response to glacial-interglacial cycles and sub-
Milankovitch climate change. The goal of this study is to reconstruct the climate in the Balkans during the
last 500 kyr, inferred from Lake Ohrid (DEEP) pollen data. Pollen-based climate reconstructions are
important for better understanding the variability of the glaciala€“interglacial cycles in southern Europe.
These reconstructions focus on climatic seasonality, one of the main drivers of vegetation structure in the
Mediterranean region. We also aim to produce a robust climate reconstruction based on a multi-method
approach (including the Modern Analogues Technique, Random Forests, and Weighted Averaging
regression). The originality of our approach is to better assess past climates and the uncertainty of the
climate reconstruction by integrating the errors calculated by each method in an a€ceoptimala€i
temperature and precipitation reconstruction.
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The Alpine region currently experiences complex climatic conditions and presumably it was the case for the
Holocene. For depicting the climatic evolution of the western sector of the Alps, several flowstone cores
were retrieved from Rio Martino Cave (Piemonte, Northern Italy, ca. 1530 m a.s.l.) in the upper Po Valley,
where the climate is dominated by North Atlantic synoptic systems. U/Th dating of flowstones indicates a
phase of deposition starting at the beginning of the Holocene. Two cores were intensively studied using a
multi-proxy approach (stable isotopes and rock magnetism). The oxygen isotope record spans from ca. 10
ka to 0.5 ka and shows substantial variability, which is interpreted as changes in rainfall isotopic
composition recharging the cave catchment. Variations in carbon isotopes instead are interpreted as
reflecting the degree of soil development. A long-term trend in oxygen isotope ratio is apparent, with
relatively low values persisting from the commencement of deposition until ca. 6 ka. From 6 to 3 ka the
oxygen isotope ratio increases gradually before decreasing again from 3 ka onward. Carbon isotope ratio
shows a good degree of correlation with oxygen. Superimposed on this trend are numerous centennial-
scale oscillations which may reflect alternating periods of drier and wetter conditions. Both stable isotope
records and magnetic susceptibility and remanence intensity, which mainly depend on the detrital content
inside the speleothem, show an interesting similarity with increases in the frequency of floods as recorded
by recent compilations of lake records
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The sedimentary sequence of Aliakmon River delta (core S1) in north Aegean Sea is investigated to provide
information about the mid-Holocene (8500 3€“ 4500 cal yr BP) climate variability of northeastern
Mediterranean (NEM). A synthetic age-depth model was constructed from 4 radiocarbon dates and
through correlations with lithostratigraphic profiles and magnetic susceptibility (MS) stratigraphy of
proximal to S1 cores. The mid-Holocene part of the core (450cm) represents lacustrine and floodplain fine
(silt and clay) sediments with successive layers of coarser (coarse silt, sand and fine gravel) interbedded
material. Clay minerals are represented by kaolinite and chlorite. The layers of coarse sediment correspond
to peaks in the MS profile and to low percentages of weight loss-on ignition (LOI) and are interpreted as
periods of increased flood activity. Decreases in LOI coincide with decreases in total organic carbon (TOC)
from Lake Dorjan (70km to the northeast) sediments (core Col260), while peaks in Aliakmon River MS
profile correspond to increased sand, kaolinite and chlorite concentrations in north Aegean Sea sediments
(core SL-148), suggesting a regional signal of environmental change across NEM region. The results show
significant centennial-scale climatic variability during mid-Holocene with periods enhanced flooding activity
alternating rather abruptly with short periods of low flooding activity centered at at 8.04, 7.6, 7.25, 6.7,
6.25, 5.83, 5.4, 4.85, 4.4 cal. yr BP respectively. The successive periods of increased flooding occur at
approximately 500 years for the mid-Holocene part of the record and may reflect changes of similar period
in North Atlantic Deep Water (NADW) circulation.
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Combined sedimentological, micropaleontological, geochemical and pollen analyses have been performed
on core SK-3 (R/V Aegaeo, 2010; 249 m water depth), aiming to determine the paleoceanographic-
paleoclimatic changes during the last interglacial in the SW Aegean Sea. The grain-size data of Si3-3
sediment record show a high percentage of sand that was prominently decreased within two distinct
sapropelic layers. The first sapropelic layer (24-37 cm) corresponds to sapropel S1. The second sapropelic
layer (OC ~2-5 %) appears in-between 178-200 cm, corresponding to the high sea-level warm Eemian MIS5e
associated with sapropel S5 deposition. Alkenone SSTs within this interval exceed 230C and 1"181YG. ruber
appears strongly depleted, pointing to warm surface waters with decreased salinity, also supported by the
dominant planktonic foraminifera Globigerinoides ruber (white and pink) and Orbulina universa. The
presence of benthic infaunal taxa Chilostomella mediterranensis, Globobulimina affinis and Bulimina spp.
imply oxygen deficiency conditions at bottom waters. The contemporaneous absence of Globorotalia
inflata indicates a highly stratified water column. Pollen flora within S5 depositional interval is
characterized by high arboreal abundances; mainly deciduous Quercus, together with Pinus and Juniperus.
The succession of deciduous oak forest-dominated vegetation; firstly marked by increased Mediterranean
elements, followed afterwards by Pinus and Abies, complies with synchronous terrestrial deposits of
southern Balkans. The later phase of Abies expansion features the vegetation instability at the onset of the
climatic deterioration towards the end of MIS5e. A cooling event is assumed at 189-192cm, where the OC
content is decreased well compared with SST trend, heavier "180 G. ruber values and rapid decrease of
deciduous trees coupled with expansion of Chenopodiaceae, interpreted as a disruption of the African
monsoonal forcing.



SESSION-PAST CLIMATE EVOLUTION OF THE MEDITERRANEAN REGION
CONTRIBUTIONS

LAST INTERGLACIAL RECORDS FROM CONTINENTAL CARBONATES (SPELEOTHEMS A
LACUSTRINE SHBEMNW): A COHERENT FRAMEWORK OF ENVIRONMENTAL VARIABILITY F
CENTRAL ITALY SITES

Eleonora Regattieri (1), Giovanni Zanchetta (2), Russell Neil Drysdale (3), Biagio Giaccio (1), Nomade
Sebastien (4), Bernd Wagner (5), Alexander Francke (5), John H¢B3tdtemia Isola (7), Chiara
Boschi (8)

(1) 1gag-cnr Rome (Italy) (2) Earth Sciences Department University Of Pisa Pisa (ltaly) (3) School Of
Geography University Of Melbourne Melbourne (Australia) (4) 6laboratoire Des Sciences Du Climat Et De
La€™environnement, Ipsl Gif-sur-yvette (France) (5) University Of Cologne, Institute Of Geology And
Mineralogy Cologne (Germany) (6) School Of Earth Sciences, University Of Melbourne Melbourne
(Australia) (7) Ingv Pisa (Italy) (8) lgg-cnr Pisa (Italy)

Contact: eleonoraregattieri@gmail.com

The Last Interglacial, roughly matching the Marine Isotope Stage 5e, is the closest interglacial to the present
one and one of the best documented in different polar, marine and terrestrial archives (Govin et al., 2015
and references therein). Already marine and terrestrial proxies in the North Atlantic have revealed
substantial climate variability during the period of MIS 5e full interglacial. However, there are few
chronologically well-anchored continental records documenting the MIS 5 climatic history over the
Mediterranean (e.g. Drysdale et al., 2005; Regattieri et al., 2014), an area which has been shown to be
particularly sensitive to global changes (Giorgi and Lionello, 2008). Here we present four multiproxy records
(stable isotope and elemental composition) from continental carbonates (speleothems and lacustrine
sediment) from mountain sites along the Apennine chain (Corchia and Tana che Urla caves and Sulmona
and Fucino basins, central Italy), each having an independent, radiometric chronology. The comparisons
among the records give a total-replicated and coherent framework of climate and environmental variability
for the period 130-90 ka, and highlight the presence of pervasive, millennial-scale changes in the
hydrological regime within the MIS 5e full interglacial. Drysdale R.N., Zanchetta G., Hellstrom J.C., Fallick
A.E., Zhao J.X. 2005. Stalagmite evidence for the onset of the Last Interglacial in southern Europe at
129+/4"'1 ka. Geophysical Research Letters 32: 1-4. Giorgi F., & Lionello, P. (2008). Climate change
projections for the Mediterranean region. Global and Planetary Change, 63(2), 90-104. Govin A., Capron E.,
Tzedakis P. C., Verheyden S., Ghaleb B., Hillaire-Marcel C., St-Onge G., Stoner, J.S., Bassinot F., Bazin L.,
Blunier T., N. Combourieu-Nebout N., El Ouahabi A., Genty D., Gersonde R., Jimenez-Amat P., A. Landais A.,
Martrat B., Masson-Delmotte V., Parrenin F., Seidenkrantz M.S., Veres D., Waelbroeck C., Zahn R. 2015.
Sequence of events from the onset to the demise of the Last Interglacial: Evaluating strengths and
limitations of chronologies used in climatic archives. Quaternary Science Reviews, 129, 1-36. Regattieri E.,
Zanchetta G., Drysdale R.N., Isola I., Hellstrom J.C., Roncioni A. 2014b. A continuous stable isotope record
from the penultimate glacial maximum to the Last Interglacial (1594€“121ka) from Tana Che Urla Cave
(Apuan Alps, central Italy). Quaternary Research 82(2), 450-461.
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Lake Ohrid, between the Former Yugoslavian Republic of Macedonia-FYROM and Albania, is a biodiversity
hotspot in the southern Balkans. Lake Ohrid, surrounded by mountains, is a sensitive archive for the study
of past environmental and climatic variability and is considered to be the oldest extant lake in Europe. At an
intermediate altitude of 693m Lake Ohrid is located between higher- and lower-latitude climate systems.
Within the framework of the International Continental Drilling Project, a deep drilling campaign was carried
out by the Scientific Collaboration on Past Speciation Conditions in Lake Ohrid (SCOPSCO) Project in 2013.
The initial results of the 569-m-long sediment sequence from the central DEEP site, show continuous
sedimentation with clear glacial-interglacial cycles spanning the past ~1.2 Ma (Wagner et al., 2014). The
chronology of the top 246m is based on eleven tephra layers and tuning biogeochemical proxy data to
orbital parameters (Francke et al., 2015). The pollen data presented here from the top 200m of the DEEP
site are the outcome of cooperative work between several European palynological laboratories. Major
vegetation and climatic changes of the past ~500 ka are documented at millennial-scale resolution (~1.6
ka). Observed alternations between forested and non-forested periods are in good correspondence with
glacial-interglacial cycles based on marine isotope stratigraphy (from MIS 1 to MIS 13). The continuous
record of glacial-interglacial vegetation shows that trees were growing in the Lake Ohrid catchment even
during glacial periods, suggesting that the lake basin has been a refugium for both temperate and montane
trees. Furthermore, a clear shift from relatively cool/humid interglacial conditions prior to ~288 ka BP to
warmer and drier conditions during recent interglacial periods (last ~130 ka), suggests changing patterns
toward a more Mediterranean type climate. This Mediterraneanization, which occurred between 245 and
190 ka (within MIS 7), is characterized by high forest variability during warm phases. Ongoing downcore
and high resolution analysis of the site will provide a more accurate correlation of the entire sequence with
other long southern European and Near Eastern pollen and Mediterranean isotope records. References:
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Francke et al. (2016) Biogeosciences 13, 1179-1196; Sadori et al. (2016) Biogeosciences 13, 1423-1437;
Wagner et al. (2014) Sci. Dril. 17, 19-29.
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Past climate proxies are typically nonlinear combinations of statistically independent or quasi-independent
processes, and are thus indirect indicators. In this study, we propose the method of Independent
Component Analysis (ICA) as a tool to extract statistically independent climate signals from m-XRF core
data. ICA's advantage over traditional dimension reduction methods is that, rather than uncorrelatedness,
it aims to achieve maximal independence which is a stronger statistical statement. In 2011, a 3.5 m long
Hz11-P03 core was recovered at a water depth of 54 m from Lake Hazar,SE Anatolia. According to our age
model, it spans the last 17.8 ka. A hiatus at 270 cm reveals that the lake level must have dropped by at least
54 m below its current level between 12.46 ka and 11.76 ka BP, which effectively masks any data for the
Younger Dryas stadial. Applying the ICA method, we selected two out of six independent components using
the distance correlation similarity measure. We propose that one of the selected components can be read
as a proxy for temperature and the other for precipitation in this region. Our results indicate that the region
was cold and humid between 17.8 ka and 14.8 ka BP but wet and warm during the BA lling-AllerA d. . At
the start of the Holocene, while precipitation values were high, the temperature gradually increased until 9
ka BP. Between 8 ka and 5 ka BP, the region was warm but extremely dry. Around 3.5 ka BP, temperatures
dropped suddenly and three abrupt dry phases are observed at around 3.5 ka, 2.8 ka and 1.8 ka BP. The
project is supported by the Scientific and Technological Research Council of Turkey (TUBITAK) project no.
(111Y045).
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LATE PLEISTOGENEOCENE ENVIRONMENTAL CHANGES ON SPERCHIOS-DELTA PLAIN
CENTRAL GREECE

Evangelos Tsakalosa)l ,Elias Dimitriou (2), Maria Triantaphyllou (3), Katerina Kouli (3), Margarita
Dimiza (3), Christos Anagnostou (4), Maria Kazantzaki (2)

(1) Hellenic Centre For Marine Research, Institute Of Inland Waters, Anavissos (Greece) (2) Laboratory Of
Archaeometry, Institute Of Nanoscience And Nanotechnology, National Centre For Scientific Research,
Demokritos, Athens (Greece) (3) University Of Athens, Faculty Of Geology And Geoenvironment,
Department Of Historical Geology-palaeontology, Athens (Greece) (4) Hellenic Centre Of Marine Research,
Institute Of Oceanography, Anavissos (Greece)

Contact: TSAKALOS.E@GMAIL.COM

The coastal areas of the Mediterranean have been extensively affected by thetransgressive event that
followed the Last Glacial Maximum, with many studies conducted regarding the Holocene stratigraphic
configuration of several deltaic successions around the Mediterranean. The Sperchios delta plain is located
in central Greece and covers an area of 121.5 km2. This is an important area to study the development of
Holocene deltaic settings due to its low relief that allowed the sea to cover extensive zones, and to deposit
a large amount of sediment in its perimarine environments. In this study, a multidisciplinary approach,
combining sedimentological, micropalaeontological (foraminifera and ostracods), palynological, and
geochemical analyses, is applied to reconstruct the palaeoenvironmental conditions and the strict
relationships between the different proxies and associated depositional settings in the Sperchios delta plain
during its development. We also present an improved, robust chronological model which builds on the
previous set of luminescence dates produced in the area. This model is based on 10 new chronological
dates and includes a number of validation tests. In this regard, the produced information will put additional
strain on the widely accepted consensus regarding a consistent late Pleistocene to Holocene stratigraphic
configuration of Mediterranean deltas while at the same time further contribute to the development of an
evolutionary model of Mediterranean low-lying coastal areas subject to rising sea level rates.
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ATMOSPHERIC DYNAMICS LEADING TO WEST EUROPEAN SUMMER HEATWAVES DUR
PAST CENTURIES
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The European summer heatwaves have been increasing in frequency and magnitude in the past decades. In
western Europe, the recent summers of 2003 and 2015 were exceptionally warm. Many studies have
shown that the genesis of the major heat events of the last decades was linked to anticyclonic atmospheric
circulation and to spring precipitation deficit in southern Europe. Such results were obtained for the second
part of the 20th century and projections into the 21st century. We challenge this conceptual model by
investigating an ensemble of 20CR reanalyses from the last part of the 19th century. We propose an
innovative description of west European heat events. We argue that the atmospheric circulation patterns
leading to the most intense heat events have changed during the last century. We also compare outputs of
the historical experiment from CMIP5 (Coupled Model Intercomparison Project phase 5) with reanalysis
datasets (20CR, ERA20C)to assess how models simulate such events.
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HIGHRESOLUTION MULTI PROXERVES OF CLIMATE CHANGES DURING THE PAST 140(
YEARS FROM LAKE SALDA SEDIMENT RECORDS (SW TURKEY).
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In this research, we present high-resolution multi proxy evidences of past climatic records from Lake Salda,
SW Turkey. Lake Salda is a tectonic and alkaline lake located at an elevation of 1180 m asl. Dating methods
based on Pb-210, Cs-137 and C-14 indicate that the sediment cores cover the period between AD 613 and
AD 2014 with a resolution at decadal-centennial scale. Our analytical methods are based on XRF, MS,
TOC/TIC and stable isotopes (0-18 and C-13). Substantial dry-wet spells and oscillations for the past 1400
years have been identified. An attempt towards determining the relation between climate change and solar
forcing through comparison between Lake Saldad€™s Ca (cps) records with atmospheric C-14 and Be-13
revealed synchronous fluctuations. As a result, the region was dry (wet) during low (high) atmospheric C-14
and Be-13 deposition. Furthermore, comparison between Lake Salda records and records from Lake Nar
and Sofular Cave reveals similar climatic fluctuations. Therefore, we claim that the main driving mechanism
of climate change for the last 1400 years is the changes in solar activity. The project is supported by the
Scientific and Technological Research Council of Turkey (TUBITAK; project no. 113Y408) and Research
Council of the Mugla Sitki Kocman University (Project No. 15/073).
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MEDITERRANEAN SEA CIRCULATION DURING YOUNGER DRYAS AND S1A SAPROPEL
DEPOSITION INTERVALS: A NUMERICAL APPROACH
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The Mediterranean Sea has experienced different climatic conditions during the past geological periods,
and as a result its thermohaline circulation varied accordingly. This study presents potential circulation
patterns of the Mediterranean Sea during the Younger Dryas and the Sla sapropel deposition intervals,
produced by numerical simulations using an Oceanic General Circulation Model. Radiative forcing varied
based on orbital reconstructions, providing different insolation values for each period. The reproduction of
paleo air-sea fluxes was based on marine cores' reconstructed data. The model was permitted to drift freely
till convergence to reconstructed sea-surface values, and the arising diagnosed fluxes were used. The Black
Sea was assumed to be still separated from the Mediterranean. The model results exhibit considerable
agreement with the marine cores' reconstructed data; the assessment is based on the sea temperature and
salinity spatial gradients. The outputs showed different density vertical profiles between the experiments, a
fact revealing different circulation patterns. Our simulations suggest that during Younger Dryas, the
Mediterranean Sea, characterized by low temperatures and high salinities, was a well-mixed concentration
basin, with low stratification throughout the water column. The water residence time in the eastern basin
was calculated to a few decades. Under the wet and warm conditions of S1a sapropel deposition, the
Eastern Mediterranean exhibited strongly stratified vertical profiles, especially in the lonian and Levantine
basins, with the sea circulation being limited to the upper layers. During that period the intermediate and
deep waters' density of eastern basin was lower than the western. The Eastern Mediterranean Sea was
characterized by a thermohaline circulation of an "opposite" phase to the modern one, i.e. behaving as a
dilution sub-basin. Its water residence time was calculated to be higher than three hundred years.
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LONGITERM HYDROLOGICAL VARIABILITY OVER NORTHERN ITALY FROM IONIAN SEA
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We use a high-resolution foraminiferal deltal80 record from a sediment core in the lonian Sea to
reconstruct for the first time the North Italian hydrological variability on millennial-scale. We focus on the
Po River, which inherently integrates information about regional climate hydrological variability since its
catchment encompasses a large part of Northern Italy. Using the 200-year-long historical discharge record
and oceanographic measurements along the Adriatic Italian coast, we demonstrate that the Po River
discharge undergoes robust decadal fluctuations that reach the lonian Sea, ~1000 km South of Po River
delta, through propagating salinity anomalies. We show that these anomalies are recorded in lonian Sea
sediments as foraminiferal deltal80 decadal-scale variations that we measured over the last 2000 years.
This allows for reconstructing the Po river discharge back into the past and showing that the highly
significant decadal variability persists over the last two millennia. Archival reports on floods in the Po basin
during the last two millennia corroborate the hydrological variations depicted by our reconstruction. The
maximum reconstructed amplitudes occur around the 16th and 17th centuries and correspond to an
exceptional series of documented floods which struck Northern Italy. On the other hand, periods of weak
reconstructed amplitude coincide with periods when no flooding events were reported. Our study provides
the first millennial-scale reconstruction of the strength of decadal hydrological variability over Northern
Italy.
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TRENDS OF TEMPERATURE AND PRECIPITATION IN THE APULIA REGION (ITALY) FOR'
DECADE
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This work is devoted to the study of the evolution of seasonal temperature and precipitation for the period
2006-2015 in the Apulia region. Apulia is located in the south-east Italy and has a typical Mediterranean
climate with mild winters and hot-dry summers. The analysis will be based on monthly temperature and
precipitation data available from the Servizio Idrografico Regione Puglia network stations. Standard quality
control tests will allow to select data to be used to reconstruct temperature and precipitation evolution in
the region. Our aim is to extend the work by Lionello et al. (2014, Reg Environ Change 14, 2025-2038) who
analysed seasonal variability for the period 19513€“2005. They found that mean annual minimum
temperature (Tmin) warmed at 0.18A°C/decade, while no significant warming trend was found for the
mean annual maximum temperature (Tmax). However, rates of temperature change were more strong
during the last decades of the century, when Tmin and Tmax increased at a very high rate (0.45A°C/decade
and 0.47A°C/decade, respectively). As for precipitation, they found a statistically significant decline in total
annual rainfall (-23.9 mm/year) for the period 19515€“2000. Here, by extending the analysis to the next ten
years (2006-2015), our goal is to check these trends toward warmer and drier conditions which, if
confirmed, may have critical effects on water resources of the Apulia region. Particular attention will be
given to weather and climate extreme events which could affect those sectors (such as agriculture) which
are potentially vulnerable to climate change.
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THE LAST INTERGLACIAL-RESBLUTION POLLEN RECORD FROM LAKE OHRID
(FYROM/ALBANIA)
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The long sediment record of Lake Ohrid (FYROM/Albania) turned out to be an important contribution to the
knowledge of long-term climate and vegetation dynamics occurred in the Balkans in the last 1.2 million
years. The composite DEEP lacustrine record reached a length of 569 m. The cores are studied in the frame
of an international cooperation. Palynology was and is carried out on a variety of timescales. The first step
was the publication of a skeleton diagram, with samples at about 1600 years resolution (Sadori et al. 2016)
covering the last 500 ka and the top 500 m. The age model of this part of the core was based on 10 tephra
layers and on tuning of different proxy data to orbital parameters (Francke et al. 2016). At present the
whole pollen group, composed by specialists working in several European laboratories, is working on the
completion of the skeleton diagram. Specific teams are working to obtain high-resolution data (with
samples every about 400 years) on selected periods. Here we present the data obtained for the last
interglacial, already multidisciplinary investigated, and with chronology carefully tuned (Zanchetta et al.
2016). The surroundings of the lake during the Eemian were featured by mesophilous communities
prevailing on montane ones and by less Mediterranean taxa than expected. Forests were mainly
characterized by expansion of Q. cerris type and Q. robur type together with Abies and Pinus. - Francke A.,
Wagner B., Just J., Leicher N., Gromig R., Baumgarten H., Vogel H., Lacey J. H., Sadori L., Wonik T., Leng M.
J., Zanchetta G., Sulpizio R., Giaccio B. 2016. Sedimentological processes and environmental variability at
Lake Ohrid (Macedonia, Albania) between 637 ka and the present. Biogeosciences 13, 1179-1196. - Sadori
L., Koutsodendris A., Panagiotopoulos K., Masi A., Bertini A., Combourieu-Nebout N., Francke A., Kouli K.,
Joannin S., Mercuri A.M., Peyron O., Torri P., Wagner B., Zanchetta G., Sinopoli G., Donders T.H. 2016.
Pollen-based paleoenvironmental and paleoclimatic change at Lake Ohrid (SE Europe) during the past 500
ka. Biogeosciences, 13, 14233€“1437. - Zanchetta G., Regattieri E., Giaccio B., Wagner B., Sulpizio R.,
Francke A., Vogel H., Sadori L., Masi A., Sinopoli G., Lacey J. H., Leng M. J., Leicher N. 2016. Aligning and
synchronization of MIS5 proxy records from Lake Ohrid (FYROM) with independently dated Mediterranean
archives: implications for DEEP core chronology, Biogeosciences 13, 2757-2768.
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SHIFT IN EVAPORATIVE REGIME INTENSIFYING RECENT HEAT EXTREMES IN SOUTHE,
EUROPE

Maria Knaus (1), Dim Coumou (1), Alexander Robinson (1,2,3)

(1) Potsdam Institute For Climate Impact Research Potsdam (Germany) (2) Universidad Complutense De
Madrid Madrid (Spain) (3) Instituto De Geociencias Madrid (Spain)

Contact: knaus@pik-potsdam.de

The Mediterranean region (MED) has experienced an over-proportional increase in summer heat extremes
during the last few decades compared to other regions. CMIP5 models however clearly underestimate the
observed increase in summer temperature variability over the region, highlighting the need for a better
understanding of the underlying physical drivers. For example, the role of land-atmosphere feedbacks may
have recently become more important due to the heat amplifying effect of dry soils. Here we investigate
the effect of soil moisture changes on summer temperature extremes in the southeast European region
(SEE). We include evaporative fraction in our analysis as an indicator for causality and analyze the temporal
evolution of soil moisture-temperature interactions since 1979. Our findings indicate a shift in evaporative
regimes during the late 20th century, which has triggered the regiona€™s strong sensitivity to a negative
soil moisture-temperature coupling. We show that in SEE, summer dryness has significantly contributed to
recent summer heat extremes by limiting the effect of evaporative cooling. We thus conclude that land-
atmosphere feedbacks have been an important driver for recent record-breaking heat waves and made the
occurrence of the 2012 a€ce3-sigmaad€ll summer heat extreme much more likely. We further find a distinct
soil moisture signal in CMIP5 model simulations in relation to summer temperature anomalies. Based on a
comparison with observations, we identify a reduced ensemble of 6 models that are most suitable for
estimating summer heat extremes in the SEE region.
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HOLOCENEAMNT LANDSCAPES OF WEST ATTICA (GREECE): FROM A CLIMATE CONTRO
VEGETATION TO THE MODERN CULTURAL LANDSCAPE.
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Elefsis bay is located in northern Saronikos Gulf, at a geomorphological embayment between Attica and
Salamis Island. Given its restricted communication -through two shallow straits- to the open Saronikos Gulf,
its water depth -that does not exceed 35 m- and its vicinity to west Attica, Elefsis bay is very sensitive
archive for the study of both marine and terrestrial environmental variability. From the deepest part of
Elefsis bay, at a water depth of 35 m, a 3.42-m-long gravity core (5S2P) was recovered by the R/V Aegaeo of
the Hellenic Centre for Marine Research (HCMR). High resolution palynological analysis of the top 200 cm
of core S2P provides concrete evidence on vegetation dynamics and prevailing environmental conditions in
the area of Western Attica since the base of the Holocene. The complete absence of marine dinoflagellate
cysts and foraminifera linings from the base of the sequence until 245 cm and their continuous occurrence
in high abundances upcore, marks the marine transgression in Elefsis bay, already identified by previous
geochemical, sedimentological and micropalaeontological (foraminiferal) analysis of the sediments. In the
base of our pollen record the transition from initially open woodland vegetation with deciduous oaks and
significant presence of Pistacia indicating the onset of Holocene, to a dense deciduous oak and then oak-
hoarnbeam mixed forest is evidenced. Late Holocene is characterized by the expansion of pines and a
retreat of deciduous forest vegetation, while altitudinal forest vegetation exhibits significant fluctuations.
The first detected sign of the impact of human activities on vegetation in the area is a mid-Holocene
increase of Olea, while during the last ~3000 BP a clear human shaping of the landscape is recorded. As our
record is one of the very few existing continuous palaeoenvironmental archives in an area that bear a long
history, its further study will improve our understanding of natural and anthropogenic climate variability
and the impact of abrupt climate changes on human societies.
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COUPLING PALEOCEANOGRAPHIC AND PALEOCLIMATIC DATA OF THE NORTH AEGEA
THE LAST 2000 YEARS.
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During the last decades, a variety of scientific studies have shown and supported that marine sediments
preserve a wealth of information for the reconstruction of ocean and climate history in the form of their
microfossil assemblage, organic matter, elemental and isotopic composition of fossils. Nowadays, it is
possible to combine data from marine sediment analysis and climatic models to provide even more
information about the paleoceanographic and paleoclimatic conditions of an area of interest. This research
focuses on reconstructing past climatic changes of the North Aegean, due to its unique physical and
geographic characteristics with the use of climate models and marine fossil analysis. The high resolution
marine record established for the past 1500 years in the North Aegean Sea, Greece (multicore M2, Athos
basin, 1018 m depth) was used to provide palaeoclimatic data from the fluctuations of the isotopic signal of
the planktonic foraminifer Globigerinoides ruber. In addition, changes in dissolved oxygen concentrations in
the pore and bottom waters at the same site, were obtained by relative abundance of the benthic
foraminiferal low oxygen indicators and the subsequent calculation of Low Oxygen -index. The climatic
model data were provided from the simulations of the Coupled Model Intercomparison Project (CMIP5) for
the last 2000 years. In particular, the MPI-ESM-P-p2k, the MPI-ESM-P r1 and the CCSM4 r1 simulations for
this specific area were analyzed on annual and seasonal resolution. Via the analysis, short-term changes in
temperature and humidity were examined and correlated with the 1" 180G.ruber isotopic signal in relation
to alkenone Sea Surface Temperature record, the upper water column Stratification index and the bottom
waters Low-Oxygen index. Through this multi proxy methodology the climatic conditions of the Roman
Period, the Dark Ages, the Late Antique Little Ice Age, the Medieval Climate Anomaly and the Little Ice Age
were sufficiently coupled with the paleoceanographic-paleoclimatic reconstruction for the North Aegean
Sea.
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EVALUATION OF CORDEX HIGH RESOLUTION RCMS OVER THE MEDITERRANEAN BAS
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Understanding the impacts of climate change in the Mediterranean is quite challenging due to the complex
morphological, geographical, historical and societal characteristics of the region. The majority of the studies
examine the climate change impacts in the specific region with the use of regional climate models under
high horizontal resolutions and different future emissions scenarios. In addition, an important feature of
the recent and ongoing regional model development is the evaluation and quantification of model
performance by comparison against reference data. In this study we evaluate a set of RCM historical
simulations carried out in the framework of EURO-CORDEX and MED-CORDEX. The horizontal resolution of
the simulations is about 12km (0.110) and covers the period 1980-2005 on a daily basis. We focus on two
variables, temperature and precipitation, while as a reference data set we use the state-of-the-art publicly
available E-OBS gridded dataset as well as available station data for both variables. Beside from the analysis
of seasonal mean biases for each experiment separately as well to an ensemble of them, we also apply
trend analysis on climatic indices regarding the maximum and minimum temperatures and precipitation.
The analysis reveals that the models tend to reproduce quite well the observed patterns of temperature
whereas a more variable behavior is shown for precipitation.
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PALEOENVIRONMENTAL EVOLWUNDBSEA LEVEL CHANGE IN SARONIKOS GULF (PIRAEU
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Maria V. Triantaphyllou (1), Kosmas P. Pavlopoulos (2,3), Katerina Kouli (1), Olga Koukousioura (4),
Margarita D. Dimiza (1), Elina Aidona (5) r@=8yrides (4), Alexandra Gogou (6), Aristomenis P.
Karageorgis (6), Stella Kyrikou (1), Aggelos Pallikarakis (7), Odysseas Archontikighiilippkan

Goiran (8), Christos Anagnostou (6), Eric Fouache (2)

(1) University Of Athens, Faculty Of Geology And Geoenvironment, Department Of Historical Geology-
paleontology Athens (Greece) (2) Paris-sorbonne University Abu Dhabi, Department Of Geography And
Planning-umr 8185 Enec Abu-dhabi (United Arab Emirates) (3) 3harokopion University Athens (Greece) (4)
Aristotle University Of Thessaloniki, School Of Geology, Department Of Geology Thessaloniki (Greece) (5)
Aristotle University Of Thessaloniki, School Of Geology, Department Of Geophysics Thessaloniki (Greece)
(6) Hellenic Centre For Marine Research, Institute Of Oceanography Athens (Greece) (7) Agricultural
University Of Athens, Department Of Natural Resources Management & Agricultural Engineering Athens
(Greece) (8) Centre National De La Recherche Scientifique (cnrs), Umr 5133-archA©orient, Mom Lyon
(France)

Contact: mtriant@geol.uoa.gr

The joint application of benthic foraminifera, pollen and non-pollen palynomorphs, molluscs and magnetic
susceptibility analyses in Piraeus coastal plain deposits resulted in the detailed study of
palaeoenvironmental evolution of the area during the Holocene. The main factors that feature the
evolution of the Piraeus coastal landscape have been described as the relative sea level rise in the Holocene
due to glacio-hydro-isostatic changes, the tectonic stability of the area and the progradation of deltaic fans.
Benthic foraminiferal assemblages at the lower part of the sequence revealed the dominance of Ammonia
tepida coupled with increased presence of Haynesina germanica and molluscan species Cerastoderma
glaucum, Abra spp. and Hydrobiidae, suggesting a typical inner lagoonal environment after 8700 BP. In the
same interval, palynomorphs indicate soil erosion and increased riverine runoff. The high values of
magnetic susceptibility confirm closed lagoon paleoenvironmental conditions. A gradually improved
communication with the sea is recorded till 7800 BP, in the Early Neolithic. In the pollen spectra, the
profound short-lived abundance peak of Abies and Artemisia may be related to a climatic deterioration
event; the increase of Cerealia-type towards the upper part of this unit signals the first farming
communities in the area. Between 6800 and 5400 yr cal. BP, benthic foraminiferal assemblages and mollusc
fauna suggest a shallow marine palaeoenvironment. In accordance, magnetic susceptibility values are low
indicating the presence of marine deposits. Apparently, in this period Piraeus was an island in the centre of
a wide shallow marine bay. Since about 4800 BP a closed oligohaline lagoon is once more evidenced that
was used for grazing, as indicated by the coprophilous fungal remains of Sordaria and parasites. The human
presence is inevitably detected since the Early Bronze Age by the increase of cultivars like Cerealia-type and
Olea. After 2800 BP a marshy oligohaline depositional environment has been established. Magnetic
susceptibility shows maximum values, thus implying both fresh water input and anthropogenic impacts.
Cultivation and pastoral activities appear intensified during the Antiquity. A comparison with a well dated
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marine record recovered from the nearby shallow bay of Elefsis, contributes to accurate estimations for the
sea level rise rate in inner Saronikos gulf during the Holocene. At Elefsis bay the transition from aragonite-
rich palaeolake sediments to fine-grained marine aluminosilicates marks the period when sea flooded the

area.
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FOSSIL LAURACEOUS WOODS FROM THE EASTERN MEDITERRANEAN (LESBOS AND L
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Lauraceae is a family distributed worldwide with about 50 genera and more than 2500 species of mainly
evergreen woods and shrubs. The fossil Tertiary members of Lauraceae in Europe are important because
they are the most common trees and generally indicate warm climate with high humidity at the
atmosphere even during the coolest season. Laurinoxylon is a huge fossil genus for woods that cannot be
directly related to a botanical genus. The microscopic study of the new lauraceous findings from Lesbos and
Lemnos Island (Greece, Eastern Mediterranean) discovered in 2011 and 2012 - along with the re-study of
Laurinoxylon holotypes from Czech Republic and Hungary - gave birth to a new identification key for fossil
lauraceous wood (Using idioblasts to group Laurinoxylon species - Case study from the Oligo-Miocene of
Europe. Mantzouka D., Karakitsios V., Sakala J. & Wheeler E. IAWA Journal, in press). The newly accepted
more natural classification of the large and rather artificial fossil genus Laurinoxylon is universal and
directly linked to the modern botany. The present study is focused on using the latter discussed
methodology as a good tool for further systematic and stratigraphic studies, but also for palaeoclimatic
estimations used both by palaeontologists and geologists.
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The Eastern Mediterranean Transient (EMT) occurred in the Aegean Sea from 1988 to 1995 and is the most
significant intermediate-to-deep Mediterranean overturning perturbation reported by instrumental
records. The EMT was likely caused by accumulation of high salinity waters in the Levantine and enhanced
heat loss in the Aegean Sea, coupled with surface water freshening in the Sicily Channel. It is still unknown
whether similar transients occurred in the past and, if so, what their forcing processes were. In this study,
sediments from the Sicily Channel document surface water freshening (SCFR) at 1910+12, 1812+18,
1725%25 and 1580+30 CE. A regional ocean hindcast links SCFR to enhanced deep-water production and in
turn to strengthened Mediterranean thermohaline circulation. Independent evidence collected in the
Aegean Sea supports this reconstruction, showing that enhanced bottom water ventilation in the Eastern
Mediterranean was associated with each SCFR event. Comparison between the records and multi-decadal
atmospheric circulation patterns and climatic external forcings indicates that Mediterranean circulation
destabilisation occurs during positive North Atlantic Oscillation (NAO) and negative Atlantic Multidecadal
Oscillation (AMO) phases, reduced solar activity and strong tropical volcanic eruptions. They may have
recurrently produced favourable deep-water formation conditions, both increasing salinity and reducing
temperature on multi-decadal time scales.
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Modern and paleo-oceanographic studies highlight the Mediterranean as a climate sensitive region,
influenced by both regional and global atmospheric circulation patterns. Within this, the Aegean Sea is
characterized by complex atmospheric and hydrologic systems, with effects of atmospheric cooling on
water mass formation and inflow of Black Sea water and southern European rivers in its northern
borderlands. Here we present a high-resolution multi-proxy study of five sediment cores collected from the
north, central and SE Aegean Sea and the open NE Mediterranean. Fluctuations in alkenone-Uk37 SSTs and
multi-proxy indices in our records - including various elemental, isotopic, organic geochemical,
micropaleontological and palynological proxies - reveal the occurrence of several distinct warming/ cooling
events from the early to mid Holocene. Warm intervals, with most prominent the ‘Holocene Climate
Optimum’, linked to increased intensity of the African monsoons and expressed in the marine realm by the
deposition of sapropel S1 between ~10.0 to 6.4 ka BP (1). A secondary warm/humid phase was recorded
within the mid-Holocene (between 5.4 and 4.3 ka BP), as witnessed by SSTs rise in all records, and the
deposition of a sapropel-like layer in our SE Aegean record (2). Repeated cooling events, centered at 8.6,
8.2,7.8, 7.4 ka, followed by cold spells at 7.0, 6.8, 6.5 ka were probably driven by strengthening of north
winds over the Aegean via atmospheric teleconnections (1, 3). According to our proxy-evidences, the highly
fluctuating SSTs during those events led to re-ventilation of deep waters and interruptions in the S1
deposition. A paleoclimatic study for the last 1500 years in the northern Aegean, based on multi-proxy
reconstructions from the Medecos-II-M2 high resolution multi-core record revealed various warm and cold
intervals, linked to the northern hemisphere and the global scale variability patterns (4). In respect to our
findings, the current warming in the reconstructed SSTs might be unprecedented in the context of the past
1500 years. (1) Marino et al., Quaternary Science Reviews 28, 3246—3262 (2009) (2) Triantaphyllou et al.,
Regional Environmental Change 14, 1697-1712 (2014) (3) Triantaphyllou et al., Geo-Marine Letters 36, 51-
66 (2016) (4) Gogou et al., Quaternary Science Reviews 136, 209-228 (2016)
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Natural, marine conditions, such as SST, productivity, precipitation and dust fluxes along with
anthropogenic stress, affect seawater chemistry and are recorded in the shells of marine calcifying
organisms. The reef builder vermetid D. petraeum is a sessile gastropod, secreting its aragonite shell in the
tidal zones of the warm belt of the Mediterranean Sea, a region under high anthropogenic stress, thus a
hotspot for climate change studies. Similar species are also abundant along the coasts of Florida, Bermuda
and Brazil. We obtained cores from vermetid reefs across the Mediterranean Sea (Israel, Crete, Sicily and
Tunis), dated to the last millennium. We subsampled these cores at resolution of 3-6 years, and analyzed
them for stable isotopes (?213C, ?2180) and elemental concentration (Ca, Na, Sr, Mg, Al, K, Mn, Fe, Cu, Zn,
Ba, U, Cr, Co, Ni, V, Rb, Pb, Li, B, Mo, Cd). ?13C and ?*180 from the eastern Mediterranean were used to
reconstruct seawater carbonate chemistry and SST following Sisma-Ventura et al. (2014). Element to
calcium (El/Ca) molar ratios of recent samples are mostly in agreement with known values for marine
biogenic aragonites. The trace elements results show a general partition into two major groups. The largest
group of elements (Al, Fe, Mn, Co, Ni, Li, Ba, Mo, V, K, Rb) is associated with terrestrial sources to seawater
such as atmospheric dust deposition, silicate erosion and fluvial input. Most of these elements show
general decreasing trends of El/Ca ratios during the last millennium. The second group (Sr, U and Mg)
exhibits temporal variability which resembles the Eastern Mediterranean SST trend for this period. The
results of some elements show spatial variability across the Eastern and Central Mediterranean Basins.
Pb/Ca of Israeli and Tunisian cores follows the known trend of anthropogenic lead pollution, while the
Sicilian and Cretan cores show non-anthropogenic signals. Measured ?2180 from Israel, Crete, Sicily and
Tunis follows a clear east to west gradient, resembling that of the temperature gradient in the
Mediterranean basin.
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CLIMATE CHANGE, VARIABILITY AND DROUGHTS: OBSERVATIONS, IMPACTS AND
ADAPTATION MEASURES

Marco Turco (1)
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Ecosystems and human societies in the Mediterranean region this region are strongly impacted by weather
driven natural hazards, such as droughts and heatwaves, which are expected to increase in frequency and
amplitude under climate change. Whilst newly available datasets and recent research efforts have
significantly boosted our knowledge of past trends in Mediterranean, the analysis of observed changes in
climate extremes still shows a rather controversial picture. Here | present an updated review of the
observed past evolution of climate extremes and droughts, based on an assessment of the observed
climate-change hotspots (1), taking into account the differences in a range of precipitation and
temperature statistical parameters (mean, variability, and extremes). Natural vegetation, agricultural
production and forest fires are significantly influenced by climate variability and extremes. An increasing
number of studies advancing the understanding on the impacts of climate variability/droughts on crop
production and on forest fires have been recently published (see e.g. 2, 3 and 4) and are discussed here.
These studies represent a necessary step to assess the resilience of ecosystems and agricultural production
systems to future climate conditions with adaptation measures taken on monthly to seasonal and decadal
time scales. Seasonal climate forecast, when provided in a climate-services context, can enable a more
effective adaptation to climate variability and change, offering an under-exploited opportunity to minimise
the impacts of adverse climate conditions. Examples addressing the seasonal prediction of fire risk (5) and
crop yield (6) will be briefly described. REFERENCES: (1) Turco, M., et al. Observed climate change hotspots.
Geophys Res Let (2015) (2) Turco, M., et al. Climate change impacts on wildfires in a Mediterranean
environment. Clim change (2014) (3) Turco, M., et al. Recent changes and relations among drought,
vegetation and wildfires in the Eastern Mediterranean: the case of Israel. Global Planet Change. Revision
pending (2016a) (4) Ceglar, A., et al. Impact of meteorological drivers on regional inter-annual crop yield
variability in France. Agricultural For Meteor (2016). (5) Marcos, et al. Seasonal predictability of summer
fires in a Mediterranean environment. Int. J. Wildland Fire (2015) (6) Turco, M., et al. Seasonal predictability
of meteorological drought over Europe. In preparation. (2016b)
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The presentation is focused on showing the transference of knowledge on climate change from the
scientist and expertise groups to the policymakers and society. As case of study, the Experts Group on
Climate Change of Catalonia (GECCC) and the Catalan Advisory Council for Sustainable Development (CADS)
are presented. The first one, created with the objective of prepare the First Report on Climate Change in
Catalonia in 2005, has nowadays more than 60 members, that mainly come from universities and research
centers, but also from the industry and economic activity. The CADS is a boundary organization between
Science and Decision-Making. Attached to the Catalan Government, its 16 members are fully independent
and a great part of them do research in Public Universities and/or Research Centers. The council was
created in December 1998 and its mission is to contribute to the transition of Catalonia towards sustainable
development. The members of CADS produce specific reports for the Catalan Government, or assess new
procedures, strategies, plans or programs, and future legislation from the sustainability and climate change
perspective. This is the case of the new Law on Climate Change. Due that sustainable development is a
wide topic, the council has established some expert groups which gathers some of the most reputed
experts in Catalonia (for instance on water, energy or circular economy). The cooperation with these
experts allows the council to enrich their reflections to the government and, once again, contributes to
bridge the gap between Science / Research and Policy-making. In the case of climate change, the CADS also
have a very strong and fluent collaboration with the GECCC. With the aim of prepare the Third Report on
Climate Change in Catalonia (TICCC), that will be present next autumn 2016, the Interdepartmental
Commission on Climate Change of the Catalan Government decided to set up an interdisciplinary working
group coordinated by the CADS and the GECCC. Following the IPCCC schema, this report is mainly organized
into three major areas: 1) The scientific basis of climate change: past climate change trends in Catalonia,
assessment of climate balances, regional carbon sinks, and future projections; 2) Impacts and vulnerability
of the biophysical environment: climate-related risks, impacts and interactions with water resources,
coastal and terrestrial ecosystemes, soils, biodiversity and marine ecosystems; 3) Assessment of different
policy and social domains, and economic sectors (agriculture, fisheries, livestock, energy, industry, waste,
health, public perception, transport and mobility, land use, urban planning and housing, and mountain
systems). This third part also includes relevant legal framework, societal perception and research, as well as
an epilog with the main conclusions and the potential impacts in Catalonia of the COP-21 that was held in
Paris.
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The mixed layer in the Mediterranean exhibits large a large annual cycle, interannual variability and
widespread trends, including a widespread increase of its depth and temperature in the last three decades,
with the unique exception of cooling in spring. Mixed layer anomalies are particularly relevant for benthic
invertebrates, as their extremes may determine environmental conditions beyond the tolerance of some
species. This study is based on approximately 200,000 hydrographic temperature profiles available for the
Mediterranean Sea, including bottles, MBT, XBT and CTD, that were principally obtained from the
MEDAR/MEDATLAS database. Data have been processed with an automatic procedure to extract 4 simple
parameters describing the upper water column (mixed layer depth, temperature, thermocline base depth
and temperature). Results show clearly the link between mixed layer warm anomalies and mass mortalities
of benthic invertebrates. However, this study shows that past monitoring is not sufficient to clearly
demonstrate an impact of climate change on these mass mortalities and a systematic strategy combining
the observation of both ecosystem and physical indicators is required. (Refs: 1 Rivetti, I., Fraschetti, S.,
Lionello, P., Zambianchi, E., Boero, F., 2014. Global Warming and Mass Mortalities of Benthic Invertebrates
in the Mediterranean Sea. Plos One 9(12), e115655.; 2 Rivetti, |., Boero, F., Fraschetti, S., Zambianchi, E.,
Lionello, P., 2016. Anomalies of the upper water column in the Mediterranean Sea. Global and Planetary
Change. Corrected proofs available online at, doi:10.1016/j.gloplacha.2016.03.001)
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A 30-year-long average monthly precipitation datasets from six catchment areas along the Upper Litani
River Basin (ULRB) in the Bekaa Vally, Lebanon, were analyzed to study spatial and temporal characteristics
of precipitation using the Standardized Precipitation Index (SPI) for drought classification in terms of
duration and intensity. While no significant decreases in seasonal rainfall (SPI-12) were observed for the six
catchment areas, negative trends were detected for autumn (SPI-3) and autumn-winter (SPI-6) months,
with positive trends observed for winter (SPI-3) and winter-spring (SPI-6), thus indicating a delay in the start
of the rainy season and a shift in rain occurrence towards the spring months (March through May). Results
also showed that dry periods have become longer while wet periods have shortened in time in the six
studied locations. Moreover, it was observed that rainfall intensity has increased along the valley, besides a
decrease in the rainy days. This tendency can be partially explained by the weakening of westerlya€™s
originating from northern and central Europe that dominates the eastern Mediterranean cost in winter. In
addition, results show that the frequencies of dry and wet years for the whole period (1981-2011) are
lower for the northern (Kferdan) and eastern (Rayak and Terbol) parts of the basin than the western (Ksara)
and southern parts (Kherbet Kanafar and Markabe) when calculated with the SPI algorithm. This was
consolidated by the trendsa€™ detection using statistical methods, which indicated negative trends for the
northern and eastern parts of the basin, whereas positive trends were found in the western and southern
parts, which are closer to the Mediterranean slopes. We concluded that the SPI can be used as a trigger to
describe the tendency of dryness and wetness cycles and narrate a climate impact assessment and drought
diagnosis. We suggest that high weather stationsa€™ density and data quality are very useful for describing
detailed changes in weather across the country. In response to actual or expected climatic stimuli or their
effects, adaptation measures in the water sector are urgently needed in Lebanon, including watershed
management, integrated surface and groundwater management, and water resources development.
Keywords: Standardized Precipitation Index, spatial rainfall pattern, temporal rainfall pattern, dryness,
wetness, Westerlya€™s.
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Mediterranean Sea level has been evolving differently from global sea level. Determined by local factors as
well as global contributions it shows significant differences both from sea level changes in the Northern
coasts of Europe and the global sea level tendencies. By using global sea level reconstructions as a
reference of global steric and mass addition forcing we explore the time evolution of sea level in the
Mediterranean Sea from tide-gauges and altimetry. Significant alteration of behaviour is noted and
whereas before the 1990s the Mediterranean Sea level was stagnant it increases faster than the global
average in the recent decades. The vulnerability of the Mediterranean coasts to such rates of rise is
explored by taking into account the tidal range and the sea level extremes available from observations and
model observations. The Mediterranean coasts are found to be significantly more vulnerable to sea level
rise than most other European coasts.
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Morocco is located between the arid regions of the Western Sahara and the Mediterranean and Atlantic
regions. Indices were computed based on a daily set of temperature and precipitation using a consistent
approach recommended by the Expert Team on Climate Change Detection and Indices. Trends in these
indices were calculated at 20 weather stations from 1970 to 2012. A large number of stations have
significant trends and confirm an increase in temperature, showing increased warming during spring and
summer seasons. The results also show a decrease in the number of cold days and nights and an increase in
the number of warm days and nights. Increasing trends have been found in the absolute warmest and
coldest temperatures of the year. A clear increase is detected for tropical nights and diurnal temperature
range. Eight indices for precipitation were also analyzed. In general, the trends for the precipitation indices
are much less significant than for temperature indices and show more mixed spatial patterns of change.
Heavy precipitation events do not exhibit significant trends except at a few locations in the north and
central parts of Morocco, with a general tendency towards drier conditions. In order to investigate the
future climate characteristics, we compared four different regional climate model (RCM) simulations
participating in EuroCORDEX (KNMI, IPSL and CLM) and MedCORDEX (CNRM) experiments. All simulations
are available at a 12 km spatial resolution. The use of high-resolution models at 12km allows a good
reproduction of orography. An evaluation of the ability of the different RCMs to reproduce climate indices
of extremes indices in Morocco is first performed. To assess model performance, we use metrics such as
Taylor diagrams to quantify the overall correspondence between simulated and observed fields. Overall, on
most indices the four RCMs driven by reanalysis data are able to reproduce the spatial patterns and the
inter-annual variability. The average projections provided by the four models are considered to provide an
overview of projected changes in climate extremes indices defined by the ETCCDI. We present the results
for two RCPs (4.5 and 8.5) and for two time period (2036-2065 and 2066-2095). Temperature is projected
to increase in most parts of Morocco. For precipitation, most simulations agree on a decrease in
precipitation totals, in particular in southern regions. For extreme precipitation, a much lower agreement
between models is found
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Frequencies of heavy precipitation events potentially threatening local infrastructures in the
Mediterranean region are inidentified from a multi-model ensemble of regional climate model simulations
conducted within the EURO-CORDEX framework. The simulations exhibit a horizontal resolution of
approximately 12.5 km. Climate change impacts are computed comparing results from present day and and
scenario (RCP 8.5 and RCP 4.5) greenhouse gas concentrations. We assume that precipitation in excess of
the local present-day 10-year return value is potentially damaging to infrastructure. This assumption is
based on legislation for the design of drainage systems in Central Europe and from European-wide rules for
railroad systems. An event based detection algorithm for extreme precipitation identifies events exceeding
the 10-year return value. It determines extent, location, duration and severity of the extreme precipitation
events. We distinguish between sub-daily events, which exceed the 3-hourly 10-year return level (events
with high precipitation intensities) and multi-day events, which exceed the 24, 48 and/or 72 hour 10-year
return levels (events with high precipitation amounts). 13 simulations were analysed with respect to multi-
day events. 3-hourly data for the analysis of sub-daily events was available for 7 simulations. Examined are
changes in event frequency, event duration and size. In contrast to most other European areas, the
simulations show a minimum in extreme precipitation during summer in the Mediterranean Region, while
the maximum is found during autumn. In the western Mediterranean region the number of multi-day
events is forecast to further decrease during summer. In the other Mediterranean areas and seasons the
multi-model ensemble predicts a slight increase in the number of multi-day events, which is much weaker
than in other European areas. For sub-daily events, however, all Mediterranean regions show a decrease in
the number of events during summer and a considerable increase during the colder seasons. The median in
the eventsa€™ spatial extension constant for multi-day events throughout the Mediterranean region but
increases for sub-daily events. For both types of events the most extreme events in terms of size, severity
and duration occur during the scenario period. This work has been conducted within the EU project RAIN
(Risk Analysis of Infrastructure Networks in response to extreme weather).
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Effective adaption and mitigation measures against the impact of anthropogenic global warming require
reliable estimates of future climate change. Coupled general circulation models (CGCMs) are still the most
appropriate tool to assess future changes. However, the climate projections of individual models differ
considerably, particularly at the regional scale and with respect to certain climate variables such as
precipitation. Model differences result from unknown initial conditions, different resolutions and driving
mechanisms, varying model parameterizations and emission scenarios. It is very challenging to determine
which model properly simulates future climate conditions. The aim of this study is to derive optimized
probabilistic estimates of future precipitation changes in the Mediterranean region from the multi-model
ensembles of CMIP3 and CMIP5. The analyses are carried out for the meteorological seasons in eight
Mediterranean sub-regions, based on the results of principal component analyses. To derive model-specific
weights which affect the probabilities of the projected precipitation changes, atmospheric predictor
variables for the statistical downscaling of Mediterranean precipitation are analyzed. Important key
predictors like sea level pressure, wind components, atmospheric layer thickness, and air humidity are
investigated for observation-based/reanalysis and modeled data. The ability of each analyzed CGCM to
represent the observed predictor-predictand relationships leads to specific model weights implying that
models which are closer to the observed results get higher weights than models with less realistic results.
To fulfill the requirements of temporal consistency and transferability to scenarios, the model weights are
calculated and then validated in independent historical time periods. Finally, the weights are applied to the
projected precipitation changes, whereby the greater (lower) weight of better (worse) models entails a
more reliable precipitation change signal in the Mediterranean region.
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The UNFCCC Paris Agreement of December 2015 aims d€ceto hold the increase in the global average
temperature to below 2 A°C above pre-industrial levels and to pursue efforts to limit the temperature
increase to 1.5 A°C above pre-industrial levels". At the scale of the Mediterranean basin, improved
reconstructions of climate and ecosystem variability over the 10 last millennia provide insights about the
implications of different warming thresholds for biodiversity and potential land use. For the different
emission targets related to the Paris Agreement, we compare scenarios of climate-driven change in land
ecosystems with spatio-temporal ecosystem dynamics reconstructed from pollen for the entire Holocene.
We conclude that, in one century or so, anthropogenic climate change will likely change Mediterranean
ecosystems in a way that nature has not been able to do in ten millennia. A significant expansion of desert
is expected for southern Europe and northern Africa. It is crucial to limit the CO2 concentration to 440
ppmv before 2040 and then to give a chance to the 1.5A°C scenario, which is the only one that allow biome
shifts to remain under the limits experienced during the Holocene. Warming by 2A° C will likely have an
effect rarely experimented during the Holocene (probability
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The increase in temperature and decrease in precipitation experienced the last years in the eastern
Mediterranean and the Middle East (EMME) due to climate change may have consequences for humans
and ecosystems, including agriculture. Agricultural production can be adversely influenced through
meteorological conditions that affect crop growth and yield. Here we study changes in the yield of durum
wheat in the EMME region due to projected changes in thermal and hydrological conditions, by applying
the Agro-Ecological Zones (AEZ) methodology. The climate input is produced from simulations by the
PRECIS regional climate model over the EMME domain at 25km resolution, driven by different SRES
emissions scenarios for the 21st century. Calculations of the crop yield are made by employing both steps
of biomass calculation of the AEZ methodology, which result to crop yield potentials with regard to
temperature, solar radiation and evapotranspiration regimes. Our outcome shows that for the period of
1961-1990 the highest durum yields are found in the Fertile Crescent and the coastal areas of eastern
Mediterranean Europe. The first region is projected to be negatively influenced by the additional heat due
to climate warming, while in the second area yield gains may be expected. Our implementation of the AEZ
methodology can use as input any set of gridded climate data and be applied to various crops, contributing
to regional assessments of climate change impacts on crop yields and food security.
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This study analyzes the multidecadal variability of the European summer timing and length. The dates of
the sum- mer onset and end are computed through an objective algorithm based on locally-defined
temperature thresholds applied to the E-OBS gridded dataset during the period 1950-2012. The results
reveal a European mean summer lengthening of 2.4 days decade-1 for the period 1950-2012. However, this
trend is confined to the post-1979 period, when lengthening rates range between 5 and 12 days decade-1
over western Europe and the Mediterranean region. On the contrary, a widespread summer shortening
occurred for the 1950-1978 period. The reported changes in the summer length are in agreement with
temperature trends during June and September, which affect the summer onset and end dates. We show
that the shortening and lengthening with a turning point around 1979 is a leading mode of the summer
length multidecadal variability. The trends in the summer length can be explained by the superposition of
an Atlantic Multidecadal Oscillation signal, and a long-term trend towards more persistent summers in
Europe associated to global warming.
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IMPACT OF CLIMATE CHANGE ON AGRICULTURAL PRODUCTION IN ALGERIA
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In this study, we provide inputs for the preparation of documents for assessing climate change impact for
Algeria. To demonstrate climate change in Algeria, a climate change detection is done by calculating climate
change indices, proposed by the Expert Team on Climate Change Detection and Indices (ETTCCDI).
Downscaled GCM outputs data for two contradictory scenarios (A2 and B1) are used to calculate the
changes in climate parameters. These changes are used to generate synthetic future data from a stochastic
weather generator, which can be used as inputs in an agricultural impact model. Finally, we showed that
Algeria is actually affected by climate change and the most affected sector is that of agriculture.
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The Middle East is one of the most vulnerable regions to the impacts of climate change. Because of the
importance of the region and its vulnerability to global climate change, the studies including the
investigation of projected changes in the climate of the Middle East play a crucial role in order to struggle
with the negative effects of climate change. This research points out the relationship between the climate
change and climate extremes indices in the Middle East and it investigates the changes in the number of
extreme events as described by the joint CClI/CLIVAR/JCOMM Expert Team (ET) on Climate Change
Detection and Indices (ETCCDI). As part of the study, the regional climate model (RegCM4.4) of the Abdus
Salam International Centre for Theoretical Physics (ICTP) is run to obtain future projection data. This
research has been supported by BogaziA§i University Research Fund Grant Number 10421.
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In this study, projected future changes for the period of 20213€“2050 in mean air temperature and
precipitation climatology and year-to-year variability with respect to the control period of 1971 “2000 were
investigated for the domain of Turkey and its surrounding regions via regional climate model simulations. In
order to investigate the projected changes in near future climate conditions, Regional Climate Model
(RegCM4.4) of ICTP (the Abdus Salam International Centre for Theoretical Physics) was driven by two
different global climate models. HadGEM?2-ES global climate model of the Met Office Hadley Centre and
MPI-ESM-MR global climate model of the Max Planck Institute for Meteorology were dynamically
downscaled to 10 km for Turkey and its surrounding regions. The projections were performed based on the
RCP4.5 and the RCP8.5 emission scenarios of the Intergovernmental Panel on Climate Change (IPCC). This
research has been supported by Bogazii University Research Fund Grant Number 10421.
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In the context of statistical downscaling of future climate change in the Mediterranean area, regression
models are often affected by nonstationary behavior. For this reason a new approach was developed in
order to take those varying predictor-predictand-relationships explicitly into account. By means of a Three-
step Censored Quantile Regression (TSCQR) precipitation extremes (1,,=0.9, 0.95, 0.99) were linked to the
large-scale circulation, using the Censored Quantile Verification Skill Score (CQVSS) to assess the quality of
the regression models. The Mediterranean area was divided into various seasonal (summer excluded)
precipitation regions by means of s-mode principal component analysis (s-mode PCA). For each region and
season, based on different selection criteria, a reference station was determined and used as predictand.
The large-scale predictors are represented by different circulation- and thermodynamic variables of the
NCEP/NCAR reanalysis dataset, which were subjected to an s-mode PCA in order to obtain centers of
variations. The PC scores of the centers of variations were used as predictor time series. By means of the
CQVsS, first the best variable combination for each reference station was determined and, subsequently,
the significant centers of variations of the respective variables. A combination of at most two predictor
variables was most suitable. The introduction of a third variable offered only a small gain of skill. The
centers of variations of the respective variables were only taken into account as predictors for further
analysis, if they were considered as significant (1+=0.01) for at least 95% of 100 31-year random samples.
For each reference station and season, regression models for 31-year running sub-periods, each shifted by
one year, were established and, subsequently, validated by means of the remaining years. Here, the
running CQVSS of the validation periods indicates the range of variability of the circulation-precipitation
relationships. In order to obtain information about possible reasons for non-stationarities within these
relationships, composites of the predictor fields were calculated and analyzed for the different sub-periods.
Within the scope of assessing future changes of heavy precipitation events, the composites of the
calibration periods were compared with the composites of 31-year running sub-periods of the 21st century
for each predictor separately. Subsequently, a multi-correlation coefficient was calculated based on the
different states of the atmosphere within the composites of the calibration and the future periods. The
regression model of the calibration sub-period, which has the highest correlation coefficient, was then used
to assess the quantiles of precipitation in the future.
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AND MULTSCENARIO PROJECTIONS

Piero Lionello (1,2), Dario Conte (2), Luigi Marzo (1)

(1) Disteba, Univ Of Salento Lecce (Italy) (2) Cmcc Lecce (Italy)

Contact: piero.lionello@unisalento.it

Future changes of sea level extremes, wave height and direction probability distribution provide essential
information for coastal management and protection. Changes of cyclone tracks and intensity are expected
to produce corresponding changes of the hazard level at the coast by complex mechanisms involving wind
speed and sea level pressure fields. To predict future evolution of storms, a set of multi-decadal regional
climate simulations have been used for driving a storm surge and a wave model. This contribution reports
the results of a set of seamless wave and sea level simulations covering the period 1950-2100 that have
been carried out for the whole Mediterranean Sea with forcings that have been produced by different
regional climate models under multiple emission scenarios (A1B, RCP4.5, RCP8.5). This large set of results
allows to describe the likely future changes of regional marine storminess and their uncertainty depending
on emission scenario, climate model and inter-decadal variability. Results show a widespread and
progressive future reduction of marine storminess in the Mediterranean Sea, with a clear climate change
signal in spite of uncertainties associated to the differences among various sets of forcing fields. A tentative
superposition of hazard level changes and morphology of the coastline is used for identifying parts that are
potentially at risk in the future.
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A new stochastic weather generator (WG) , which is able to produce realistic synthetic multi-variate multi-
site (gridded or irregularly distributed in space) daily (or monthly, or annual) weather series representing
both present and future climate conditions, is now being developed. The generator, whose model is based
on the Wilks' (1999) multi-site extension of the parametric (Richardsona€™s type) single site M&Rfi WG,
may be run in two modes: In the first mode, it is run as a classical generator, which is calibrated in the first
step using weather data from a number of sites distributed either regularly (grids) or irregularly (stations) in
space, and only then it may produce arbitrarily long synthetic time series mimicking the spatial and
temporal structure of the calibration weather data. To generate the weather series representing the future
climate, the WG parameters are modified according to the climate change scenario derived from GCM or
RCM simulation. In the second mode, the user provides only basic information (not necessarily to be
realistic) on the temporal and spatial auto-correlation structure of the surface weather variables and their
mean annual cycle; the generator itself derives the parameters of the underlying autoregressive model,
which produces the multi-site weather series. In the latter mode of operation, the user is allowed to
prescribe the spatially varying trend, which is superimposed to the values produced by the generator; this
feature has been implemented for use in developing the methodology for assessing significance of trends in
multi-site weather series. While the WG's second mode is a subject of another conference contribution
(EMS-2016 in Trieste), this contribution will focus on the first (classical) mode. The poster will (a) introduce
the model of the generator, and (b) present sample results obtained by applying the WG on selected
Mediterranean regions. In this experiment, the generator will be calibrated using the E-OBS gridded daily
weather data and modified by climate change scenarios derived from the RCM simulation (taken from the
CORDEX database). The focus will be put on the WG's ability to reproduce the spatial variability of surface
weather characteristics (WG validation), and on assessing its future changes.
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The Black Sea water budget, crucial to the thermohaline and ecological functioning of the basin, is very
sensitive to the variability of precipitation over its relatively large catchment area. Estimates of the Black
Sea water budgets of the past are available, as the required river inflows (as well as evaporation and
precipitation over the basin) are provided by models and reanalysis products. However, despite the
availability of air-sea flux projections for various future climatic scenarios for the region, it is not possible to
assess the water budget, as river inflow projections have not yet been estimated. We investigate the
possibility of producing Black Sea river inflow projections for the period 2006-2100, based on future
scenarios of precipitation over the catchment area. This is accomplished with the aid of an Artificial Neural
Network (ANN), reproducing non-linear relationships between rainfall over the catchment area and river
inflow, obtained by the HYPE hydrological model (HYdrological Predictions for the Environment), ran for the
period 1980-2006. Datasets of past monthly-averaged rainfall and riverine inflow are used as the ANN's
input, and the next time-step inflow as the output. The ANN is trained and tested using part of the dataset
as the training set and part of it as the testing set. Results show that the ANN reproduces river-inflow with a
good correlation to the expected, and moreover it reproduces most of the variability in the dataset, when
ran for the whole period using values of the year 1980 as initial conditions. Finally, the ANN is fed with
projected precipitation over the period 2006-2100 for various scenarios, for which river inflow estimates
into the basin are produced. The potential impact of the riverine contribution variability to the Black Sea
functioning are discussed based on our preliminary results.
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According to observations and the vast majority of global climate projections the Mediterranean region is
found to be one of the most prominent climate change hotspots. Since the horizontal resolution of global
models is still not adequate for impact and adaptation assessments of regional or national level, further
downscaling of climate information is required. The most recent, focused and complete effort is the
CORDEX initiative (Coordinated Regional Climate Downscaling Experiment) and particularly the
establishment of the MED-CORDEX domain. However, downscaling experiments over adjacent CORDEX
domains, such as the EURO-CORDEX and Middle East-North Africa (MENA-CORDEX) partially represent the
Mediterranean Basin and might still be useful in projecting and understanding climate change processes
over the broader region. In this study we investigate the performance of WRF model over the
Mediterranean as part of our 50-km MENA-CORDEX simulations forced by the ERA-Interim reanalysis. We
focus on surface variables (precipitation and temperature). Preliminary results for climate change
projections are also presented.
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In this work we present streamflow projections for the Guadalquivir basin (southern Iberian Peninsula)
under the climate change scenarios RCP 4.5 and RCP 8.5, for the periods 2051-2070 and 2071-2100. For this
end we use a coupling between the hydrological Variable Infiltration Capacity (VIC) model and the Weather
Research and Forecasting model (WRF). In VIC model land surface is modeled here as a grid of large and
uniform cells with sub-grid heterogeneity (e.g. land cover), while water influx is local, only depending from
the interaction between grid cell and local atmosphere environment. Water streamflow is obtained
separately from the land surface simulation, using the Routing Model, that collect the local water runoff
and reconstruct the global stream network from the elevation map. VIC model uses as input different
meteorological variables that are supplied by the WRF simulations. We performed a calibration of the most
relevant VIC model parameters using observed daily flows, for the decade 1988-1997. Here we coupled the
VIC model with observational climate data, obtained from SPAINO2 database. WRF runs were carried out
over a domain encompassing the Iberian Peninsula and nested in the coarser EURO-CORDEX domain. The
optimal parameters set resulting from such analysis have been used to obtain a high-resolution 35 year
period (1980-2014) dataset, driven by ERA-Interim. For the climate change projections, WRF is driven by
the corrected CMIP5-CESM1 (CCM4) outputs. Finally, we analyze the projected changes in the streamflow
compared with those obtained under present climate conditions. Acknowledgements: This work has been
financed by the projects P11-RNM-7941 (Junta de AndalucA-a-Spain) and CGL2013-48539-R (MINECO-
Spain, FEDER).
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The Standardized Precipitation Index (SPI1), which is recommended by the World Meteorological
Organization, is a robust and well-reviewed index widely applied to evaluate drought events. However, the
SPl is based on precipitation data and not considers changes in the temperature evolution. Thereby, the
increase expected in the temperature (and in the evapotranspiration consequently) in the future can
generate substantial errors in the prediction of droughts events in a context of climate change. The
Precipitation Evapotranspiration Index (SPEI) is a recent proposed drought index that is similar to the SPI
with the additional benefit of including temperature evolution since it is based on a water balance
(Precipitation minus evapotranspiration). This study assesses the simulated future droughts occurrences
characterized by these two drought indices in order to quantify the effects of temperature on future
droughts episodes by comparison of these droughts indices. For that, the Weather Research and
Forecasting (WRF) model was used to obtain the projected future precipitation and temperature data to
compute the droughts indices. The simulations were performed for two 30-yr periods (2021-2050 and
2071-2100) with a spatial resolution of 0.088A2 over a domain encompassing the Iberian Peninsula, nested
in the coarser EURO-CORDEX domain (0.44A° resolution). WRF model was driven by the global bias-
corrected climate model output data from version 1 of NCAR's Community Earth System Model (CESM1)
using two different Representative Concentration Pathways (RCP) scenarios: RCP 4.5 and RCP 8.5. Results
of this study will be a useful tool to understand how the increase of the temperature will affect in the
droughts variability in a context of climate change to detect and monitor future droughts episodes
properly. Acknowledgements: This work has been financed by the projects P11-RNM-7941 (Junta de
AndalucA-a-Spain) and CGL2013-48539-R (MINECO-Spain, FEDER).
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The Mediterranean area is identified as a a€ceHot Spota€R region, vulnerable to future climate change with
potentially strong impacts over the sea. By 2070-2090, climate models predict increased warming over the
sea surface with possible implications on the Mediterranean thermohaline and surface circulation but also
with severe impacts on the ecosystems (e.g. fish habitat loss, species extinction and migration, invasive
species). Among the most important impacts is the future evolution of the extreme oceanic temperatures,
which remains still an open issue of primary importance. In this context, we study here the probability and
characteristics of ocean heat wave occurrence in the Mediterranean Sea in future climate projections. For
this reason we developed a fully coupled regional climate system model (CNRM-RCSM4) in the framework
of Med-CORDEX initiative. The atmospheric, land, river components are represented at 50 km whereas the
ocean is at 9-12 km resolution respectively, without any constraint in the SST variation. After a 130-year
spin up, dedicated simulations for the 20th and the 21st century are performed with respect to the
different IPCC-AR5 socioeconomic scenarios (1950-2100, RCP8.5, RCP4.5, RCP2.6). In particular, spatial
variability and temporal evolution of ocean heat waves are analyzed on an annual basis. Additional
integrated indicators useful for marine ecosystems are also studied. The variety of factors that can cause
the ocean warming (e.g. direct radiative forcing, ocean advection, stratification change) are then examined
to disentangle the dominant driving force.
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In this study, the effect of climate change on temperature extremes over Turkey is investigated in high
resolution climate model simulations driven by a global model outputs. MPI-ESM2 earth system model
simulations are downscaled to first 0.440 coarse resolution over Med-CORDEX domain and then 0.110 high
resolution over the western part of Turkey by regional climate model, COSMO-CLM. The simulations cover
the periods of 1970-2005 for the reference and 2005-2100 for the future with proposed changes under RCP
8.5. The simulations of CCLM for reference period, which have 0.44A°resolution, are compared with
average, maximum and minimum temperature values of CRU data. Both the model and CRU temperatures
show decreasing trend from south to north between 1990-2005. The yearly temperature bias is A+2A°C
over Turkey. In addition to this, the consistency of CCLM decreases up to -3A°C in the northeastern part of
Turkey where locates high elevated mountains. When the seasonal averages are analyzed, it is seen that
CCLM mimics the pattern of temperature distribution quite well. The largest cold bias is observed in
summer season. The European countries that have negative bias in summer season experience generally
positive bias in winter season. In order to compare 0.11A° resolution model simulations, 78 Turkish State
Meteorological Service observation stations for temperature are used. In winter and spring season, model
produces warmer temperatures than observations especially over northern part of the domain. Summer
has the coldest biases up to -6A°C. Furthermore, climate projections between 2071 and 2090 show
significant warming (>5A°C) particularly over eastern and southeastern part of Turkey in summer. Extreme
temperature climate indices such as FDO, SU25, TX10p, TN10p, TX90p, TN90p, TX35, WSDI, CSDI and DTR
are calculated and compared to reference period. In addition, the climate indices are calculated for the
intervals of 2015-2040,2041-2070,2071-2100, for RCP8.5 scenarios. FDO, TN10p, TX10p and CSDI indices
decrease through the end of century and the most dramatic changes occur during summer season. On the
other hand, the indices of SU25, TX90p, TN90p, TX35 and WSDI increase till 2100. Especially, the changes
on the regions of southern Anatolia along the Aegean and Mediterranean Sea are large.
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We employ the DIVA modelling framework to assess the long-term (until 2100) impacts of sea-level rise and
to explore the potential benefits of a range of coastal adaptation measures for the Mediterranean basin.
We focus on coastal flood risk and erosion and evaluate the implementation of hard protection (in the form
of dikes), setback zones and private adaptation measures, under a range of high-end physical (RCP 8.5 and
4.5) and socio-economic (SSP3 and SSP5) scenarios. Preliminary results suggest that adaptation in the form
of hard protection or the combination of hard protection with setback zones is highly effective in reducing
both the number of people affected by floods and the damages to assets. Nevertheless, substantial initial
investments are required for building dikes while the implementation of setback zones involves numerous
institutional and governance challenges. Accommodation, in the form of implementing measures to reduce
flood damage at household-level, can effectively reduce damage costs and is relatively easy to implement.
Costs of protection are unevenly distributed between countries and amount to a significant proportion of
the GDP for some Mediterranean nations. Socio-economic development also appears to have a significant
effect on impacts. Our results show that at regional scale, a mix of protection by dikes and setback zones in
unprotected areas seem to be most efficient in reducing damages. However, specific protection options for
most vulnerable and densely populated regions, such as large port cities need to be considered and
implemented, as for these regions hard protection is expected to be highly cost-efficient.
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The Mediterranean, a region of frequent cyclonic activity, has experienced large seasonal and spatial
variability of precipitation extremes, driven by orography, latent heat release at the sea surface and the
prevailed synoptic conditions. Due to global warming, furious weather in the future is expected to be
established over Mediterranean. The objective of this study is to evaluate and quantify the future
projections of the precipitation extremes by utilizing percentile, absolute and duration precipitation indices.
The percentile indices concern: very wet days (the number of days with daily precipitation amount above
the 95th percentile from the examined period) and extremely wet days (the number of days with daily
precipitation amount above the 99th percentile from the examined period). The absolute threshold indices
concern: number of heavy precipitation days (number of days with daily precipitation amount above
10mm), number of very heavy precipitation days (number of days with daily precipitation amount above
20mm) and simple daily intensity index (daily precipitation amount on wet days in a period per number of
wet days in the period). The duration indices concern consecutive dry days (the largest number of
consecutive days with daily precipitation amount below 1 mm) and consecutive wet days (the largest
number of consecutive days with daily precipitation amount above 1 mm). The future projected changes in
precipitation extremes are estimated using the output of the simulations of an ensemble of eight regional
climate models (RCMs) along with their inter-model standard deviations, which were carried out within the
European project CORDEX. The models simulations used as initial and boundary conditions the output data
of various General Circulation Models (GCMs) and downscale the climate information in the EUR-11 domain
of CORDEX (horizontal resolution 0.11A°, i.e. approximately 12km). Each simulation contains results for the
21st century (2010-2100) under RCP4.5 and RCP8.5 emissions scenarios, as well as the reference period
(1981-2010) under historical GHG concentrations. Furthermore, gridded climatic datasets such as E-OBS are
used to identify the current climatic conditions of the under study area, as well as to validate the RCM
simulations.
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The goal of this work is to investigate the long term air temperature changes in the troposphere over the
Mediterranean. Towards this objective, we analyzed the upper air temperature datasets for the barometric
levels at 850, 700, 500, 300, 200, 150, and 100 hPa, using 17 radiosonde meteorological stations within the
Mediterranean region for the period 1965-2015, as well as gridded reanalysis products with spatial
resolution 1.125A° x 1.125A° from the European Centre for Medium-Range Weather Forecasts (ECMWF,
ERA-Interim) for the time period 1979-2015. We analyzed the trends and variability of upper air
temperature on seasonal and annual basis. The footprint of atmospheric circulation, by means of specific
climatic indices such as Mediterranean Oscillation Index (MOI), North Sea Caspian Pattern Index (NCPI),
North Atlantic Oscillation Index (NAOI) and Arctic Oscillation Index (AOIl), was also examined. In the process,
the climatic changes in the upper air temperature at the respective barometric levels between the period
1980-2010 (reference period) and the period 2071-2100 (future climate) are presented using an ensemble
of regional climate model simulations under the RCP8.5 and RCP 4.5 emissions scenarios. The findings of
our analysis quantify the Greenhouse effect especially in lower/middle tropospheric barometric levels
compared to upper troposphere over the Mediterranean.
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Mediterranean has been determined sequentially by IPCC as one of the most vulnerable region to the
anthropogenic climate change. In the present work long-term trends of annual as well as rainy season
precipitation totals during the period 1951-2012 within the Mediterranean region are estimated. Our
analysis is based on homogenized monthly precipitation data recorded from more than 600 stations
collected by the European Climate Assessment and Dataset as well as on gridded CRU TS3.21 precipitation
data. The findings of our analysis shows negative trends of the precipitation totals in a large part of the
under study area during the period 1951-2012. In order to identify possible linkage between precipitation
changes and changes in the general circulation, three significant climatic circulation indices of the northern
hemisphere, namely the North Atlantic, the Arctic and the Mediterranean Oscillation Indices (NAOI, AOI
and MOI, respectively), have been utilized and their trends are calculated. It has been found that all three
indices shows increasing trends during the under study period. Besides, an anticorrelation between the
precipitation totals and the indices, especially during the rainy season of the year (October-March), has
been established over most of the Mediterranean. In the process, the climatic changes in the precipitation
regime between the period 1961-1990 (reference period) and the period 2071-2100 (future climate) are
presented using an ensemble of climate model simulations under the RCP8.5 and RCP 4.5 emissions
scenarios. The already observed decreasing trend is very likely to continue till the end of 21th century.
Further, we examine if the aforementioned anticorrelation is well reproduced by the ensemble of climate
models and if a possible climatic change in the atmospheric circulation indices is anticipated in the future.
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AND FUTURE CLIMATE SCENARIOS

Alexandre M. Ramos (1), Ricardo M. Trigo (1), RicardaCT tihMargarida L.r Liberato (1,2),
David Lavers (3), Raquel Nieto (4), Luis Gimeno (4)

(1) Instituto Dom Luiz, Faculdade De CiA2ncias, Universidade De Lisboa Lisboa (Portugal) (2) Escola De
CiA2ncias E Tecnologia, Universidade De TrAjs-os-montes E Alto Douro Vila Real (Portugal) (3) European
Center For Medium Range Weather Forecasting Exeter (United Kingdom) (4) Ephyslab, Facultade De
Ciencias, Universidade De Vigo Ourense (Spain)

Contact: amramos@fc.ul.pt

An atmospheric river (AR) detection algorithm is used for the North Atlantic Ocean basin, allowing the
identification of the major ARs affecting the Iberian Peninsula between 1979 and 2012. Following the
identification of the main ARs that made landfall in the Iberian Peninsula, a Lagrangian analysis was then
applied in order to identify the main areas where the moisture uptake was anomalous and contributed to
the ARs. The Lagrangian dataset used was obtained from a FLEXPART model simulation between 1979 and
2012. The results show that, in general, the major climatological areas for the anomalous moisture uptake
extend along the subtropical North Atlantic, from the Florida Peninsula to the sink region, with the coast of
the Iberian Peninsula presenting a local maximum. There is a strong relationship between extreme
precipitation across Europe and ARs. Regarding the Iberian Peninsula it was analyzed if the extreme
precipitation days are association (or not) with the occurrence of ARs. Results show that the association
between ARs and extreme precipitation days in the western river basins is noteworthy, while for the
eastern and southern basins the impact of ARs is reduced. Since the ARs are associated with high impact
weather it is of most importance to assess changes in the ARs frequency under future climate change
scenarios. Regarding the Iberian Peninsula, changes in the vertically integrated horizontal water transport
were analyzed using six global climate models from the CMIP5 under a medium (RCP4.5) and high (RCP8.5)
emission scenarios. Results show that there is an increase in the vertically integrated horizontal water
transport which lead to an increase in the ARs frequency for the 2074- 2099 period when compared with
the historical simulation (1980-2005). This increase in future ARs frequency is estimated to be more visible
in the high emission scenarios (RCP8.5) when the annual frequency of ARs can more than double the
historical simulation. Acknowledgements: This work was supported by the project FORLAND a€“
Hydrogeomorphologic risk in Portugal: driving forces and application for land use planning
(PTDC/ATPGEO/1660/2014) funded by FundaA§A£o para a CiA2ncia e a Tecnologia, Portugal (FCT). A. M.
Ramos was also supported by a FCT postdoctoral grant (FCT/DFRH/ SFRH/BPD/84328/2012).
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While human society and its environment have co-evolved in the Mediterranean basin, several current
trends are assumed to represent near-term significant risks for biodiversity, ecosystem function, socio-
economic development and human well-being. Climate change is best known among these trends, notably
the warming of the atmosphere and the ocean, changes in rainfall, drought risk, ocean acidity, coastal
submersion and extreme storm events. Other forms of environmental change occur, including pollution of
atmosphere and waters, soil degradation and urban sprawl. Assessing these risks for the growing
population in the region requires an integrated assessment of trends in environmental change, as well as of
human susceptibility to damage. For five major areas of interaction between the environment and people
(freshwater, other natural resources, human health, food security and human security), we identify
indicators for recent and expected environmental change impacts. We identify critical limits of
environmental change for all five areas. We then analyse the significant uncertainties associated with such
limits, from limited process understanding, the combined impacts of several drivers, and from the breadth
of different mitigation policies that are available. For most impacts, the risks associated with warming of
two degrees above pre-industrial are significant, including irreversible loss of biodiversity and ecosystem
function, and economic losses in coastal areas. Such a multi-factor analysis of change is novel for the
region. When refined through a broader review process (currently planned by the MedECC network), it
should be useful for policy-makers, notably for the conservation of marine and terrestrial biodiversity and
ecosystem function.
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Recent studies revealed that Byzantium was relatively resilient in the face of climatic changes. In AD 350-
700, it went through a period of multi-decadal drought without any major crisis, and then managed to
benefit from long-term wetter conditions. In AD 900-1200, it sustained economic growth despite unstable
climate, and 3€“ paradoxically 4€“ even the profound political crisis of the late 12th c. seems unrelated to
the harsh conditions of AD 1175-1200. However, this vision remains simplistic, as it focuses on the key
political institutions or the productive base of the economy; there is a whole spectrum of social and
economic actors between these two extremes. In a highly complex society, resilience, or the ability to
maintain the same structure in new conditions, cannot be attributed to the society as a whole. Rather,
some elements are able to remain relatively unchanged, while others have to change in order to make the
resilience possible. In particular, climate renders certain lifestyles or social-ecological models less viable, or
demanding much greater effort for their continuation. This leads to re-allocation of resources, which in turn
involves changes in the social structure. In this paper, | will present selected cases from the history of
Byzantium illustrating two aspects of the ways in which complex societies could adapt to climatic changes.
First, | will focus on the role played by the socio-economic structure and the ability of elites to control
resources. This is particularly clear in the rising significance of village societies and aristocracies in Late
Antiquity, at the expense of the cities. Second, | will show how a moment of climate-induced crisis has the
potential to shift the balance between different groups within the same society. Such transformation
occurred in Byzantium in the 920s-930s or in the 1260s. The Byzantine case shows that adaptation to
climate change, and the resilience of political institutions or productive potential, involves profound social
change. Different social actors negotiate what has to be changed and what is maintained. The history of
how Byzantium coped with unstable climate makes us more aware of the types of social transformation
that could be involved in adaptation to climate, in both the past and in the future. As well as seeing the
danger of climate-caused poverty along the global North-South divide, we should also recognize the threats
that it can pose to to social cohesion in complex social systems.
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The Mediterranean Sea, with a population of 150 million on its coasts and receiving 170 million tourists
every year, is one of the most exposed regions in the world to sea level variations, both derived from long
term processes, such as climate change, or from catastrophic short-term events like storm surges, tsunamis
and meteo-tsunamis. The present study is an initial fair trial to get closer to the weather extremes over
some Mediterranean coastal areas off Egypt . It focuses on changes in extreme temperature, precipitation
and sea level events over Alexandria region during the period 1974-2011. The results of the present study
declared three extreme events in the area of investigation; the scarce precipitation in the year 1999
associated with three heat waves in April, August and November of the same year. The extreme high
precipitation, on the other hand, has been recorded in the year 2004. Finally, the extreme surge elevation
in winter 2010 has also been revealed. The minimum amount of precipitation was recorded in 1999 (24.37
mm) in only 9 days, i.e. 2.71 mm/rainy day. This is extremely lower than the normal rate which is 5
mm/rainy day. In this year 3 heat wave periods were observed during April (> 26-30A°C, 5 days), August (>
30A°C, 7 days) and November (> 26A°C, 5 days). The year 2004 has the extreme high winter precipitation
(368.80 mm) event over the period of investigation, of them 161.05 mm of rain during December in 7 days,
i.e. 23.00 mm/rainy day. The astronomical tidal elevation during December 2009 ranged between -6.30 cm
and 6.56 cm, while the surge varied between 33.90 cm and 103.85 cm. The strong surge (more than 1m) as
well as violent waves caused severe damages along Alexandria coast in winter 2010.
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The Egyptian Mediterranean coast is featured by the system of coastal lakes stretching along the major part
of it. This system consists of Lake Mariut, Lake Edku, Lake Burullus and Lake Manzalah from west to east
respectively and known as the northern Egyptian Delta Lakes. These Lakes vary in their surface areas; with
Lake Mariut being the smallest (about 55 km2) and Lake Manzalah being the largest (about 700 km?2).
Water, nitrogen and phosphorous budgets of Lake Manzalah have been calculated using data collected
during January-December 2012.The main positive contributor in the water budget of Lake Manzalah is the
drainage water being 6692.6x106 m3/yr. The annual rainfall is 26.53x106 m3/yr and the evaporation is
1075.6x106 m3/yr. The net annual amount of outflowing water from Lake Manzalah to the Mediterranean
Sea is 9503.23x106 m3/yrand the net amount of seawater invading the Lake estimated is 3895.76x106
m3/yr. Accordingly, the net water exchange between Lake Manzalah and the Mediterranean Sea was
5607.47x106 m3/yr seaward negatively affects the water budget of the lake. The nutrient salt load of the
nitrogen load in the lake from the drainage water is estimated to be 1381.09 tons/year and that from the
rain 3.703 tons/year. The amount of nitrogen load transported to the sea through Boughaz EI-Gamil being
1025.753 tons/year, while the inflowing nitrogen load is estimated to be 180.147 tons/year. The
phosphorus load from ,the drainage water is estimated to be 2212.67 tons/year and that from the rain
8.546 tons/year. The amount of phosphorus load transported to the sea through Boughaz EI-Gamil being
680.668 tons/year, while the inflowing phosphorous load is estimated to be 101.687 tons/year. The
components of nitrogen and phosphorous budgets given from the present study in Lake Manzalah are high
compared to the results previously calculated for the period 1984-1985. This is may be due to the
pronounced increase in the land reclamation processes around the Lake, which use the nitrogenous
fertilizers, which, in turn, are washed with the agriculture drainage water into the Lake. This is beside the
sewage wastes from human activities and fish farms. The impact of the climate change on the water,
nitrogen and phosphorus budgets of the lake and their effects on the population of the surround area was
also discussed.
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The Aegean Late Bronze Age encompasses around six hundred years of societal variability within
fragmented landscapes. Societal processes were always interlinked in this period, but did not always run in
parallel. Such variation should advise against general or Aegean-wide explanatory frameworks. Relative
short-term developments, such as climate anomalies and periods of accentuated societal change, need to
be considered as part of more long-term processes. The present paper offers a view of the long-term
history of human-environment interaction on the Peloponnese peninsula, spanning the whole of the Late
Bronze Age (1700-1050 BCE). The rich archaeological record is discussed in relation to climate sequences
recently made available from Peloponnesian speleothem records. Long-term societal processes in the Late
Bronze Age Peloponnese encompass the dynamic and heterogeneous Early Mycenaean societies as well as
the expansive uniformity of the palatial Mycenaean time. Recent speleothem data suggest that both
periods were characterized by dry conditions of similar magnitude. The development of the societies under
these conditions, however, was not the same. While the Early Mycenaean period saw emergent expansion
that would result in the establishment of the Mycenaean palace economies some centuries later, the dry
conditions around 1200 BCE correspond roughly in time with the end of the palatial era on the Greek
mainland. The contemporaneousness of aridity and societal change, on the Greek mainland and elsewhere
in the Eastern Mediterranean, has been hotly debated recently. The new paleoclimatological data from the
Peloponnese will be brought to bear on this debate, as well as on the evaluation of the sustainability of
ancient Peloponnesian societies under climate stress.
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Climate change has been implicated in the success and downfall of several ancient civilizations. Here we
present a synthesis of historical, climatic, and geological evidence that supports the hypothesis that climate
change may have been responsible for the slow demise of Minoan civilization. Using proxy ENSO and
precipitation reconstruction data in the period 1650-1980 we present empirical and quantitative evidence
that El Nino causes drier conditions in the area of Crete. This result is supported by modern data analysis as
well as by model simulations. Though not very strong, the ENSO-Mediterranean drying signal appears to be
robust, and its overall effect was accentuated by a series of unusually strong and long-lasting El Nino events
during the time of the Minoan decline. We show that a change in the dynamics of the El Nino/Southern
Oscillation (ENSO) system occurred around 3000 BC, which culminated in a series of strong and frequent El
Nino events starting at about 1450 BC and lasting for several centuries. This stressful climatic tend,
associated with the gradual demise of the Minoans, is argued to be an important force acting in the
downfall of this classic and long-lived civilization.
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Climate change (CC) affects the human health in different pathways. The impacts are direct and indirect.
The affects are multifaceted and vary in scale and timing as a function of the local environmental conditions
and the human population vulnerability. Heat waves have discernible impacts on health including rise in
mortality and morbidity. Heat-related illnesses can occur when high ambient temperatures overcome the
body's natural ability to dissipate heat. Older adults, young children and persons with chronic medical
conditions are particularly susceptible to these illnesses and are at high risk for heat-related mortality. In
the Mediterranean basin, a significant increase has been observed in the frequency, intensity and duration
of heat waves. Recent projections predict a significant increase in the persistence, severity and frequency
of extreme heat events in the coming decades. Although the level of acclimation of the Mediterranean'
inhabitants is high, an increase in the frequency and intensity of heat waves is a significant risk for
vulnerable population, including those who live in poverty that have less secure, air-conditioned homes. CC
has influences on the transmission of vector-borne diseases (VBD) since the life-cycle dynamics of the
vector species, pathogenic organisms and the reservoir organisms are sensitive to weather conditions. In
recent years, several outbreaks of different VBD have been documented in the Mediterranean region. For
some of them (as West Nile virus), linkages with CC have been already proved. For others (as dengue),
recent observed climatic trends in the Mediterranean supposed to contribute to their transmission
potential in the region. Increased temperature will cause an upsurge in the growth rates of mosquitos'
populations, decrease the interval between blood meals, shorten the incubation time from infection to
infectiousness in mosquitoes and accelerate the virus evolution rate. In order to minimize the risks of CC to
the health of the Mediterranean population, the following adaptation measures are recommended:
assessment of health risks, extreme events management (e.g. early-warning systems with a focus on
vulnerable populations), raising awareness to risks among all sectors, collaboration and coordination
between Mediterranean countries, better preparedness of health institutions, improving surveillance and
control of climate-sensitive diseases, conducting local research to improve assessments of health risks.
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Urban warming represents a major concern in the context of climate change, particularly in arid and
Mediterranean climates. In the last years, several studies on the quantification of the effect of soil
anthropization and Urban Heat Island (UHI) effects on air and surface temperature have been performed
worldwide. Research on this issue has been widely developed across the Mediterranean region, focusing
mainly on the most urbanized city areas like Athens, Tel Aviv and Barcelona. In this work, we explore the
possibility to relate the temperature variations in recent years to the incorporation of the thermometers in
more and more urbanized areas in the Mediterranean region, thus investigating how UHI effect could
contribute to climate warming at a regional scale. We use satellite nighttime images (nightlights) as proxy
of human presence/urbanization. We compare the temporal trend of nightlights in the period 1992-2013 to
that of temperature data for stations in the Mediterranean area, as retrieved from Berkeley Earth
database. P values for the Student's t test have been computed, in order to assess the significativity of the
slope of the regression lines. Our results show that African and Asian Mediterranean countries reveal a
significant positive concordance, i.e. positive significant temperature trend in concomitance with a
significant per year increment of nightlights, while Europe countries show more complex patterns,
depending on the considered country and strategies adopted for light pollution reduction. Nightlights may
offer interesting insights to better understand the impact of urban growth and soil anthropization on
increasing temperatures worldwide, particularly in developing and emerging countries, where urban areas
are growing at a fast pace.
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A portfolio of agricultural practices now exists to contribute to reach agricultural mitigation targets. At the
same time, the knowledge of crop-climate interactions and potential adaptation is extensively researched.
Many of the practices are based on well tested agronomic and technical know-how, with proven benefits
for farmers and the environment. A suite of practices has to be used since none of the practices could
provide a unique solution by oneself. However, there are limitations in the process of policy development:
(a) agricultural activities are based on biological processes and thus, these practices are location specific
and climate, soils and crops determine their agronomic potential; (b) since agriculture sustains rural
communities, the costs and potential implementation have to be also regionally evaluated and (c) the
aggregated regional potential of the combination of measures has to be defined in order to inform
abatement targets and adaptation policies. This paper analyses agricultural management practices that
may contribute to the abatement of greenhouse gas emissions and at the same time are well suited as
adaptation strategies. The study considers their potential greenhouse gas emissions savings, their
adaptation potential, their cost, and their potential implementation to reach policy targets. The evaluation
framework is then applied at the farm level in NE Spain, a region that exemplifies agricultural systems in the
Mediterranean region. Our research aims to contribute to shape realistic co-benefits of the mitigation and
adaptation options at regional level and therefore provide information to climate change and agricultural
policies.



SESSION-ELIMATE AND SOCIETY IN THE MEDITERRANEAN REGION
CONTRIBUTIONS

BIOMARKERS REVEALING NATURAL AND ANTHROPOGENIC DESTABILISATION OF SOI
OHRID BASIN (ALBANIA, NDEIDHA)

Jens Holtvoeth (1,2), Harriet Copsey (2), Danielle Rushworth (1), Sophie Flack (1), Karina Scurupa
Machado (1,3), Richard Pancost (2), Bernd Wagner (4), George Wolff (1)

(1) University Of Liverpool, School Of Environmental Sciences Liverpool (United Kingdom) (2) University Of
Bristol, School Of Chemistry Bristol (United Kingdom) (3) University Of Parana Curitiba (Brazil) (4) University
Of Cologne, Institute Of Geology And Mineralogy Cologne (Germany)

Contact: J.Holtvoeth@bristol.ac.uk

Recent surveys of modern terrestrial organic matter pools (plant matter, soils) in the Ohrid Basin provided
an organic geochemical fingerprint for the major sources of lipid biomarkers in the sediments of Lake Ohrid.
This allowed to reconstruct terrestrial habitat dynamics through changes in the relative contributions from
the two major organic matter pools, vegetation and soils. Relatively increased supply of soil-derived lipid
biomarkers occurs during periods of rapid habitat change, in particular, vegetation recession and associated
destabilisation of soils. Naturally, this would occur in response to climatically controlled hydrology changes,
however, land-use change can have a similar impact. We present geochemical proxy data across three well-
known Holocene climate fluctuations: the 8.2 ka event, the 4.2 ka event and the transition from the Dark
Ages (DA) to the Medieval Warm Period (MWP) as observed in a sediment core near the southern shores of
Lake Ohrid. The latter two also coincide with periods of major social changes as well as advances in
technology. During the 8.2 ka event, the biomarker data suggests two phases of soils depletion that likely
correspond to the two major freshwater pulses from North American ice-dammed lakes and the dry
conditions these caused in large parts of Central and Southern Europe. The 4.2 ka event manifests itself in
the eastern Mediterranean and the Middle East as a prolonged period of droughts that were responsible
for the collapse of some of the early Bronze Age empires. While increased soil supply towards Lake Ohrid at
the beginning and the end of this climatic excursion may result from the natural readjustment of the
terrestrial habitat, increased soil erosion at the centre of this period appears to coincide with
archaeological evidence for an inflow of people from NG€™ Greece during the mid-Bronze Age and
associated land-use change. During the DA-MWP transition we again observe increased soil erosion. This
period coincides with significant socio-economic changes in the Ohrid Basin. Between the years 900 and
1010, the monastery of St Naum was founded, the town of Ohrid became the capital of the Bulgarian
Empire and people moved from a defensive hill-top settlement above the modern town of Pogradec
towards the lake shores. We hypothesise that the establishment of the St Naum monastery in the vicinity of
the study site corresponds to the introduction of large-scale agricultural production and associated soil
erosion.
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This work extends the Shared Socioeconomic Pathways (SSPs) by regionalizing them for the Mediterranean
coastal region. In recent decades, the coastal zone of the Mediterranean has experienced rapid
socioeconomic development. However, these developments are unevenly distributed in space and time
due to large socioeconomic differences between the northern, eastern, and southern parts of the region.
As these differences are not sufficiently captured in the global SSPs, we develop extended SSPs to account
for the characteristics of the region. Our work builds on the work of Merkens et al. (2016) who developed
spatial projections of coastal population distribution on a global scale. Based on existing literature, we
enhance those global coastal SSPs by considering region-specific elements, such as water use, second
homes and subsidence, which influence socioeconomic development. Employing this set of general and
Mediterranean-specific assumptions, we first develop coastal narratives for the five SSPs. These narratives
account for socioeconomic differences across countries as well as for coastal versus inland developments
within countries. In a next step, we interpret our narratives to develop spatial population projections until
the end of the 21st century, at a spatial resolution of 30 arc seconds. These projections reflect, in line with
the narratives, regional differences across countries as well as coastal versus inland population growth in
rural and urban areas in each country. We anticipate that our regional coastal SSPs are better suited for
coastal Impact, Adaptation and Vulnerability (IAV) assessments on a regional scale.
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In Provence, in the Southeastern France, Marseille's water supply has always been problematic.
Constrained by a mountainous topography within a rocky and dry landscape its inhabitants have often
coped with acute water shortages. Up until the mid-19th century, water resources consisted of an old
medieval aqueduct, some karstic springs and many public and private wells. And, in order to overcome the
chronic lack of freshwater, solutions were always temporary and ineffective. However, this issue became so
pressing in the first half of the nineteenth century, thus forcing municipal officials to quickly deal with this
problem. Indeed, the combination of a growing population, a booming industry, but above all severe
recurring winter and summer hydrological droughts for about 35 years, such asin 1817/18 and 1833/34
(associated with the apogee of the Little Ice Age in Western Mediterranean), drastically reduced the
available volume of water for both citizens and local factories. Consequences on the economy and the
urban environment were quick enough but the lack of water mainly resulted in significant sanitary
problems. We propose to explore policy answers and socio-economic options that have solved the supply
problems thanks to the construction of a new aqueduct to carry potable water from the Durance River to
the city. First, after describing the hydro-climatic context of the Provence area (especially during the second
half of the LIA) and the state of water resources of Marseille at this time, we'll present major social,
sanitary as well as economic crises due to the lack of water which impacted the city together with their
effects on the urban dynamic. Then, we'll analyze public policy and challenging technical choices made by
the municipality to deal with chronic water shortages.
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The production of Mediterranean bath sponges collapsed during the past century as it is shown by Tunisian
catches which went from 163 tons in 1920 down to 9 tons in 1988 (Josupeit, 1990). Another illustration is
given by the well-known sponge fishing island of Kalymnos which lost about 90% of its active fishermen
population in a century between 1858 and 1967 (Bernard 1967, Valla, 2012). For what reasons a
Mediterranean traditional fishery once prosperous did dramatically decline? What part of the decline can
be attributed to the decline of the bath sponge stock and what to a decreasing number of fishermen? How
can this decline of the sponge fishery be related to changes in uses, overfishing, disease outbreaks
triggered by climate events? How did sponge fishermen adapt to these Regional Changes in the past? What
is the future of such a fishery? What kind of guidelines can we provide for this fishery facing the on-going
Regional Change? To answer these questions, SACOLEVE will look through ecological and historical
windows into past evolution of the sponge fishery, chosen here as a model of traditional fishery which
suffered good number of upheavals over the last three centuries. The overreaching aim of this program is
to propose a management strategy for traditional fisheries that will allow attaining eco-durable practices in
the current environmental, socio-economic and geopolitical contexts.
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No-one doubts that climate, environment and societal development are linked in causally complex ways.
The problem is in the actual mechanics linking the two, and in trying to determine the causal associations,
or in assigning these causal factors some order of priority. Questions that need to be asked include, for
example, at what scale are the climatic and environmental events observed, and how does this relate to
the societal changes in question? To what extent are we able to differentiate between the various effects
of the structural dynamics of a set of inter-connected or overlapping socio-economic or cultural systems
a€" let us call them the dialectics of the system? One good reason for a historical perspective is to
determine how different categories of socio-political system respond to different levels of stress a€“ in the
hope that such knowledge can contribute to contemporary policy and future planning, for example. How
and why are some societal systems more resilient or flexible than others? If we dona€™t really understand
these complex causal associations, we are unlikely to generate effective responses. Since Anatolia was for
several centuries the heart of the medieval eastern Roman empire, understanding how its climate impacted
on the political, social and cultural history of the eastern Roman world would seems to be an important
consideration. But only recently have historians begun to think about this seriously and to take into account
the integration of high-resolution archaeological, textual and environmental data with longer-term low-
resolution palaeo-environmental data, which can afford greater precision in identifying some of the causal
relationships underlying societal change. In fact, the Anatolian case challenges a number of assumptions
about the impact of climatic factors on socio-political organization and medium-term historical evolution. In
particular, the study raises the question of how the environmental conditions of the later seventh and
eighth centuries CE impacted upon the ways in which the eastern Roman Empire was able to weather the
storm of the initial Arab-Islamic raids and invasions of the period ca. 650-740 and how it was able to

expand again in the tenth century. When looked at holistically, the palaeoenvironmental, archaeological
and historical data reflect a complex interaction of anthropogenic and natural factors that throw significant
light on the history of the empire and its neighbors.
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A variety of climate proxy data suggest that the medieval period in the Southern Levant was marked by
short humid events which favored agricultural activities between the end of the Crusader period and the
early Mamluk period, followed by more arid climatic conditions throughout the entire Mamluk period
(1260-1519 AD). Humid climatic conditions re-occurred in the fifteenth century. In the contrasting
environmental regions of Jordan, years of short rain seasons would alternate with droughts annually or
every two to four years, and would have affected directly state and peasant agriculture. In this paper |
present direct evidence (phytoliths) for state-level and village-level agro-pastoral regimes and medieval
landscapes during Mamluk plantation economies in Transjordan. The phytolith assemblages analyzed for
this paper offer new and direct evidence for local-scale human influence on the natural environment
related to Late Holocene climatic variability, and the industrialization and intensification of agriculture
during the Mamluk period in Jordan. The phytolith record indicated the heavy impact that imperial industry
and economy have had on the medieval landscape through evidence for large-scale intensified production
of cereals in the central and south plains of Jordan, and of sugarcane in the southern Ghors. Also, phytolith
evidence provided evidence for the production, storage and management of irrigated cereal grain, and
showed that controlled grain surplus was used by the state in times of need. At the same time, phytolith
evidence derived from medieval rural sites of Transjordan showed that peasants invested in mixed agro-
pastoral economies; the distribution of agricultural surplus to local markets; and small-scale production and
storage of cereals, other crops, livestock and agricultural surplus. Peasants depended on their autonomy to
invest in strategies of adaptation that minimize risk. These observations are of great importance and help
us understand the ways early pre-industrial and agricultural activities impacted semi-arid landscapes and
small-scale communities in Transjordan during periods of climatic, political and economic change.
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ARCHAEOLOGICAL FINDS AND DOCUMENTARY SOURCES FROM THE EASTERN MEDITERRANEAN PROVIDE
CLEAR EVIDENCE FOR A WIDESPREAD SOCIETAL COLLAPSE AND GENERAL CULTURAL DECLINE BETWEEN
THE 13TH AND 11TH CENTURIES BCE (“BRONZE AGE COLLAPSE”). THE CENTURIES FOLLOWING THIS
COLLAPSE ARE CHARACTERIZED BY LOW POPULATION LEVELS, THE SO-CALLED "GREEK DARK AGES”.
RECENTLY PUBLISHED PALEOCLIMATE RECONSTRUCTIONS BASED ON TERRESTRIAL SEDIMENT SEQUENCES
SUGGEST THAT THESE DRAMATIC CULTURAL CHANGES WERE TRIGGERED BY A MARKED INCREASE IN
ARIDITY. HOWEVER, THE EXACT TIMING AND NATURE OF THIS CLIMATIC TRANSITION REMAINS POORLY
CONSTRAINED DUE TO CHRONOLOGICAL UNCERTAINTIES AND LOW TEMPORAL RESOLUTION OF THE
CURRENTLY AVAILABLE PALAEOCLIMATE RECONSTRUCTIONS FROM THE EASTERN MEDITERRANEAN.
BASED ON OUR ONGOING RESEARCH ON PRECISELY-DATED STALAGMITES COLLECTED FROM SEVERAL
CAVES IN TURKEY (E.G., SOFULAR, KOCAIN, UZUNTARLA, OVACIK AND YENESU CAVES) AND OMAN (QUNF
CAVE), WE PRESENT SEVERAL NEW HIGHLY-RESOLVED (1-10 YEARS) MULTI-PROXY RECORDS (OXYGEN AND
CARBON ISOTOPES AND TRACE ELEMENTS) COVERING THE LATE BRONZE/IRON AGE TRANSITION IN THE
EASTERN MEDITERRANEAN IN UNPRECEDENTED DETAIL. THE RECORDS SHOW STRONG EVIDENCE THAT
THE MAJOR CLIMATIC TRANSITION OCCURRED AT AROUND 1000 BCE AND THEREFORE SIGNIFICANTLY
LATER THAN THE INVASIONS OF THE SEA PEOPLE AT AROUND 1200 BCE, SUGGESTING THAT CLIMATE WAS
NOT THE SOLE FACTOR FOR THEIR EXPANSION AT THE END OF THE LATE BRONZE AGE.
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Global warming affects and controls the tourism potential in traditional touristic destinations and that is
the case of the Mediterranean, which is one of the most favorable region worldwide to visit. It is known
that tourism, especially summer tourism, can be described by the Triple S (Sun, Sea and Sand), which is an
abundant feature of the Mediterranean region. Many of the controlling tourism factors for the triple S are
depending on weather and local climate. Therefore, there is a strong concern of the impacts of global
warming on Mediterranean climate, based on future climate projections by regional climate models. So a
legitimate question sounds to an increasing extent: Do the tourists turn their back to Mediterranean resorts
due to global warming? What is the best place to go for summer holidays? Do the weather conditions
affects their touristic destination preferences directly? The answers to these queries could be addressed by
analyzing the trends of the touristsa€™ preference to Mediterranean touristic destinations against northern
competitive resorts. To this objective, this study investigates the Big Data, which is a brand new yet
powerful tool which provide a vast potential on scientific research. According to past and contemporary
studies the atmospheric conditions could alter the perception, the psychology and the way the citizens
behave. The Google Trends is a facility of the Google company that counts the frequency of particular
search-terms around the world incorporating temporal and spatial criteria. This study aims to investigate
via the Google Trendsa€™ data the way the citizens choose summer holiday destinations. For the analysis
of the searching behavior the times series of specific terms were correlated with the thermal conditions
respectively. More specifically the analysis of Google Trends data reveals a striking influence of the weather
conditions on the searching frequency of specific popular Mediterranean destinations. Additionally, this
study notifies the potential of this Big Data dataset on the biometeorological research as a connection
between the atmospheric conditions and the subsequent humana€™s decision making and behavior.
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In light of global ocean acidification processes, it is important to study the highly vulnerable chalk littoral
caves and the epilithic algae community within. Littoral caves are mentioned in the UNEP-MAP Coastal Area
Management Program as important coastal habitats in the heavily exploited littoral zone. The importance
of epilithic algae in littoral caves is derived from its place in creating ecological niches and therefore
enhancing biodiversity. Epilithic algae allow organisms that would not withstand high wave energy and low
light environment, to succeed in littoral caves by settling on the bare cave walls, and produce a complex
structural habitat, enabling other organisms to settle on them. Rosh HaNikra cave, carved into a chalk cliff
located next the Lebanese- Israel border in the eastern Mediterranean, is the only littoral cave in Israel that
is longer than three meters, thus considered a main tourist attraction and a unique geological nature
reserve. In the past month, Rosh HaNikra has also become a 15-kilometer wide marine reserve. Where only
a few researchers work on algae ecology in the Israeli coastline, and far less studies concentrating on the
chalk algal communities, a gap of knowledge exists in the field of littoral algae ecology in Israel. This study is
the first algal survey in the coastal cave of Rosh HaNikra, Israel. Results from this study site quantify and
qualify the natural light, identify taxonomically the epilithic algae and study the ecological relationship of
the red and green epilithic algae with the surrounding environment. We present in this study a taxonomic
survey in the littoral cave, including the presence of Rhodophyta, Chlorophyta and Cyanobacteria
communities, as well as seasonal and daily light measurements. High occurrence of the pH and desiccation
tolerant Hildenbrandia rubra in the upper-medio littoral zone was very interesting, since the first and only
report of this specie in Israel, was made at least 50 km from Rosh HaNikra and more than 40 years ago. Our
results indicate that the light spectra changes in quantity as well as quality when entering the cave, which
has a constructing effect on epilithic algae communities. Nowadays, characterizing the algal community of
the cave system of Rosh HaNikra would provide a baseline for any future ecological research in this site as
well as evaluate the marine reserve's significanc






