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PREFACE

This conference continues the sequence of previous MedCLIVAR conferences, which were held in Lecce
(2011) and Madrid (2012).

The MedCLIVAR initiative (www.medclivar.eu) was first proposed at the 2003 European Geophysical
Society assembly in Nice. The following year an initial MedCLIVAR workshop was held in Rome with the
support of the European Science Foundation (ESF), a “white paper” was prepared and in January 2005
MedCLIVAR was endorsed by the international CLIVAR office. A few months later the MedCLIVAR-Research
Network Project was approved by ESF and launched in May 2006 under the support of funding agencies in
12 countries. Over these years, MedCLIVAR 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 promoted scientific dissemination through many publications and two
books that review the state of the art in Mediterranean climate research: “Mediterranean Climate
Variability”, published at the beginning of the project, and “The Climate of the Mediterranean Region: From
the Past to the Future”, published in 2012.

A strength of MedCLIVAR is the development of a multidisciplinary vision of the evolution of Mediterranean
climate, which includes atmospheric, marine and terrestrial components at multiple time scales, covering
the range from paleo-reconstructions to future climate scenarios. The scientific objects of the programme
include past climate variability, connections between the Mediterranean and global climate, the
Mediterranean Sea circulation and sea level, feedbacks on the global climate system, and the regional
responses to greenhouse gas, air pollution, and aerosol forcings.

This conference “Understanding Climate Evolution and Effects on Environment and Societies in the Old
World Region” 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 and extending to the Black Sea
and the Caspian 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.

It includes 5 sessions:
1. Paleoclimate and the human dimension, which includes all aspects of paleoclimate research, and
particularly: evolution and transition periods; proxies; simulations; water cycle and ecosystems changes;
exchanges between the Mediterranean Sea and other basins; ancient societies and climate (adaptation,
water use, food production)
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2. The regional climate system: observations and process studies, which includes studies on the various
components of the regional climate system and their interactions with contributions on a wide range of
topics: teleconnections and regional dynamics; atmospheric physics (aerosol, atmospheric composition, air
pollution and climate); atmosphere-ocean-land interactions; water masses and circulation, mixing and
renewal processes; upwelling systems, convection, deep water formation; interactions and exchanges
across straits and passages; the hydrological cycle of the Mediterranean and Black Sea; sea level variability.
3. Extreme events, which includes studies on all aspects of extreme events from a climate perspective and
investigating a broad range of phenomena: Mediterranean summer aridity, droughts, heat waves, wild
fires; heavy rain, floods and other hydrological extreme events; thermal extremes including hot spells
affecting water masses; extreme winds, storms and severe weather events (such as hail and lightning); sea
level and wave extreme events.
4. Model Simulations of climate variability and climate change, which includes model studies (both
dynamical and statistical approaches) focused on the regional scale and addressing various themes: model
improvements for accurate modelling of climate variability and climate change; evaluation of global and
regional climate models over the Mediterranean region; expected changes in atmospheric and oceanic
mean states and variability including extreme events; evaluation of uncertainties of climate projections.
5. Impacts of natural and anthropogenic climate change and mitigation/adaptation strategies, which
addresses impacts on societies, ecosystems, economy, environment and including themes such as: land and
marine ecosystem vulnerability and adaptation; resilience of ecosystems to climate change; impacts on
coastal management and adaptation strategies; impacts on transport networks and adaptation strategies;
socio-economic impact assessments (e.g. the tourism, energy production and food production sectors).

The steering committee thanks the Middle East Technical University (METU) for its support and hospitality
in the Cultural and Congress Center, the sponsor organizations AEMET, CMCC, EGU, ENEA, TUBITAK for
their support, the organizing committee and the conference secretariat for their work, the conveners for
the conference organization, the scientific committee for advise and suggestions.

Piero Lionello and, Emin Özsoy
on behalf of the conference Steering Committee
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METU, ANKARA, 23 JUN 2014

PROF. AHMET ACAR
RECTOR
MIDDLE EAST TECHNICAL UNIVERSITY

Dear friends of the earth and its civilization,
Dear guests and participants of the MedCLIVAR 2014 Conference,

I welcome you all to the Middle East Technical University. It is very satisfying for us to host a high-level
scientific conference, addressing one of the most serious problems of our common civilization, aiming to
reveal and understand intricacies of climate variability and climate change.

The Middle East Technical University is one of the foremost Universities in Turkey and its region, and a welldeserved full participant of the world scientific arena. We have a number of faculties and research groups
at our University that are actively involved in basic and applied research, including environmental research.
We aim technological and socio-economic development, which we hope is also sustainable. Scientists
involved in numerous programs of the University address oceanography and marine science, water
resources, earth system science, coastal and environmental engineering, which need to work in an
integrative way.

Please make yourselves at home here, first of all because we share the same ‘Old World’, which is now
facing serious impacts of accelerating climate change. Secondly, it is great to have the most recent
MedCLIVAR activity here at the focal point of the Eastern Mediterranean, especially at our University,
matching also our well-defined mission, strategy and scientific programs. We are honored to have a
distinguished community of climate and earth scientists convened here at the modern campus of our
University at the heart of the Old World! It is here that the fates of great continents and great seas
converge, calling for focused multi-disciplinary scientific investigations of multi-scale, multi-faceted
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processes. Furthermore, the Old World has old and new problems, but needs new solutions . Therefore the
role of universities is monumental.

The Old World we live in embodies many contrasts. This is especially important because we understand
that the climate problem is precisely a problem of contrasts; it is either enhanced by contrasts or can lead
to sharp contrasts and extremes. The human mission to build a sustainable future aims to reduce the
impacts and contrasts of climate, in natural and also socio-economic environments, and be able to
peacefully share this world. The key is to fight the contrasts between the rich and the poor, as pointed out
often by the most authoritative people in climate affairs.

Our region, the Mediterranean, Black Sea, Caspian Sea, and the surrounding continents today already face
serious problems: water shortages, crop changes, deforestation, biodiversity changes, eutrophication,
toxicity, and may soon face others such as, sea-level rise, rise in extreme events, acidification, ecosystems
collapse. The narrow link provided by the Turkish Straits System between the Mediterranean and the Black
Sea, two interconnected basins with the highest levels of contrast, appears highly endangered not only by
changes in the adjacent seas and lands, but also because of human encounters, steep rise in population,
energy corridors, transport, industry, political greed and crazy building activity.

You may know the popular sentiment that “everyone talks about climate but no one does anything about
it”. This sentiment may not be accurate but nevertheless seems to reflect the huge scale of the problem,
calling for action in the real world. We, as individuals, may not be experiencing the climate change problem
fully yet, but those days may not be in the distant future. Yes, our generation must start doing something
about it!

We all know that the modern problem of climate change has many facets: physical, chemical, ecological
and social as well as economical, historical… But the methods used to understand the intricate web that
determines the state and evolution of the system essentially is one that should strictly use the methods of
science – experiments, analyses and models.

Therefore, once more I welcome and encourage you to deal with the modern problems of the Old World
through modern science, and I wish the best of success for your conference.

Best wishes to our international community!
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THE HOLOCENE BLACK SEA LEVEL OSCILLATIONS: CONNECTIONS WITH THE
MEDITERRANEAN SEA AND ANCIENT SOCIETIES
Andrey Tchepalyga (1)
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Three stages of sea-level rise in the Black Sea after the LGM are recorded: from -100m to -40m in
the isolated New Euxinean basin (18-10 ka BP), from -40m to the modern levels in the early
Holocene (10-6 ka BP) following the reconnection with the Mediterranean Sea and the stage of
Late Holocene variations between 0 and -10 - 15m. The reconstructions of the sea level oscillations
are based on the data from several locations including the coastal sand barriers in the Kuban river
delta and on the antique culture beds VI C BP – VI C AD in Phanagorea and other Greek sites. The
first penetration of Mediterranean waters occurred during the Burgazian transgression 9.5-7.9 ka
BP, when the sea level raised up to -10 -20 m. The subsequent regressive phase is represented in
the Kuban river delta by the peat aged 7380 ± 80 yrs. The level of this Prekalamitian regression
was about -27 m below present. During the following Kalamitian regression the sea level reached
its modern value. The next Djemetian transgression with three high stands at 3.8,3.1 (up to +0.5+1m above present value) and 2.6 ka BP was characterized by the maximum sea level and salinity.
However, the above mentioned transgressions were interrupted by the short-term Kundukian
(about 4.2-4 ka BP) and Fanagorean (2.5-2.3 ka BP or V-IV с. ВС) regressions when the sea level is
suggested to be as low as -10 to -15 m relative to modern values. The level drop caused an
emergence of the upper Black Sea shelf, Kerch strait and a major part of the Azov Sea which is well
represented in peat beds, over-deepened river valleys on the Caucasian coast, and in archeological
relics including flooded ancient Greek towns of Agra, Korocondama and others. The Nymphaean
transgression at 2.3-1.2 ka BP (Roman time, III с. ВС - VIII с. AD) also consisted of three high-stand
stages alternated with two low stands (-1 to -3m). During the Korsun regression (Vlll-X c. AD),
recognized in the Khersones cultural layers the sea level likely reached -3.5- -4 m. Only minor
oscillations occurred after the last Orda High stand (XIII-XV c. AD, i.e. 800-600 yrs BP). In conditions
of shallow basins and plain topography the sea level oscillations resulted in substantial
displacement of the shoreline and changes in coastal relief which has affected the environmental
conditions of ancient people and caused changes in their diet, displaced habitats, submerged
cultural beds and settlements, and caused the replacement of marine ports by river harbors.
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HOLOCENE VEGETATION DYNAMICS IN THE CENTRAL PYRENEES (SPAIN)
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High resolution multiproxy data (pollen, sedimentology, geochemistry and chironomids) from the
Basa de la Mora (BSM) lake sequence (42º32’ N, 0º19’ E, 1914 m a.s.l.) show marked climate
variability in the central southern Pyrenees throughout the Holocene. A very high sedimentation
rate and a robust age model based on 15 AMS radiocarbon dates reveal the first precise
reconstruction of rapid climate changes during the Holocene from this area. Additionally, the
Holocene palynological record from Lake Estanya (EST) (670 m a.s.l., 42°02’N, 0°32’E) provides the
first Holocene vegetation reconstruction from the basal belt of the southern Pyrenees. The
comparison of the EST and BSM sequences illustrates the role of temperature and precipitation
changes as main drivers of the altitudinal vegetation shifts in the southern Pyrenees during the
Holocene.

The onset of the Holocene (11.7-9.8 cal Ka BP) was characterized by the occurrence of high
seasonality and low water availability that led to the expansion of steppe communities dominated
by Juniperus and Artemisia in the lowlands.

The second part of the Early Holocene (9.8-8.2 cal Ka BP) was characterized by still high
continentality but increased water availability and milder winter temperatures that allowed the
expansion of the arboreal taxa in the lowlands and favored the rise of the forest upwards.
Superimposed on these long-term climate conditions the BSM sequence shows the existence of at
least four short-living and abrupt climate shifts centered at 9.7, 9.3, 8.8 and 8.3 cal ka BP and
characterized by dry conditions.

The Mid Holocene (8.2-6 cal Ka BP) was characterized by an increase in winter temperatures and a
change in the precipitation characterized by high rates of rainfall and absence of a dry season
(Atlantic-like precipitation pattern) that led to the upward migration of the deciduous forest.
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At ca 6 cal Ka BP, it took place a change toward drier and similar-to-present conditions. This
change took place in two main steps. Between 6 and 4.8 cal Ka BP, it established a Mediterraneanlike pattern with the occurrence of a dry season that resulted in the substitution of the deciduous
forest by a pine forest. From 4.8 cal Ka BP, it took place a progressive decline in the total amount
of annual rainfall that led to a reduction in the presence of mesophytes and an expansion of semideciduous and evergreen Quercus.
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There are few highly resolved, chronologically well-anchored continental records documenting the
MIS5 climatic instability over Mediterranean area, particularly for montane sites. Understanding
rapid climate changes in high-altitude areas is of particular relevance because water availability in
the Mediterranean basin is generally scarce and unevenly distributed, and mostly dependent on
runoff from mountain areas. We present a comparison of the hydrological variability emerged
from a N-S transect over the Apennine (Italy) for early to late MIS5 (ca. 130 to 90 ka). Investigated
stable isotope records comprise speleothems from the Apuan Alps (Corchia Cave and Tana che
Urla Cave, Tuscany, northern Italy) and a lacustrine succession from the Sulmona basin (Abruzzo,
southern Italy). All three records are independently dated by means of U/Th dating for
speleothems and by 40Ar/39Ar dating and tephras correlations for lake carbonates. The observed
variability, both on orbital to sub-orbital time scales, is interpreted in terms of changes in the
amount and source of the precipitation and is consistent among the three sites, indicating a
spatially consistent pattern of hydrological variability over the central and northern Apennines
during MIS 5. The observed features correlate well also with Greenland /interstadials from GI27 to
GI22 and with North Atlantic cold events from C28 to C22, indicating a strong MediterraneanNorth Atlantic climate teleconnection during this period. Moreover, different amplitude of
hydrological variability with respect to regional temperature records and correlations with pollen
records, allow to disentangle the seasonality pattern of the precipitation for late MIS5 and to
relate it to precessional forcing.
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Lake Hazar (Southeastern Turkey), which is located on the East Anatolian Fault Zone, is an
oligotrophic, alkaline (avg. pH 9.1), tectonic lake. Lake Hazar is an elongated intramontane basin at
approximately 1500 m altitude. The present climate of the region is Continental Mediterranean
which is similar with Mediterranean semiarid subtropical and the summer- winter temperature
differences are high.

This study focuses on climatic and environmental sedimentary records of the last 15 ka in Lake
Hazar. For this purpose a 3.48 m long core (Hz11P03) is recovered at 50 m water depth from west
of the lake.

Hz11P03 was analyzed for physical properties at 20 mm resolution using Multi Sensor Core Logger
(MSCL), multi-element geochemical analysis at 10 mm resolution using XRF core scanner. The core
is sampled at 25 mm intervals for ostracoda analysis. The ostracoda shells in the sand size fraction
of the sediment samples were identified under binocular microscope and suitable “Candona
neglecta” species were picked and analyzed for the stable oxygen and carbon isotope analysis. The
sedimentary sequence has been dated by 6 AMS radiocarbon ages, obtaining from mollusc,
ostracoda shells and plant materials. The radiocarbon ages were calibrated to calendar year using
Calib. 6.0 software.
As a result of multiproxy data analysis, the wetter warm spells Bolling-Allerod, an abrupt Late
Pleistocene-Holocene transition, Medieval Climate Optimum and dryer cold spells; Younger dryas,
8.2 ka event, Little Ice Age are observed in sediment records and also the results are well
correlated with the Sofular Cave (Zonguldak, N Turkey) high resolution speolethem stable carbon
isotope data.
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To look for a pattern in nature is a humanistic way of trying to find answers to problems of nature.
Therefore, since the early 18th century people tried to understand periodic behavior of climate.
Lake Van (1650 m asl) and Lake Hazar (1240 m asl) lie in the Eastern Anatolia high plateau and
have Mediterranean climate embedded into continental climate. Lake Van is a dammed lake by
the Nemrut volcano, which is one of the many surrounding semi-active volcanoes, and it is the
largest soda lake and fourth largest terminal lake of the world. Lake Hazar is a tectonic lake and
has alkaline water chemistry. For this study we have investigated the cycles of Lake Van’s and
Hazar’s undisturbed drilled sediment core data, which are interpreted as paleoclimate signals.
A 145.5 meters long composite core that spans the last 90,000 years, on Lake Van is drilled within
the framework of PALEOVAN project (ICDP) and a 3.48 meters long piston core that spans the last
18,000 years is recovered from Lake Hazar. Carbon dating, 40Ar/39Ar ages, correlation of tephra
layers and correlation of the data with MIS gave the age model of Lake Van. For Lake Hazar six 14C
ages are used. The geochemical results for Lake Van, obtained by XRF Core Scanner, stable oxygen
and carbon isotope data and total organic and inorganic carbon data (with an approximate
resolution of 0.4, 315 and 315 years respectively) and the XRF-magnetic susceptibility data for
Lake Hazar (with an approximate resolution of 5.3 and 53 years respectively) are subjected to time
series analysis, i.e. moving average and detrending the data. Since the data are not evenly spaced,
we preferred the Lomb-Scargle periodogram spectral technique to find the periods that lie in the
data.
The results of the analyses of the longest continuous continental climate records so far obtained
from Anatolia -Lake Van data- show up the presence of the precession of the equinoxes,
harmonics of Milankovitch cycles and Dansgaard/Oeschger cycles. Holocene spectral analyses of
Lake Van and Hazar give the solar cycles and the so called Bond cycle.
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We studied the Holocene Black Sea reconnection to the Mediterranean with the special emphasis
on the marine species immigration and settling on the NE Caucasian shelf as well as the
disappearance of species of Caspian origin. The distribution of different groups of fossils is
quantitatively analyzed from four radiocarbon dated sediment cores. These were retrieved from
the NE shelf off Arkhipo-Osipovka village during the RV Akvanavt cruises. Our multi-proxy
approach revealed the significant discrepancies in the rate of immigration of molluscs, ostracods
and foraminifers which suggest differences in ecological preferences. However, both molluscs and
ostracods are of brackish character as early as ~8ka, during the so-called Bugasian transgression,
suggesting a salinity of 5-7. However, the salt composition of the water was still similar to that of
the Caspian Sea and not of the modern Black Sea. Dinocyst assemblages present species
succession that is coherent across the basin, with brackish taxa dominating until ~8.5ka and being
slowly replaced by euryhaline species The typical Caspian mollusc fauna disappeared from the NE
shelf by ~ 7ka, while the Mediterranean immigrants appeared as early as 8ka. The most salinityloving, low-oxygen tolerant and relatively deep-water species Modiolus phaseolinus settled as late
as ~ 4ka, i.e. ~ 3ka later than the sea level and bottom water salinity reached their modern values.
Ostracods demonstrate a gradual change from brackish to marine assemblages. Some brackish
species surviving at present in the estuaries of the Black and Azov Seas were identified. Similar
findings were observed in the dinocyst record, with the occurrence of Spiniferites cruciformis in
the last 1000 years. Our data indicate that the ostracods are sensitive to the sea water salt
composition along with their previously inferred sensitivity to the salinity rise during the Early
Holocene. Benthic foraminifers only inhabited the NE shelf much later from 7.2ka onwards. No
Caspian species were found in our records. Like the ostracods, foraminifers show very low
abundances at 6.3-6.2ka. The sediments of this interval contain gypsum which potentially
indicates the temporal appearance of hydrogen sulphide at the shelf break which would
dramatically reduce the abundance of benthic fauna. The mid-Holocene ostracod assemblages
were very unstable with the modern fauna forming at ~4-3ka BP, i.e. about the time of Modiolus
phaseolinus settling on the NE shelf.
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In this paper, we show that oxygen isotopes from the shell carbonate of modern Helix
melanostoma land snails reflect climate parameters in the southeast Mediterranean. Strong and
significant correlations were found between the oxygen isotope ratio of the shell and the oxygen
isotope ratio of rainfall, and between the oxygen isotope ratio of the shell and rainfall amount
suggesting that H. melanostoma shells can be used as a proxy for past rainfall conditions. Simple
and multiple linear regressions were used to develop predictive models for these climate
parameters. These models were applied to H. melanostoma shells from the archaeological site of
Haua Fteah in Libya to construct a palaeoenvironmental framework for interpreting north African
human-environment interactions from the Epipaleolithic to the Neolithic (~20,000 to 5,000 years
ago). The land snail stable isotope records from Haua Fteah revealed that cool arid conditions in
the cave peaked during MIS 2. However, this time was only marginally drier than previous and
subsequent stages in the cave and coincided with an increase in occupation density. This suggests
that the Gebel Akhdar may have served as an environmental refugium from the more extreme
aridity in the surrounding Sahara and the arid coastal plains for Late Stone Age (LSA) populations
in north Africa. Environmental conditions became progressively wetter towards the Holocene.
However, generally wetter conditions were interrupted by two arid episodes at c.8.0 ka and 7.3 ka
that appear to coincide with regional changes reflected elsewhere in the Mediterranean basin and
also with technological changes in the archaeological sequence.
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Soreq (Israel) and Corchia (central Italy) Caves are located 2500 km far apart along the
Mediterranean winter-storm track and are ideally suited for investigating past variations of winter
rainfall in the Mediterranean region. Analyses of speleothem d18O records from both caves for
the period between ca. 7 to 4 ka BP show some striking similarities for the ca. 6 and 4 ka interval,
but lack agreement between ca. 7 to 6 ka BP. Two prominent isotopic excursions, argued to reflect
relatively drier conditions, are centred at ca. 5.6 and ca. 5.2 ka BP. The 5.2 ka event lasts less than
a century, whereas the 5.6 ka event extends from ca. 5.7 to 5.4 ka BP. A period of progressive
drying is also apparent from ca. 5 to 4 ka. Another prominent event, reflecting wetter conditions,
is recorded in both records at ca. 5.8 ka and seems to last several decades. The 5.6 and 5.2 ka
events occurred within a period of higher deposition of haematite-stained grains in cores of the
sub-polar North Atlantic, suggesting that rainfall reduction was related to a southward shift of the
polar front, which reduced vapour advection from Atlantic towards the Mediterranean. A
comparison with Alpine records, including the Spannagel Cave isotope record, suggests that dry
events recorded at Soreq and Corchia Caves may correspond to wetter (lake high stands) and
cooler (glacier expansion) conditions in the Alpine region, indicating complex regional climate reorganization.
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The Lake Hazar is located on the left-lateral East Anatolian Fault Zone (EAFZ) at ~1100 m elevation
on the East Anatolian Plateau. Precise correlation of high-resolution seismic and core stratigrafies
in this study provided an accurate chronology for lake level changes and multi-proxy core data for
climate during the last 30 ka BP. Subdivision of the lake infill into different facies in the seismics
and cores reveals different subenvironments, each subject to a distinctive hydrological and
sedimentological processes controlled by the climatic changes. An abrupt climatic shift at the
transition from MIS-3 to MIS-2 is recorded in seismic profiles by formation of progradational unit
below -80 meter below present lake level (mbpll) on the shelves of the lake. The continued lake
level drop was modulated by formation of -93 mbpll paleo-terrace, and then attined its maximum
lowstand at -105 mbpll due to cold and dry climate at the onset of Last Glacial Maximum (LGM).
The initiation of the Bølling/Allerød interstadial is documented by multi-proxy analyses of the
cores displaying increased physical weathering and erosion in the catchment, thus resulting in high
clastic sediment supply due to warm and wet climate during this period. The last climatic drought
prior to the Holocene is recorded in the cores during the Younger Dryas (YD) that is marked by a
major unconformity surface in the seismic profiles. This major shelf-crossing unconformity surface
truncates older sedimentary units below, implying a lowstand water level of the lake at -73 mbpll.
According to pollen record, the beginning of Holocene was associated by an expansion of
vegetation due to increased warming and humidity after the YD, which was associated with a
sudden lake level rise recorded by subaqueous paleo-terraces at -63 mbpll and -56 mbpll in the
seismic profiles. At the beginnig of mid-Holocene, the higher humidity in Eruope and eastern
Mediterranean allowed wide-spread delta depositions. Increasing moisture and consequently high
river runoff prevailed in Lake Hazar, with the major Kürkçayi River building an extensive delta over
the western shelf of the lake. The onset of the late Holocene is associated with rising lake level
above -38 mbpll, followed by a remarkable climatic shift to the major drought period during the
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late Holocene is only recorded at 2.7 ka BP when the lake level decreased about by ~ 15 to ~-43
mbpll.
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The Mediterranean landscape has been strongly shaped by natural and anthropogenic forces at
least since the Holocene. Understanding past evidence of natural versus human-induced
environmental configuration is a challenge for environmental scientists and an essential task for
management and conservation of Mediterranean environments and biodiversity. Late Pleistocene
and Holocene archaeological deposits from central Mediterranean regions contain abundant
terrestrial gastropod shell remains, and stable isotope studies have provided valuable snapshots
on past climate and environment conditions, parallel to long-term palaeoclimatic records. Here we
present stable carbon and oxygen isotope data from snail shells from several archaeological
deposits in W Mediterranean (Iberian and Italian Peninsula) and discuss their implications for
understanding climate and environmental changes at the onset of the Holocene. Because these
records are associated with human remains they also have a great potential to elucidate human
impact on the landscape.
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In the context of a changing global climate, it is important to understand Mediterranean hydroclimatic variability over timescales longer than those that can be obtained from direct monitoring
and observations (i.e. >100 years). The long-term frequency, duration and intensity of drought
periods are especially significant for rain-fed agriculture, water supply, and other key human
needs. We have reconstructed a decadal-average drought index (P/E) from the annually-laminated
lake sediment record of Nar lake in Cappadocia, central Anatolia from 1400 CE to the present-day.
Oxygen isotopes of carbonates and other climate proxies from individual lake varves have been
calibrated against temperature, precipitation, etc., from four central Anatolian meteorological
stations for the last ~70 years to derive a regional drought index. Analysis of historical
meteorological data shows that trends are likely to be representative of the Central Anatolian
Climate Region as a whole (Türkeş, 2003, In: Bolle H.-J. (ed.), Mediterranean Climate – Variability
and Trends. Springer-Verlag, pp. 181–213.). Because of the multi-year residence time of the lake
water, sedimentary proxy data from Nar represent a weighted 8-year P/E average, and can
therefore identify past droughts of decadal or longer duration, but not year-to-year variations
(Jones et al., J. Paleolim., 2005, 34: 391-411). We have confirmed this relationship by annual
monitoring of Nar lake since 1998, a time period which has included a climate-related fall in lake
level, increase in salinity and rise in d18O. Our “calibration in time” has been applied to d18O
analyses from Nar lake sediment cores (Jones et al., Geology, 2006, 34: 361-4), to reveal drought
events during the Little Ice Age and modern times. These include major drought phases during the
early 15th century, at the end of the 16th century coincident with the Celali rebellion (White,
2011, The climate of rebellion in the early modern Ottoman empire), and also in the mid-late 19th
century.
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What was the role of climate change in the evolution of human society? The present contribution
is intended to take up some of the challenges raised in the course of recent discussions on the role
of climate and the environment in the history of Roman and early medieval Europe that make a
significant contribution to the debate on the role of environmental factors in the evolution of
human society. Anatolia was for several centuries the heart of the medieval eastern Roman
empire, and the integration of high-resolution archaeological, textual and environmental data with
longer-term low-resolution palaeo-environmental data affords greater precision in identifying
some of the causal relationships underlying societal change. This regional focus ensures spatial
congruence between the various lines of evidence in order to analyse the causal relationships
between human activity, environmental change and the transformation of social, economic and
political structures. The Anatolian case challenges a number of assumptions about the impact of
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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 or, following the
subsequent recovery of the Empire in the tenth century, the arrival of Turkish nomads that
appears to coincide with a sudden downturn in rural agrarian activities, especially on the central
Anatolian plateau and around its fringes. Such shifts, observable in the palaeo-environmental as
well as the archaeological and historical data, reflect a complex interaction of anthropogenic and
natural factors. In thus promoting further collaboration among historians, archaeologists and
climate scientists, it is argued that a better understanding and a more effective interrogation of
the relationship between environment, society and historical change can be achieved. Haldon, J.
et al., (2014, in press) Journal of Interdisciplinary History.
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EFFECT OF WATER LEVEL CHANGE ON BENTHIC-PELAGIC EXCHANGE IN THREE
TURKISH SHALLOW LAKES: A PALEOLIMNOLOGICAL APPROACH
Eti Ester Levi (1), Gizem Bezirci (1), Ayşe İdil Çakıroğlu (1), Simon Turner (2), Lisa Skov Hansen (3),
Martin Kernan (2), Erik Jeppesen, Meryem Beklioğlu (1,6)

(1) Biological Sciences Department, Middle East Technical University, Ankara, Turkey
(2) Ecrc, University College London, London, United Kingdom
(3) Department Of Bioscience, Aarhus University, Silkeborg, Denmark
(4) Sino-Danish Centre For Education And Research (sdc), Beijing, China
(5) Greenland Climate Research Centre (gcrc), Greenland Institute Of Natural Resources,
Nuuk, Greenland
(6) Kemal Kurdaş Ecological Research and Training Stations, Lake Eymir, Middle East
Technical University, Ankara, Turkey

Contact: eti@thelevis.com

Strong natural or human induced water level fluctuations has been known to have an influence on
shallow lakes, especially the ones located in semi-arid to arid Mediterranean climate regions, like
Turkey. Biological variables such as, aquatic macrophytes, zooplankton and phytoplankton are also
known to react to ecological changes occuring in lakes and thus are valuable indicators of
environmental changes. Therefore, in the absence of historical data their sedimentary remains
may provide information on the long-term dynamics of the lakes (e.g the effect of water level
change). The main aim of this study, which was funded by EU-FP7- REFRESH, was to test the
impact of hydrology on ecosystem structure and function using long term instrumental water level
data and physical, chemical and biological multiproxies. To achieve this aim, core samples from
Lakes Beyşehir, Marmara and Uluabat were retrieved with a Livingstone Piston Corer from littoral
and pelagic of the lakes, for sub-fossil cladoceran, diatom, plant remain and pigment analysis.
Moreover, all the cores were dated with 210Pb analysis, also X-ray fluorescence (XRF) and loss on
ignition (LOI) analysis were conducted. Results from Lake Beyşehir indicated a gradual change
throughout the core from benthic associated communities to more pelagic ones. However, the
cores from both Lakes Marmara and Uluabat indicated a more benthic ecosystem structure
throughout the comprised periods. The results also suggested that the effect of human
manipulation through fish introduction or channel/regulator construction influenced the response
of the proxies and complicated the interpretations of changing ecological conditions throughout
the cores.
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The Mediterranean region is one of the hot spots of potential anthropogenic climate change with
significant alterations of the mean climate state. Although this proposed future change is mainly
manifested in summer dry conditions, changes in winter, e.g. in precipitation, seems not to be of
similar coherence between different model simulations and in magnitude comparable to
interannual variability. Among the natural hazards affecting this region, extreme cyclones play an
important role: these high-impact weather events may cause windstorms, storm surges, landslides
and flooding, mainly in the winter season. This study will investigate cyclones and wind storms in
the Mediterranean, considering its extremity relative to the background climatology in the
Mediterranean, in three sections. Part one will concentrate on cyclones and their relation to wind
storm tracks and their variations associated with large-scale climate variability modes (NAO,
EAWR, SCAND). In a second part we discuss changes in the frequency and intensity of cyclones and
associated windstorms affecting the Mediterranean region simulated under enhanced
Greenhouse Gas forcing conditions. This analysis is based on 7 climate model integrations
performed with two coupled global models (ECHAM5 MPIOM and INGV CMCC). In section three a
specific cyclone related process of high impact is analysed in more detail for changes under future
climate conditions: cyclones travelling from the western Mediterranean north-eastward leading to
high precipitation amounts in central Europe.
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INTER-ANNUAL VARIABILITY OF UPPER LAYER BLOCKING OF THE
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A numerical ocean model of the Turkish Straits System (TSS) has been implemented based on the
HYbrid Coordinate Ocean Model (HYCOM). Model results and satellite Sea Surface Temperature
(SST) were used to understand the connection between the Dardanelles Strait outflow and wind
stress during the model integration. To extent the time period beyond the model integration time,
a proxy variable representing the amount of the Dardanelles Strait outflow was constructed based
on above connection. The inter-annual variability of the water transport between 1978-2013 is
investigated by using this proxy variable. It is shown that the variability in the Black Sea Water
(BSW) outflow is highly correlated with the fish catches in the Aegean Sea.
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This study is the first to identify objectively 'parent-daughter' relationship between cyclones and is
applied for the Mediterranean cyclones (MCs). The aim of the study is to explore the sources of
MCs by identifying their parents and tracking them back several generations.
The study analyzes MCs that lasted for at least 24 hours, based on the ECMWF interim data for 30
mid-winter (DJF) seasons. The tracking algorithm is based on common methods, with
modifications done for coping with the irregularities of the Mediterranean resulting from the
complex terrain. The parenthood was determined while a cyclogenesis took place within a 2.25
range of the influence area of an existing cyclone, defined as the 'parent' cyclone. The influence
area of a cyclone was defined as the continuous area extending from its center where the pressure
rises and the flow is cyclonically curved.
The analysis indicated that 97% of the 3,202 MCs generated within the Mediterranean have
parents. Surprisingly, most of the parents (61.4%) are found within the Mediterranean itself and
the rest are from the Atlantic, Europe and North Africa, including the Red Sea. Exploration of
previous generations was done by tracking back the chain of parents, grandparents etc. down to
the 9th generation. The birth location of the earliest parents found for a certain MC is considered
as its source. It is shown that the primary source regions are the Atlantic (64%) and Equatorial
Africa and southern Red Sea (23%), and the secondary are southern Europe (5%) and the
Mediterranean itself (8%).
Our results indicate that the majority of MCs owe their existence to the Atlantic – European
cyclone track and to the cyclogenetic character of the MB. It can be concluded that the
Mediterranean cyclogenesis is manifested in two ways; one is the tendency of cyclones to be
generated whenever a cyclone passes in the area surrounding the Mediterranean, e.g., the
eastern Atlantic or south Europe, and the second is the 'self maintaining' nature of the MCs, i.e.,
when an MC is formed, it has a high probability to produce a daughter MC and so on.
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In Autumn, the Mediterranean coasts are prone to heavy rain events. Even though these events
have been extensively studied, the extent to which they are sensitive to the coupled effects
between atmosphere and ocean is still an open question. Such coupled effects include the effect
of cold continental winds which are able to cool the surface of the sea rapidly in autumn, which
can in turn have an impact on subsequent heavy rain events.

To quantify such coupled effects, two different 20km-resolution regional climate simulations have
been performed for the 1989-2009 period:

- An atmosphere-only simulation forced by ERA-interim SST
- A coupled atmosphere-ocean simulation, which generates a high-resolution coupled SST.

However it is not possible to directly assess the impact of air-sea coupling on Mediterranean rain
event by comparing these two simulations. In fact, the difference between the ERA-interim SST
used to force the first simulation and the high-resolution SST is not only due to air-sea coupling,
but also to different biases and climatology. In order to be able to isolate the impact of coupled
processes on the rain event, a third simulation has been performed by forcing the atmospheric
model by a SST field obtained from the high-resolution coupled SST field but from which the quick
(submonthly) variations of SST (that reflects the rapid feedbacks between atmosphere and ocean)
were removed.

While comparing the first two simulations makes it possible to quantify the impact of different SST
fields on heavy precipitation events, comparing the latter simulations makes it possible to isolate
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the rapid retro-actions. First, two case studies chosen among the 22 heaviest simulated rain
events during the 20 years in question in the Cévennes area are studied. Results show that
important parameters to characterize the impact of SST differences and atmosphere-ocean
coupling on heavy precipitation are the presence of convergence zones and SST differences
upstream of the precipitation area. Then, these two factors are used in order to build an index of
rain sensitivity to SST differences, which is tested qualitatively and statistically for the 22 heaviest
precipitation cases in the Cévennes area during the 1989-2009 decades. Using this index in other
Mediterranean regions shows in which regions heavy precipitation events are most sensitive to
changes in SST resulting either from coupled effects or other processes.
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We present a twofold analysis of long-term trend and variability of different factors affecting the
hydrological cycle over the Alps in spring. The study is based on datasets derived from
observations for the last 150 years. In one case we focus on snowfall flux, which we found shifting
between two different regimes in concert with the Atlantic Multidecadal Oscillation. This
teleconnection is explained by a mixture of changes in circulation and by local climatic feedbacks.
Moreover, we analyzed the timing of the river discharge peaks relative to the main Alpine rivers,
finding similar features of low frequency variability, and a common anticipation tendency of more
than two weeks per century, probably explained by a change of seasonality of total precipitation.
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The motivation of this study is to investigate the intra-seasonal relationship between sea surface
temperature and precipitation (SST-P) in the Anatolian Peninsula, which is a very unique region in
terms of its regional climate system that is strongly affected by it's proximity large water bodies
such as Mediterranean and Black Seas. Furthermore, this study aims to help understand the
underlying mechanisms behind the complex interactions between atmosphere and ocean in the
Mediterranean basin and specifically in the peninsula. The study presents a time-phase
relationship analysis between SST and P, utilizing of a wide set of daily gridded observational
precipitation products (i.e. TRMM, GPCP, E-OBS and ERA- Interim) as well as in-situ observations
and satellite derived gridded SST datasets (AVHRR) to show the range of the uncertainty in the
results. The results clearly show a significant and strong SST-P relationship at intra-seasonal time
scales between the sea surface temperatures of the surrounded seas and precipitation over the
peninsula, which varies seasonally and among the analyzed datasets. In general, the strongest SSTP relationship appears in the fall season, which is common across all of the analyzed datasets. In
this case, the sub-basins of the peninsula exhibit a strong sensitivity to the SSTs of the eastern and
central Mediterranean, as well as the Black Sea. The analysis also indicates a strong SST-P
relationship with eastern Mediterranean, Levantine region and Black Sea in winter and spring, but
with a slightly lower intensity. The evaluation of the results over the sea reveals that the strongest
SST-P relationship appears in the western and central Mediterranean and Black Sea. The study is
also extended with the analysis of the results of the newly developed regional climate modeling
system (RegESM). In this case, the model output is analyzed with the same methodology that is
used in the analysis of the observational datasets to find the same temporal and spatial SST-P
correlation like observational datasets in the model results.

Acknowledgement: This study has been supported by a research grant (113Y108) provided by The
Scientific and Technological Research Council of Turkey (TUBITAK). The computing resources used
in this work to analyze the data were provided by the National Center for High Performance
Computing of Turkey (UHEM) under grant number 500308201
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Evapotranspiration is a central process of a regional climate system because of its linking role
between water and energy cycles. Hence, understanding the dynamics of the evapotranspiration
and its accurate quantification are essential for improving the predictions about the impacts of
climate change on the water resources.
This study presents the comparison of two different approaches for quantifying the
spatiotemporal distribution of the evapotranspiration at the regional scale: the simulations by a
regional climate model (i.e. ICTP-RegCM3), which is atmospherically oriented, versus the
estimations by a surface energy balance model (i.e. SEBS), which is land surface oriented. The
comparison was carried out in the Konya closed basin, whose limited water resources are under
strong anthropogenic pressure due to the extensive and intensive agricultural activities. The
climate of the basin varies from arid, terrestrial character in the inner plain parts (i.e.
evapotranspiration is dominantly limited by water supply) to semi-arid Mediterranean character in
the bordering Taurus Mountains in the southwest (i.e. evapotranspiration is dominantly limited by
atmospheric demand). In this regard, the basin presents an ideal case for testing different
methods in quantifying evapotranspiration under varying land surface and climate conditions. Our
results show that while performing similarly in the energy-limited parts of the basin, the
evapotranspiration estimations by the two methods can differ largely in the water-limited parts
depending on the water-stress conditions.
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Recent studies have shown increasing salinities in the surface and intermediate layers of the
eastern part of Eastern Mediterranean Sea after the middle of the 2000’s decade. In – situ data
collected from different platforms in the Cretan Sea during the 2000’s decade, almost 15 years
after the end of the Eastern Mediterranean Transient (EMT), present evidence of gradually
increasing salinity in the intermediate and deep-intermediate layers of the basin during the same
period. The accumulation of these saline water masses favored dense water formation processes
which finally led to outflow from both West and East Cretan Straits. The density of the outflowing
water masses was greater than typical Levantine/Cretan Intermediate water but not dense
enough to penetrate into the deep/bottom layers of the Eastern Mediterranean. These outflowing
masses comprise a discrete water mass named dense CIW (dCIW) with density ranging between
29.1<s?<29.2 kgr/m3. When the Aegean Sea produces similar dCIW masses, we characterize the
event as “EMT-like”, but when the Aegean Sea produces water masses denser than ~29.20 kgr/m3
then these masses reach the deep/bottom layers of the EMed, which is the case of the EMT event.
A retrospective analysis of in-situ data and literature references during the last four decades,
showed that similar EMT-like events have appeared in the past in two occasions: a) in the 1970’s
and b) during the EMT onset (1987 – 1991). We argue that dCIW export from the Cretan Sea and
the consequent EMT-like events are recurrent, salinity driven phenomena that appear at quasi
regular, almost decadal time intervals. Such events are mostly due to periodical changes of the
Eastern Mediterranean upper thermohaline circulation attributed to an internal oscillating
thermohaline pump mechanism that creates favorable dense water formation conditions in the
Aegean Sea through salinity preconditioning. This internal mechanism seems to dominate over the
atmospheric forcing in provoking dense water formation processes in the Aegean Sea. The role of
the atmosphere is nonetheless significant in regulating the amplitude of the dense water
formation events and mainly defines whether dense water formation processes would create an
EMT or EMT-like event.
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Based on the observed variability of the deep-water characteristics in the Eastern Mediterranean
Sea, multi-decadal high-resolution model simulations, at the basin scale, were carried out in order
to identify the major pattern and processes of deep-water formation variability in the Aegean Sea
and its influence in the adjacent basins deep circulation. Water mass characteristics and deepwater formation process in the Aegean Sea present very large temporal and spatial variability. This
is related to the variability of the atmospheric forcing, the complex topography of the basin as well
as the fact that the Aegean Sea receives very diverse water masses from the adjacent basins. The
lateral fluxes of these water masses are crucial for developing the overall dense water formation
pattern of the Aegean Sea. The central Aegean seems to play a key role in the water mass
formation processes, for the entire Aegean basin. The water mass formation processes, together
with seawater characteristics analysis strongly support the idea that central Aegean waters act as
the connector in the basin-wide thermohaline cells. It is the combination of the high salinities of
the surface waters reaching the central basin with the enhanced winter buoyancy loss that makes
this area favorable for dense water formation. Interannual and decadal to multi-decadal variability
is present in the Eastern Mediterranean sub-basins (with the Eastern Mediterranean Transient
being the most prominent event influencing the deep waters of the whole Eastern
Mediterranean), demonstrating the strong interaction between the various sub-basins. Water
column variability and circulation pattern in the sub-basins are strongly affected by both the
atmospheric forcing and the lateral fluxes through the boundaries with adjacent basins.
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Developing and estimating Regional Ocean Indicators (ROIs) such as ocean heat content (OHC),
ocean freshwater content (OFC) and steric sea level (SSL) is particularly important in vulnerable
populated areas such as the Mediterranean basin. We have used a delayed mode quality
controlled in situ temperature and salinity data set of the Mediterranean Sea from Argo floats and
shipboard measurements to estimate OHC, OFC and SSL at an annual basis for the upper 700 m
depth of the water column. A method based on a box averaging scheme is developed taking into
account general circulation properties of the Mediterranean Sea basin. ROI uncertainty estimation
are due to data processing issues and the choice of the climatology. Decadal (9-years) trends
amount to 2.3±0.2 W/m2 for OHC, -900±300 km3/year for OFC and 1.1±0.3 mm/year for SSL and
are predominantly triggered by corresponding intermediate depth (200-700m) fluctuations in the
eastern Mediterranean Sea (EMED). At interannual time scales, ROI changes are dominant in the
western Mediterranean Sea basin where SSL changes are due to an interplay of both, thermosteric
and halosteric volume changes. In the EMED basin, interannual SSL variations are triggered by
thermosteric volume changes alone. We compare our ROI estimates to independent ocean
observing systems: satellite gravimetry from GRACE and satellite altimetry. We can close the
observed Mediterranean sea level budget within error bars showing that our ROI estimates are
robust.
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The system composed by the two narrow Straits, Dardanelles and Bosphorus, and the Marmara
Sea is known as the Turkish Straits System (TSS). The scientific questions on the role of the TSS in
coupling the adjacent basins of the Mediterranean and Black Seas with highly contrasting
properties and in a region of high climatic variability can only be answered by model predictions of
the processes that determine the integral properties of the coupled sub-systems. This can only be
achieved if the entire TSS is modelled as a finely resolved integral system that appropriately
accounts for the high contrasts in seawater properties, steep topography, hydraulic controls, fine
and meso-scale turbulence, nonlinear and non-hydrostatic effects, thermodynamic states and an
active free-surface in the fullest extent, based on well represented fluid dynamical principles. In
this study the MITgcm is used at very high resolution to study this extreme environment that
needs to be represented as a whole and with the full details of its highly contrasting properties.
The model domain chosen extends over the entire TSS, including also part of the north-east
Aegean Sea at south, and the Black Sea at north of the domain. A non-uniform curvilinear
orthogonal grid covers the domain at variable resolution: from less than 50 m in the two Straits up
to about 1 Km in the Marmara Sea. To adequately resolve the complex hydraulic dynamics of the
TSS, the model grid is made by 100 vertical z-levels. The model is initialised with three different
water masses filling the western part of the domain, the Marmara Sea and the eastern side of the
domain respec vely, with ver cal pro les selected from CTD casts obtained during the cruise of
the R/V B IL IM of the Ins tute of Marine Sciences in June-July 2013. With the initial condition
specified as lock-exchanges at the two straits, the model is left free to adjust to the expected twoway exchange. The capability of MITgcm to represent the two-layer exchange dynamics both in
the straits and in the Marmara Sea is examined. The non-uniform grid and the vertical resolution
implemented have demonstrated to be suitable to capture the fine scales within the two Straits
and also to well represent mesoscale in the Marmara Sea. The response of the currents and
density structure over the water column to different net flow is also examined through the setup
of experiment with varying net barotropic volume fluxes.
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Modern methods of reconstruction of past climate variability allow now to study the decadal
variability in the essential ocean climate variables at unprecedented resolution and accuracy.
Firstly a new classification of estuarine and anti-estuarine regimes has been carried out my means
of basin mean energy budgets with respect to wind and buoyancy forcings. Secondly the
Mediterranean Sea circulation structure has been revisited and characterized. The re-analysis
allowed to depict accurately the Northern Ionian Sea Reversal and the decadal strengthening of
the Levantine circulation, together with the water mass formation variability. Finally the mean sea
level tendency equation has been reformulated and the balances of terms show that the mean sea
level tendency is dominated by a stochastic like contribution due to the mass balance in the basin
at seasonal time scales added to the steric, almost periodic terms.
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According to the Earth Observatory dust storms are considered to be natural hazards, which affect
the ecosystem. The main aim of this study is to analyse the desert dust transport and local dust
contributions in Turkey by using the BSC-DREAM8b model which runs at Turkish State
Meteorological Service besides satellite and ground-based observations. With this main aim,
efficiency of the model were analysed with some test experiments.

In this context, the study period were selected when the dust outbreak occured. Therefore, the
study was focused on the date of 18 April 2012 by investigating Aerosol Index product from OMI
sensor and PM10 concentrations from air quality stations which are controlled by the Ministry of
Environment and Urban Planning in Turkey. After the meteorological conditions were investigated,
Aerosol Optical Depth and Surface Concentration were obtained by using different versions of the
BSC-DREAM8b model with some test experiments. All these model outputs were compared to
satellite and gound-based data.

As a result, dust transport event was analysed in detail with model forecast and satellite data. The
existence of local dust sources were detected in the case study period associated with high aerosol
optical depth. It was also observed that dusts emitted from these arid sources were better catched
by BSC-DREAM8b v1.0 than v2.0. The results obtained show that the local dust storms have to an
important contribution in the air quality levels in Turkey as confirmed by the model simulations.
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A meteorological monitoring system which scrapes real-time, raw data from various internet
resources is introduced. The system preprocesses, checks for quality and stores these data within
a state-of-the-art database, before performing a visualization for real-time display on the web (see
http://web.itu.edu.tr/climate/hava_yeni/index.php). Data sources include the recently installed,
dense network of automatic surface stations belonging to the Turkish Met-Office, as well as those
of other institutions and individuals in Turkey. Over the last decade, both the number of automatic
stations worldwide and the online availability of their real-time observations have increased
dramatically; providing the meteorology/climatology community with a huge volume of data and
an unprecedented opportunity for exploratory data analysis. Therefore, this monitoring system is
meant to exploit the potential of internet for meteorological data acquisition to the furthest
possible extent, without making any compromises about data quality. It is being designed to
become the basis, in the long term, for 1) higher quality climate research in Turkey 2) more
accurate regional and local weather prediction, since in future projects, these real-time data are to
be assimilated into operational models.

49

SESSION 2 - THE REGIONAL CLIMATE SYSTEM: OBSERVATIONS AND PROCESS STUDIES
CONTRIBUTIONS

A MECHANISM FOR THE MULTIDECADAL MODULATION OF ENSO
TELECONNECTION WITH EUROPE
Jorge López-parages (1,2), Belén Rodríguez-fonseca (1,2), Laurent Terray (3)

(1) Dpto. Ftaai. Universidad Complutense De Madrid, Madrid, Spain
(2) Igeo-csic, Madrid, Spain
(3) Cerfacs/cnrs, Climate Modelling And Global Change Team, Toulousse, France

CONTACT: parages@fis.ucm.es

Several studies have found a consistent and statistically significant ENSO impact over the North
Atlantic European Sector (NAES), which could lead to an improvement of the poor skill of current
seasonal forecast systems over Europe. This ENSO signal seems to be nonstationary on time and,
as some authors suggest, it could be modulated by low frequency variability. Hence, the seasonal
climate predictability could be variable and only effective for selected time periods. This study
point to the fact of considering the changes in the ocean mean state as a possible modulator of
ENSO-NAES teleconnection at interannual timescales. Specifically, a long control run of the CNRMCM5 model have been studied to analyze the internal effect in this modulation, and to compare it
with the observations. The model is able to reproduce the leading rainfall mode over the EuroMediterranean region, and its changing link with El Niño. This nonstationary teleconnection have
been identified in coincidence with changes of the zonal mean flow at upper levels, which could
influence the propagation of the waves from tropics to extratropics through the atmosphere, and
hence explain the changing impact over Europe. However, other explanation could be related to
the observed changes in the ocean forcing signal itself. The results obtained here suggest, for both
hypotheses, an important role, although not unique, of the natural internal variability of the SSTs.
Nevertheless, sensivity experiments with General Circulation Models should be done in the future
to better understand the underlying mechanisms.
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Previous studies indicate some increasing in the evaporation averaged over the Mediterranean
basin in the last three decades. In this work we use an objective 3-D Lagrangian model (FLEXPART)
to identify possible changes in the moisture contribution from this source to the continental
precipitation during the period.

The method is based on the movement of a large number of air particles using 3D data from ERAInterim reanalysis. The flow is described by the position of the particles and by the time. The
increases and decreases in moisture along the trajectory can be calculated through changes in
specific humidity (q) with time (being recorded every 6 hours). Adding these changes for all the air
particles residing in the atmospheric column over an area, we can obtain a measure of the surface
freshwater flux E-P (the evaporation minus the precipitation rate). For this study we track (E-P)
from the Mediterranean basin forward in time along the trajectories, limiting the transport times
to 10 days. The forward method allows us to investigate the role of the basin as source of
moisture, identifying those particles that leave it and following them to find where they lose
moisture. Extended winter (E-P) fields (from October to April) were obtained for the 1980-2012
period.

Climatologically, the contribution of moisture from the Mediterranean basin to the winter
continental precipitation can be identified in a sink domain expanding from the northern Africa
towards Europe and the western Asia, and it reaches higher values over the central-east European
regions. A preliminary trend analysis of the (E-P) fields suggests some changes in the contribution
of moisture from the basin during the period. It increased towards some climatological sinks of
moisture (e.g. areas close to the Black Sea), while it reduced towards others (e.g. the Southern
Europe). Results also suggest that new sink regions may be configured during the period studied. A
decadal analysis is being conducted to provide more conclusive statements concerning the
alterations in the moisture transport during the period.
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This study analyses a cyclone track database collected within the framework of IMILAST project by
14 different cyclone detection and tracking methods. They are all based on objective criteria
applied to fields provided by ERA-Interim reanalysis, available 6-hourly and downloaded at 1.5x1.5
space resolution. Four methods considered also fields at 0.75 x 0.75 degs spatial resolution. The
various methods for cyclone identification look for signatures near the surface: minima in mean
sea level pressure or 1000 hPa geopotential height, or for vorticity maxima at 850 hPa. The
tracking is then performed through the analysis of centres identified in consecutive time slots and
imposing a set of a priory conditions on the velocity admissible for mid-latitude cyclones. This
analysis shows that there is a good consistency among methods in terms of trends, annual cycle
and areas of cyclogenesis, if slow moving cyclones and weak cyclones are removed from the data.
This implies most differences among methods can be described by a pair of a scaling factors
characterizing each method (and each region or/and subregion) and that common patterns in
time and space for seasonal cycles and interannual variability of cyclones can be identified. Results
show that internal cyclogenesis is dominant: about 70% of cyclones in the MED are generated
inside the region. Particularly the western part of the basin contributes about 50% of the cyclones.
The Atlantic cyclones contribute about 15% of the cyclones crossing the MED. In the period 19792008 there is no significant trends in the number of cyclones in the Mediterranean region.
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The Eastern Mediterranean Basin (EMB) is economically an important area exploited as tourism,
trade routes, fishers, use of the coastal zone as recreation area and offshore activities, including
oil and gas extraction and offshore exploitation of renewable energy resources. The EMB is
strongly affected by climate variability especially vulnerable to surface warming caused by the
greenhouse emissions (e.g. carbon dioxide, water vapor, methane).
In order to understand the climate variability, the gridded ERA-Interim reanalyzed data extracted
from the European Centre for Medium-Range Weather Forecasts (ECMWF) for sea surface
temperature (SST) and air temperature (T2m) are used to analyze the EMB climate change from
1979 to 2010. The characteristics of monthly, seasonal and yearly time series, monthly and annual
averaged spatial distributions, monthly and annual linear trends are studied. Consequently, direct
correlation between the North Atlantic Oscillation Index (NAOI) and the studied climate variables
is examined. The analysis of this data is expected to present the current weather features that can
be helpful for the stakeholders.
The results indicated that, the ERA-Interim data could describe the large-scale features (trends,
averages and general circulation) of the EMB climate and show good agreements with
observations, remote sensing and modeling techniques. Increasing SST and T2m are the most
important changes. During the period of study, the annual average values (trends) of SST and T2m
over the EMB would be 20.03±1.25 °C (0.39±0.1 °C/decade) and 18.79±1.52 °C (0.43±0.06
°C/decade). Finally, the studied climate variables are clearly linked with the NAOI.
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Typically, 30 years of data are required in order to determine a linear mean sea level (MSL) trend
with a standard error of the order of 0.5 mm/yr. Such requirements on the length of time series
are caused from decimetric interannual to interdecadal variability in tide gauge MSL records. The
degree to which one is able to model the interannual to decadal variability determines the
accuracy of the long-term sea level trends. As Turkish coastal MSL records are relatively short (<
30 years) for long term trend estimation a method based on Empirical Mode Decomposition
(EMD) is used to separate the long-term sea level trend from interannual and decadal oscillations.
Results show that Turkish MSL time series has a nonlinear character and can not be described in
terms of a linear increase alone but includes significant variations on interannual and decadal time
scales. We also demonstrate that EMD method gives more accurate long-term trends in MSL time
series than the traditional linear regression approach.
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The North Western Mediterranean Sea is a well-known place where deep water formation (DWF)
events occur, sustaining the Mediterranean overturning circulation. Thus, it is fundamental to
monitor, study and understand its hydrodynamics to be able to assess and forecast the impact
that these processes have on the climate change.
Here we focus on the Ligurian Sea in the north-eastern part of the Western Mediterranean, that is
occasionally involved in DWF events.
This work aims to present some preliminary results of the analysis of an historical dataset of CTD
profiles from the 1976 to 2014. A box centered in the Ligurian Sea is considered, defined by the
Corsica Channel to the south-east and the Nice-Calvì transects to the west. Geostrophic
calculations have been carried out, focusing on the circulation patterns, that are subject of both
seasonal and interannual variability (Astraldi et al, 1994) and quantifying the transiting water
masses. We consider the Levantine Intermediate Water (LIW), a fraction of which flows out of the
Tyrrhenian northwards and enters the Ligurian Sea and Provençal Basin and becomes the
preconditioning agent in the DWF in the Gulf of Lions (Tanhua et al. 2013), the Atlantic Water
(AW) and also the Western Mediterranean Deep Water (WMDW).
Part of the dataset was accessible thanks to the MEDATLAS project. More specifically from
MEDATLAS we consider the following cruises: EAA2 (August 1976, June 1976, December 1979,
November 1981, October 1982), DYOME I (July 1981), DYOME II (February 1982) , EALP (March
1982), EATY (September 1985, December 1986, November 1987, February 1988, June 1989),
MAD-0792 (July 1992). The dataset has been integrated also with more recent cruises: Sirena06
(July 2006), MEDOCC07 (October 2007), Sesame-IT4 (March 2008), Eurofleets11 (May 2011),
Eurofleets12 (November 2012), Venus2 (June 2013), Ichnussa13 (October 2013), MEDOCC14
(March 2014).
A 20 year long time series from an Acoustic Doppler Current Profiler (ADCP) mounted in the
mooring in the Corsica Channel is also available and useful to quantify the time variability of the
inflow from the Tyrrhenian Sea into the Ligurian Sea. Data from the mooring has been used to
choose more carefully the level of no motion for the geostrophic calculations.
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The spatial and temporal scales of variability of ocean bottom pressure (Pb) in the Mediterranean
Sea are characterized and their relationship with sea level assessed using a high resolution eddypermitting regional ocean model spanning the period 1999-2011. It was found that rapid (periods
of a few days) bottom pressure fluctuations are coherent with sea level and are decoupled
between the eastern and western basins as a result of topographic constraints. In the longer
periods, baroclinic processes gained relevance away from the coast and partially broke the
coherence between sea level and Pb, especially on the western basin. Results confirm that sea
level changes are predominantly barotropic everywhere in the basin at all time scales, except for
the annual cycle. Along the coasts sea level fluctuations partly captured baroclinic processes taking
place in their vicinity. This effect was stronger on the western basin, whereas the coasts of the
Eastern Mediterranean arise as the most suitable proxies for basin wide mean sea level (or ocean
bottom pressure) changes.
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The overturning circulation in the Mediterranean sea is often cited as a small scale lab of the
Atlantic overturning cell. While diapycnal mixing mostly intensified over rough topography in the
Atlantic participates to the overturning cell through the upwelling of bottom and deep water
masses, it is not clear how important such a mechanism is for the fate of Mediterranean water
masses. Indeed there is less energy inputs through winds and tides in the Mediterranean than
there are in some parts of the Atlantic. However, other mechanisms, such as mesoscale flow
interactions with topography, flows through narrow passages and sills, double diffusion … , prevail
and transfer energy to small scale turbulence and mixing. Full depth mixing observations is
obviously lacking in the Mediterranean basin to quantify the importance of those processes. In this
study, we report on observations of turbulent kinetic energy dissipation rates and vertical
diffusivities measured in the western part of the Mediterranean basin. A total of 80 full depth
microstructure profiles were gathered during three cruises on board the Urania R/V. The cruises
took place in June 2013, October 2013 and March/April 2014. Excluding the mixed layer, depth
averaged dissipation rates <ε> are usually weak of order 10^-11 W/kg. Depending on the cruise,
slightly enhanced <ε> (10^-10 W/kg) are found near the western slope of Sardinia at 40°N, in the
Sardinia passage at 38°N, and in a few profiles located in the Algerian basin and around Sicily.
Contrastingly, <ε> is always strong (10^-9-10^-7 W/kg) in the Sicily strait and in the channel of
Corsica. Below 1000 m, typical vertical diffusivities are in the range 3 x 10^-5 to 3 x 10^-4 m2 s-1
since weak dissipation rates are associated with weak buoyancy frequencies. Below the mixed
layer and down to 500 m, vertical diffusivities are usually weaker than 1 x 10^-5 m2 s-1. This
contrasts strongly with the high values of order 10^-3 to 10^-2 m2 s-1 reached in the Sicily strait,
the Corsica Channel and in the mixed layer. We provide as well first insights on the dynamical
processes responsible for enhanced dissipation rates and turbulent mixing, with a focus on the
Sicily Strait and the Tyrrhenian Sea.
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The Etesian wind regime dominates the Aegean Sea in summer, often with gale force winds, fed by
the north to northeasterly winds over the Balkan gap and the Black Sea. This seasonal wind
regime, with inter-annual modulations connected with spatial and temporal climatic patterns
intensifies during the months of July and August, and its steady pattern over the entire region has
important consequences in the Aegean and Black Seas. Case studies are performed by making use
of surface wind and sea surface temperature data measured at the coast, cruise and satellite data,
operational forecasts obtained with a regional atmospheric model (WRF), and from ocean models
(ROMS, NEMO and POM) for the Black Sea. Air-sea interactions are all too significant in this
sensitive region of continental/marine climates. Strong jet currents in the western part of the
Aegean and upwelling along its eastern shores as well as the southeastern Black Sea are
associated with this wind regime. The most intense and continuous upwelling occurs along the
southwest coast of the Black Sea, where the upwelled waters have surface temperatures of about
11°C in July-August, in contrast to the warm waters of up to 28°C elsewhere, leading to shocks to
living fish which are then founded stranded on the coast. Often the strengthening of the winds in
the southern Aegean by topographic-geometric effects, and warm dry air pumped from inland
areas of the Balkans, northern steppes of Black Sea and Anatolia makes forests vulnerable to fires
and hits both sides of the Aegean and the islands. The steady flow of northern originated warm
dry air picks up moisture from the Black Sea and upon meeting on the steep mountain ranges on
the southern coast, intense precipitation often leads to summertime coastal floods and landslides,
such as those recently observed in 2012 and 2013. Often the upwelling, fires and floods occur as a
striking sequence of events in different parts of the region triggered by the same wind system.
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The Online integrated climate-chemistry model (RegCM4-CHEM) is used in this study to identify
the change in the rainfall over Africa due to the role of atmospheric aerosols. In this study, we
investigated the large-scale connection between African aerosol and precipitation over Africa
during the period (2011–2013). The model simulations of RegCM4-CHEM included both of the
direct and indirect effects of atmospheric aerosols. The monthly and daily Moderate Resolution
Imaging Spectroradiometer (MODIS) aerosol products (aerosol optical depth, fine mode fraction)
and Tropical Rainfall Measuring Mission (TRMM) precipitation and rain type is used to validate our
results.

The results indicated that the climate of Africa north of the equator is characterized by
pronounced seasonal contrasts, regulated by the inter-tropical convergence zone (ITCZ). The ITCZ
is made manifest at the surface by the transition zone between the dry harmattan air and the
moist air from the equatorial regions. This transition is marked by discontinuities in wind, dew
point, and temperature.

This study suggests that African aerosol outbreaks in the West African Monsoon (WAM) region can
influence precipitation in the local monsoon system that has direct societal impact on the local
community. Based on the seasonal cycle of dust and smoke and their geographical distribution,
our results suggest that both dust (coarse mode aerosol) and smoke (fine mode aerosol)
contribute to the precipitation suppression. However, the dust effect is evident over the Gulf of
Guinea while the smoke effect is evident over both land and ocean.
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The aim of the paper is to study the interannual-multidecadal variability of cyclonic and
anticyclonic activity in the Mediterranean-Black Sea region associated with global processes in the
ocean-atmosphere system: the North Atlantic Oscillation (NAO), El-Nino-Southern Oscillation
(ENSO), Pacific Decadal Oscillation (PDO) and Atlantic Multidecadal Oscillation (AMO).
Global NCEP/NCAR reanalysis data sets on the 1000 hPa geopotential height in 1948 – 2013 were
used to select cyclones and anticyclones and to calculate their main parameters: frequency, area,
depth and intensity.
It was shown that in winter joint NAO and ENSO influence is responsible for up to 50% of the
variance of the frequency of cyclones and anticyclones in the Black Sea region, while in the
Mediterranean region it determines up to 25% and 30% of the depth and area variance of
cyclones, accordingly. The positive NAO phase separately causes 47% of the decrease (increase) in
the frequency of cyclones (anticyclones) in winter and 32% of the decrease of the frequency of
anticyclones in summer in the Mediterranean-Black Sea region.
Taking into account our results of ENSO-events’ classification, in this paper it was shown that
during the spring ENSO type and summer-autumn short type the frequency of anticyclones in the
Mediterranean-Black Sea region increases, while the frequency of cyclones is characterized by the
positive anomalies during the spring ENSO type and by the opposite sigh anomalies during the
summer-autumn short type.
It was found that during the negative PDO phase winter cyclonic activity in the Black Sea region
doubles in winter-spring. During the positive PDO phase frequency of the Black Sea anticyclones
increases on 45% during autumn-winter, while in the Mediterranean it decreases in summer,
autumn and winter.
It was confirmed that AMO strongly influences the character of cyclonic (anticyclonic) activity in
the Mediterranean-Black Sea region in cold half-year. Positive AMO phase is characterized by
cyclonic (anticyclonic) activity intensification (weakening), while the negative AMO phase is
characterized by the opposite sign anomalies.
The schemes of the main trajectories of the Northern Hemisphere winter cyclones / anticyclones
associated with AMO & PDO joint influence are presented for the two combinations: the first of

60

SESSION 2 - THE REGIONAL CLIMATE SYSTEM: OBSERVATIONS AND PROCESS STUDIES
CONTRIBUTIONS

them is the combination of negative AMO & PDO phases and the second one is the combination of
the positive PDO & negative AMO phases.
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Precipitation over arid and hyper-arid regions represents per se an extreme event, often resulting
in surface-hydrologic impacts comparatively way more catastrophic than in temperate climates.
Intense and short-lived patterns noticeably define the spatio-temporal distribution of precipitation
through arid climates, being intimately related to the local availability of water and energy as well
as to the climatology of large-scale weather systems that sporadically – or seasonally – hit these
areas.
In particular, the link between aridity and sustainable development has became increasingly
important in the last decades, as urban development in desert regions approached a quasiexponential growth.
However – given the limited number of research contributions analyzing rain extremes in hyper
arid environments – is still an open question whether desert rainfall, and in particular its
convective component, is actually more intense than in other climatic regimes, or at least presents
peculiar features connected with the endemically water-limited regime of these regions.
To progress in narrowing this question we present here a diagnostic study of extreme precipitation
over the Arabian Peninsula, as an exemplification of the major synoptic drivers producing intense
precipitation in hot desert climates. The main objective is to understand at which extent the
predictability of highly erratic precipitation patterns characterizing arid climates can be extended
via the analysis of local hydrological extremes signatures embedded in synoptic patterns over
hyper-arid regions. Also, our findings provide a framework to better understand the link between
rainfall intermittency and aridity in water-limited regions of the world.
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Atmospheric blockings are an important component of the intraseasonal variability in the
Northern Hemisphere. Blocking is often referred to as persistent and quasi-stationary large-scale
anticyclonic systems in the mid and high latitudes although there is a lack of agreement on
defining blocking. They are characterized by a strong meridional circulation and a perturbed jet
stream, thus disrupting the regular eastward progression of mid-latitude disturbances. As a
consequence, blocking episodes are associated with anomalous weather conditions over long
periods and large areas of mid and high latitudes, including the Mediterranean region. On the
other hand, blocks represent a challenge for General Circulation Models (GCMs) and hence, the
behavior of blocking in future climate is still unclear. An updated review of different aspects of
blocking is herein presented based on some published studies. They include an assessment of the
performance of different blocking detection indices and some of their discrepancies and
implications. The impacts in temperature and precipitation associated with regional blocking
events over the Euro-Atlantic sector are also described, including the role played by anomalous
blocking activity in recent mega-heatwave episodes. Finally, some sources of uncertainty in the
representation and future projections of blocking by state-of-the-art GCMs are also briefly
discussed.
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This study uses a climatological approach that is based on calculations of different characteristics
of rain-spells by making use of daily precipitation data recorded at 69 principal climatological and
synoptic meteorological stations of the Turkish State Meteorological Service (TSMS) network of
the Republic of Turkey during the period 1970 to 2011. A rain-spell is defined as a series of
consecutive days with a measured daily rainfall equal or higher than 1.0 mm. Each rain-spell is
preceded and followed by at least one dry day. Rain spells are characterized by their average rainspell yield (RSY in mm), average rain-spell intensity (RSI in mm/day) and the average rain-spell
duration (RSD in hrs.). Furthermore, the average annual number of rain-spells (NRS) and the
longest rain-spell duration (LRSD in days) with a return period of at least once in a year were
calculated. All calculated rain-spell variables and parameters were mapped, and their magnitude
and spatial distribution patterns were synthesised by taking into account several climate
classifications including the Köppen-Geiger climate classification as a macro climate controls, the
Thornthwaite’s climate types corresponding to the Moisture Index (Im), two different aridity
indices, and statistical classifications of the precipitation regime and climate types dominated over
different geographical regions of Turkey. The spatial variability of these rain-spell characteristics
and parameters reveal a considerable climatic diversity in Turkey as expected based on the wellknown climate and rainfall regime types performed by the previous peer-reviewed studies such as,
Türkeş (1998, 1999, 2003), Iyigun et al. (2013), Reiser and Kutiel (2009, 2010a, 2010b), Sahin and
Cigizoglu (2012), and Türkeş and Tatlı (2011), etc.
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Most of the analysis performed on extreme precipitation events uses data stored by climate
models with a monthly or daily frequency. Many works focus over the Euro-Mediterranean
domain, using both General Circulation Models and Regional Climate Models, investigating
changes in the different part of the precipitation distribution (such as averaged precipitation or
intense/extreme events only) on a daily time basis. Less effort has been put in investigation of
extreme events at sub-daily time scale. The main goal of this study is to verify possible differences
in projecting future changes in intense and extreme events over the Euro-Mediterranean region,
based on daily or sub-daily time scale. The importance of such analysis arises even due to the
evidence that most of the registered extreme events occur on a sub-daily time scale, such as the
extreme rainfall event registered over Sardinia during November 2013. To address this issue we
use the CMCC-CM climate model, a high resolution fully Coupled General Circulation Model,
developed to provide climate projection data to the community involved in preparing the 5th
assessment report of the Intergovernmental Panel on Climate Change. Changes in intense and
extreme precipitation are investigated at daily and 3 hourly time scale, following one of the
representative concentration pathways (RCPs) considered as illustrative of potential future
scenarios. In particular we consider the RCP8.5 scenario, the one with the highest rate of increase
in greenhouse gas concentrations within the new set of RCPs.
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Prolonged dry spells (PDSs) that occur during the rainy season have severe environmental
implications, including water shortage, damage to agriculture and ecosystems and increased
potential for forest fires. This holds in particular for vulnerable regions, such as the Levant, which
is already subjected to decrease in rainfall and lengthening of dry spells, in agreement with
predictions of climatic models for the coming decades. This is the first extensive study of PDSs that
defines the atmospheric patterns responsible for their occurrence, in a scale of thousands of
kilometers. A total of 178 PDSs, of over 7 days, were found and analyzed in the months NovemberMarch during the 62 years of the study period.
A subjective inspection of upper-level GPH, SLP and lower-level temperature anomalies pointed at
the existence of three PDS types, each associated with different climatic regimes. The 'subtropical',
associated with an expansion of the subtropical high over the majority of the Mediterranean; the
'baroclinic', induced by a pronounced stagnant ridge, being a part of a Rossby wave, and the
'polar', resulting from an intrusion of lower-level continental polar air. Quantitative indices were
derived for objectively classifying each of the PDS types and composite maps for each type
indicated substantial differences in the synoptic configuration among them.
For the subtropical type the dynamic factor of subsidence is found the dominant in preventing
rain. The baroclinic type is induced by both dynamic and thermodynamic factors, and its highest
frequency, 2/3 of the PDSs, evidence that the Levant, in spite of its southern location, is still
dominated by the mid-latitude regime, Rossby waves, in the rainy season even during long dry
spells. The polar type develops while an upper-level blocking high is formed over eastern Europe,
accompanied by a pronounced polar trough east of the Levant and lower-level continental polar
intrusion into the entire Middle East. It is shown that the thermodynamic factor is the dominant
for producing this type.
The classification of PDSs according to synoptic scenarios enables the analysis of future changes in
the occurrence and duration of droughts through the output of climate models.
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High intensity precipitation in Eastern Mediterranean is mainly associated with the cyclone
pathways. These extreme rain events are responsible for physical disasters such as flood events
and landslides, having high impact in the socio-economic life of organized communities. The
cyclone-rain association as well as the characteristics of the cyclones-triggering precipitation of
various accumulations are investigated in this study for the island of Crete.
The European Centre for Medium-Range Weather Forecasts (ECMWF) ERA-Interim 6-hourly mean
sea-level pressure dataset for a thirty year period (1979-2011) are used. Cyclone center
identification and cyclone pathway tracking is achieved with the aim of Melbourne University
algorithm (MS scheme). MS scheme is also used for the identification of cyclone characteristics
such as radius, intensity and propagation velocity. The spatial and temporal daily precipitation
data is realized via a dense gauging network over the island of Crete.
With respect to the 50th, 95th and 99.5th percentiles of cumulative daily precipitation, the data is
classified in three categories of mild, strong and heavy precipitation. Cyclones are considered to
trigger rain events of the above precipitation categories if there is an identified temporal and
spatial match with the field data. Cyclones mainly approach the island of Crete from northwest
and southwest directions while their actual centers causing the rain events are usually located to
the northwest and southeast of the island of Crete. Heavy rain accumulation is found to be related
with cyclone pressure decrease as well as cyclone intensity, depth, radius and propagation velocity
increase. Seasonal changes are also recognized in the cyclone characteristics such as lower
pressure and smaller cyclone radius in the spring in contrast to ones are present in winter and
autumn.
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Cyclones exhibiting dynamical features similar to the ones of tropical cyclones occur occasionally
over the Mediterranean Sea. Mediterranean tropical-like cyclones (MTLC) are characterized by an
axis-symmetric vertical profile, a warm core, and a cloud-free eye surrounded by a cloud cover
with spiral shape.
A fraction of such storms attain hurricane strength and have thus been termed medicanes
(Mediterranean hurricanes). In spite of their small spatial extent and short lifetime -compared to
tropical latitudes hurricanes- they are known to produce severe damage when they hit the highly
populated Mediterranean Sea coasts.

MTLCs are rare phenomena, and due to the scarcity of observations over sea and the coarse
resolution of the long-term reanalysis datasets, it is difficult to construct homogeneous statistics
of their formation. Using an approach based on the high-resolution dynamical downscaling of the
NCEP/NCAR reanalysis data, and exploiting an objective detection algorithm specifically designed
to single out their features, the properties of MTLCs over the last six decades have been studied in
a systematic way, and the linkage between the frequency of medicanes formation and synoptic
patterns have been investigated.

Differently from tropical-latitudes hurricanes, cold air aloft is required in order to enhance
thermodynamic disequilibrium and trigger the formation of Mediterranean tropical-like cyclones.
Due to this, the formation of MTLC is found to occur mostly during the cold season in the western
Mediterranean and in the region extending between the Ionian Sea and the northern coast of
Africa.
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Applying the downscaling procedure to the atmospheric fields produced for the last three decades
of the century by a global climate model, forced with different future climate scenarios
greenhouse gas concentrations, we estimate the impact of climate change on the statistics of
Mediterranean tropical-like cyclones.
We find that the frequency of MTLCs is projected to decrease in climate scenarios, as a
consequence of the lower frequency of environmental configurations favorable for their
formation. The projected intensity of MTLCs detected in future climate simulations shows on the
other hand a tendency to a moderate increase.
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OF EXTREME PRECIPITATION OVER THE EURO-MEDITERRANEAN REGION
Simon O. Krichak (1)

(1) Department Of Geophysics And Planetary Sciences, Raymond And Beverly Sackler
Faculty Of Exact Sciences, Tel Aviv, Israel

CONTACT: shimonk@post.tau.ac.il

An evaluation of the synoptic mechanisms acting during the formation of the cool season events
characterized by very intense precipitation (VIPE) in the Mediterranean region (MR) is performed
based on the data for a large number of recent past MR VIPEs in comparison with those from a
number of previous studies. Results of the analysis indicate an important role in the development
of the MR VIPEs by intrusions of humid air of tropical origin into the mid-latitudes allowing the
initiation of atmospheric rivers (AR) mechanism. In accordance with the conclusion the
establishing of humid day (HD) conditions over or near the area of the MR resulting from the
intense intrusions of humid tropical air over North Eastern Atlantic Ocean or/and the Arabian Sea
may be seen as an important factor for the formation of the MR VIPE. An examination of the 19792013 trends in the frequency of days with HD conditions demonstrates a rise of the characteristic
over the eastern part of North Atlantic Ocean and parts of western Europe and Africa during the
time period. Comparison of the HD trends with the available observational data on the recent past
trends in the fraction of precipitation due to very wet days (R95pTOT) allows suggesting a role of
the trend in the frequency of HDs in the recent past changes in the climatology of extreme
precipitation over the Mediterranean region and western Europe. Results of the evaluation allow
suggesting a notable role of the anthropogenic global climate change and associated with it
decline in the Arctic ice cover in the processes.
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Extreme rainfall events and consequent floods are being observed more frequently in the Western
Black Sea region in Turkey as climate changes. In this study, application of a flood early warning
system is intended by using and calibrating a combined model system. A regional-scale hydrometeorological model system, consisting of Weather Research and Forecasting (WRF) model,
NOAH land surface model and fully distributed NOAH-Hydro hydrologic models, is used for
simulations of 25 heavy-rainfall and major flooding events observed in the Western Black Sea
region between years 2000 and 2011. The performance of WRF model system in simulating
precipitation is tested with 3-dimensional variational (3DVAR) data assimilation scheme. WRFderived precipitation with and without data assimilation and Multi Precipitation Estimates (MPE)
are used in NOAH-Hydro model to simulate streamflow for flood events. Statistical precipitation
analyses show that WRF model with 3DVAR improved precipitation up to 12% with respect to noassimilation. MPE algorithm generally underestimates rainfall and it also showed lower
performance than WRF model with and without data assimilation. Depending on reliability of
precipitation inputs, NOAH-Hydro model produces reasonable flood hydrographs both in structure
and volume. After model calibration is performed using assimilated precipitation inputs in Bartin
Basin, NOAH-Hydro model reduced the average error in streamflow by 23.24% and 53.57% with
calibration for testing events. With calibrated parameters, NOAH-Hydro model forced by WRF
non-assimilated precipitation input also reduced the error in streamflow but with lower rates
(16.67% and 40.72%). With a proper model calibration and reliable precipitation inputs, hydrologic
modeling system is capable of simulating flood events.
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Analysing and understanding the major causes and patterns of the spatial and temporal
characteristics of the climatological dryness are one of the most important topic in the study of
precipitation climatology and variability in time and space. Dryness is crucial mainly in semi-arid,
dry sub-humid and moist semi-humid or semi-humid regions with water shortage, particularly
those dominated by a warm/dry or hot/severe dry Mediterranean type climate regions.
The present study suggests a new approach for analysing dry spells and their annual distribution
and introduces a new term is that of dry days since last rain (DDSLR), aiming at analysing and
presenting the different annual variations the DDSLR across Turkey based on daily precipitation
data recorded at 69 principal climatological and synoptic meteorological stations of the Turkish
State Meteorological Service (TSMS) network of the Republic of Turkey during the period 1970 to
2011. Three different metrics of the dryness are examined; its severity, its consistency and its
temporal uncertainty: The severity of the dryness measures the longest length of the dry period.
The longer this period is, the more severe the dryness is. The consistency considers how
frequently a dry period of a given length occurs. The higher this figure is, the more consistent the
dryness is. Finally, the temporal uncertainty considers the span of time when a dry period of
certain duration can be expected. The longer is this period, the higher is the temporal uncertainty.
Dryness may have many negative consequences on the environment, economy and societies in
many regions around the world. Prolonged dry periods may affect water supply, causing large
damages to the agriculture and the environment, enhance and intensify forest fires and land
degradation. The majority of the Mediterranean basin is characterized by a concentration of
precipitation in winter and also by relatively prolonged hot and dry summers, the so-called
Mediterranean Climate (e.g., Aschmann, 1973). According to the Köppen climate classification, the
driest month in summers receives less than one third than the wettest month in winter. Wigley
and Farmer (1982) modified this criterion of the Köppen classification to define the Mediterranean
climate as having winter season (DJF) rainfall more than three times that of summer (JJA). In the
present study we use this criterion and define it as: Mediterranean Climate Index-MCI.
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Heat waves are defined as pronlonged periods of extremely hot weather and their magnitude and
frequency are expected to increase over the next.
Here we present a new Heat Wave Magnitude Index (HWMI) based on the analysis of daily
maximum temperature, in order to classify the strongest heat waves that occurred in the
Mediterranean region during three study periods 1980-1990, 1991-2001 and 2002-2012. In
addition results from five different regional climate models provided by the ENSEMBLES project,
and from the COordinated Regional climate Downscaling EXperiment (CORDEX) are used to project
future occurrence and severity of heat waves, under different emission scenarios, i.e. A1B, RCP4.5
and RCP8.5. Understanding and quantifying on a unique scale the present-day heat waves is a
crucial basis for a reliable projection into the future. By analyzing observed and modelled daily
maximum temperatures in current climates, we conclude that in the Mediterranean heat waves
have been increasing in frequency and magnitude in the most recent period 2002-2012 compared
to the two earlier eleven-year periods. Moreover, model predictions suggest anb increased
probability of occurrence of severe heat waves in the coming 30-90 years: in particular, by the end
ofthe century events of the same severity as the 2003 summer heat wave are projected to occur
as often as every twoyears in the studied region.
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The majority of the destruction caused by wildfires is made by large, infrequent fires which
behavior is hard to control for the firefighters. In this study, our goal is to better understand their
characteristics and to what synoptic weather they are related. We use meteorology derived from
the ERA-Interim Reanalysis and satellite images from MODIS to assess the burnt area (BA) and fire
radiative power (FRP) of the wildfires. We first consider the Mediterranean Basin (MED). In this
region the 95th quantile of FRP is higher for high synoptic surface winds and temperature
anomalies, which is well explained by the physics governing radiative emissions. The behavior of
the BA with respect to the weather at the beginning of each fire is more complex. In MED we see
two modes of maximum 95th quantile of fire size : one with high surface temperature anomaly
and moderately high synoptic winds and a second one with low winds. We then consider the
southern Russia and eastern Ukraine area (EAST), which is characterized by its abundance of
farmlands. Wildfires occurring in EAST only display the high winds maximum. We will explain this
difference in behavior with respect to the physics of fire propagation.
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The EU project RAIN (Risk Analysis of Infrastructure Networks in response to extreme weather)
sets
out to analyse the risk of extreme weather for the infrastructure in Europe. One aim of the project
is to create pan-European gridded data sets of extreme weather probability. Within the project,
the Free University of Berlin analyses extreme precipitation, which can pose a risk on
infrastructure. The potential to predict such events on the short, medium and seasonal range is
investigated and the effect of climate change is analysed.

Hydrological structures such as drainage systems and dykes are supposed to protect infrastructure
from damage. They are usually designed to withhold events with a specified return period. The
corresponding precipitation amounts are determined using design rainfall statistics from local
historical data. These statistics summarise the relationships of the most fundamental properties of
extreme rainfall (rainfall intensities for different durations and return periods).

In order to detect rainfall events that can pose a thread on infrastructure networks, rainfall
exceeding the hydrological design amounts is identified. The poster explains the method for the
detection of such events and presents examples for the Mediterranean region based on the E-OBS
data set.
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Since the natural and human systems have been affected by the extreme weather events more
frequent and severe in recent decades, the capacity of regional climate model to simulate
extremes are investigated. To assessing the changes in the extreme events over Turkey and the
neighboring region, high resolution regional climate simulation (double nested from 50-km to 10km) forced by NCEP/NCAR Reanalysis has been accomplished by using ICTP-RegCM3 and analyzed
for the period of 1961-2008. Daily temperature and precipitation simulations are used to calculate
extreme weather indices and their trends. The selected extreme indices, which are defined by
World Meteorological Organization (WMO) and World Climate Research Programme (WCRP), have
been mainly analyzed into two groups: temperature and precipitation indices. Extreme hot days
(TX35), summer days (SU), warm nights (TN90p), warm days (TX90p), Extreme warm days (TX99p)
are picked for temperature indices and very wet days (R95p), wet days (RR1), heavy rainy days
(R10mm), excessive heavy rainy days (R20mm), consecutive dry days (CDD) are calculated for
precipitation indices. 187 Meteorological station of Turkey are used to define imperfections of the
model. The results have been analyzed inter-annually to define extreme’s frequency and intensity.
The long-term averages of selected extreme indices show that the model results are consistent
with observations in both daily temperature and precipitation variables. The biases present that
the model results capture general patterns of all precipitation indices quite well. However the
model overestimates all precipitation indices and especially bias of RR1 (wet days) changes
between 50 to 100 days in the northern part of Turkey. Similarly, calculated temperature indices
except TX99P capture the main characteristics of climatology quite well with respect to the
observations. The anomaly for the period of 1991-2008 has been also calculated for all the indices.
The changes in wet days (RR1) for this period indicate negative signal which is in the range of 2-15
days over the north of Anatolian peninsula. Moreover, recent changes in CDD demonstrates that
increasing signal is quite obvious over the southern part of Turkey. All temperature indices
represent positive signal over the most of the model domain. Especially, SU (summer days) TN90p
(warm nights) and TX90p (warm days) increase in the range of 10-25 days. Furthermore, time
series of eac
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Since impacts caused by temperature extremes are of considerable relevance especially for
societies, it is crucial to estimate potential changes in the occurrence and magnitude of these
events. The present contribution analyses extreme maximum temperatures and their relationships
with different atmospheric variables in the Mediterranean region in the observational period
1950-2012. Subsequently, validated relationships are used to project extreme temperatures under
future climate change conditions in the framework of statistical downscaling.

Gridded maximum temperature data from the daily E-OBS dataset (Haylock et al., 2008) with a
spatial resolution of 0.25° x 0.25° from January 1950 until December 2012 serves as predictand for
the analyses. A s-mode principal component analysis (PCA) was performed in order to reduce data
dimension and to retain different regions of similar maximum temperature variability. The
representative grid box, i.e. the grid box with the highest PC-loading, is selected for each principal
component. A central part of the analyses is the model development for temperature extremes
under the use of extreme value statistics. In this context, a statistical model which contains a
quantile regression for the estimation of thresholds is developed. Then, the quantile estimates are
used as location parameters for the Generalized Pareto Distribution (GPD) and a further model is
derived to assess the dependence of the GPD scale parameter under the influence of various
predictor variables. The latter include atmospheric variables, like sea level pressure, geopotential
heights, atmospheric temperatures, and relative humidity. Based on the best-performing predictor
set the resulting statistical model will be used to project changes in the extreme value distribution
of the maximum temperatures in the Mediterranean area under future climate change conditions.

Haylock, M. R., N. Hofstra, A. M. G. Klein Tank, E. J. Klok, P. D. Jones, and M. New (2008), A
European daily high-resolution gridded data set of surface temperature and precipitation for 1950
– 2006, J. Geophys. Res., 113, D20119, doi:10.1029/2008JD010201.
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Major Stratospheric Sudden Warmings (SSWs) are foremost disruptions of the polar vortex
accompanied by a reversal of the westerly wind and a dramatic warming of the polar stratosphere.
These anomalies progress downwards into the troposphere, where they persist from weeks to
months. Thus, SSWs provide a potential source for more skilful seasonal forecasts of tropospheric
winter weather in the northern extratropics. However, little attention has been paid to identify
the tropospheric precursors of SSWs.
In this study, we examine the influence of El Niño-Southern Oscillation (ENSO) on different aspects
of Stratospheric Sudden Warmings (SSWs) and atmospheric blocking, including the blocking
precursors of SSWs, for the 1958-2010 period of the ERA-40 and ERA-I reanalyses.
It is found that SSWs are preceded by blocking patterns over different regions depending on the
ENSO phase. Euro-Atlantic and western Atlantic blocks tend to precede SSWs during El Niño (EN),
whereas Eastern Pacific and Siberian blocks are the preferred precursors of SSWs during La Niña
(LN) winters.
Our results also reveal that the regional blocking precursors of SSWs during each ENSO phase have
different impacts on the upward propagation of planetary-scale wave number 1 and 2, and hence
determine ENSO differences in the wave number signatures of SSWs. SSWs occurring during EN
are preceded by amplification of wave number 1, whereas LN SSWs are predominantly associated
to wave number 2 amplification. This leads to an unbalanced frequency of wave-1 and wave-2
SSWs between opposite ENSO phases.
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The maximum level that water reaches during a storm along the coast depends on changes of
mean sea level and storminess. Increase of mean sea level can be caused by mass addition, steric
effects or land subsidence. Changes of storminess will change the height of ocean waves and
storm surge levels. This study attempts to estimate simultaneously some of these factors at the
coast: thermosteric expansion, halosteric contraction, height of the wave crests, maximum surge
level. Our analysis is based on a 7-member model ensemble of regional climate model simulations
(developed and used in the CIRCE fp6 project ) covering the period 1951-2050 under the A1B
emission scenario. The results of the models that included a high resolution Mediterranean Sea
circulation component have been used for diagnosing the steric sea level change. Sea level
pressure and wind fields are used for forcing a hydro-dynamical shallow water model (HYPSE),
wind fields are used for forcing a wave model (WAM), obtaining estimates of storm surges and
ocean waves, respectively. The climate change signal is computed as the difference between
maximum water level statistics in the 1971-2000 and 2021-2050 period. Results show that the
decrease of storm surge level and wave height will compensate for the positive steric effects in
the next decades. Obviously the actual future change of intensity of hazards posed at the coastline
will depend on mass addition caused by massive ice melting at global scale.
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Information about climate extremes of the future should constituted essential ingredient for any
realistic impact study. This study attempts to extract such information from dynamically
downscaled climate projections for Turkey and its region. Results from several AR4 global climate
models (ECHAM5, CCSM and HadCM3) has been used to force at the boundaries a regional climate
model (RegCM3) to obtain dynamically downscaled climate fields at a resolution of 27 km for the
historical (1961-1990) reference period and the 21st Century (2000-2099). Generalized Extreme
Value (GEV) distribution parameters (location, shape and scale) are estimated using a maximum
likelihood approach under the assumption of non-stationarity for each model grid cell and for a
number of climate variables (daily mean temperature, daily maximum temperature, daily
minimum temperature, daily total precipitation, monthly mean surface runoff and snow depth).
Uncertainties for GEV parameters are estimated through resampling methods. Parameters are
estimated for 10-year periods both for reference and projected climates. It has been observed
that GEV parameters for most climate variables show significant geographic variations, mostly due
to the accentuated topography of Turkey.
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The Med-CORDEX initiative is motivated by the special morphology and socio-economic conditions
of the areas surrounding the Mediterranean Sea . Strong land-sea contrast, land-atmosphere
feedback, intense air-sea coupling, a very active regional thermohaline circulation and aerosolradiation interaction are among the regional characteristics to take into account when dealing the
Mediterranean climate modeling. The Mediterranean region is consequently a good case study for
climate regionalization and was naturally chosen as a CORDEX sub-domain (MED) leading to the
Med-CORDEX initiative, which is endorsed by Med-CLIVAR and HyMeX. Further, MedCORDEX is a
natural follow-up of previous and existing initiatives, and can take advantage of new very highresolution Regional Climate Models (RCM, up to 10 km) and of new fully coupled Regional Climate
System Models (RCSMs), coupling the various components of the regional climate. Med-CORDEX
goals include increasing the reliability of past and future regional climate information and
understanding the processes that are responsible for the Mediterranean climate variability and
trends.
Today, Med-CORDEX gathers 23 different modelling groups from 9 different countries (France,
Italy, Spain, Serbia, Turkey, Greece, Tunisia, Germany, Hungary) in Europe, Middle-East and NorthAfrica. It includes 12 atmosphere RCMs, 10 regional ocean models, 4 regional land-surface models
and 12 Regional Climate System Models. Evaluation runs use the ERA-Interim reanalysis as lateral
boundary conditions. Historical and scenario runs use 6 different GCMs from CMIP5.
The Med-CORDEX simulations gather 3 kind of runs (evaluation, historical, scenario), 4 kind of
regional models (atmosphere, land-surface, ocean, coupled RCSM). The framework for the MedCORDEX CORE simulations follow the CORDEX frame over the Mediterranean domain (MED-44):
Atmosphere-Land only, 50 km over the MED-44 CORDEX domain , Evaluation run (ERA-Interim
driven runs, 1989-2008 minimum), Historical runs (1976-2005 minimum, 1950-2005 advised) ,
Scenario runs (RCP8.5, RCP4.5, 2011-2040 or 2041-2070 minimum, 2006-2100 advised) . Results
can be downloaded from a public database hosted at ENEA of numerical simulations produced
within HyMeX and Med-CORDEX. This contribution is a short overview of the present status of
MedCORDEX as reported in the contributions presented at the 3rd international MedCORDEX
workshop (26-28th of May, 2014, Ecole Polytechnique, Palaiseau, France).
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Different hydrographic gridded products are available for the Mediterranean Sea. These products
provide monthly temperature and salinity fields on regular grids that cover the whole basin from
the sea surface to the bottom and span from 1950 to present. These features make these products
very appealing and have been extensively used in the Mediterranean for a wide range of
applications, from process-oriented studies to climate analysis. However, it is important to bear in
mind that those products are generated from sparse in-situ observations characterized by a rather
irregular coverage in space and time, so that there are significant uncertainties associated to
them. Also, ocean regional models (ORCM) have also experienced a great progress during the last
years. State-of-the-art ORCMs are able to capture the main features of the circulation, salt and
heat content evolution and to reproduce extreme events as dense water formation or the EMT.
However, there are also discrepancies among the models and there is a general agreement that
there is room for improvements.

In this presentation we will review and quantify some of the uncertainties associated to
observational and climate products and discuss some ideas about how to deal with uncertain
products in climate studies.
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The inter-annual variability of the Mediterranean Sea has been investigated by means of the eddypermitting MITgcm (MIT General Circulation Model). The model has been implemented at the
horizontal resolution of 1/12º and has been forced at the surface through the air sea fluxes
derived by a dynamical downscaling of the ERA40 reanalysis (ECMWF) for the period 1958-2004.
The model output has been validated through a systematic comparison with most of the available
observed data. The overall surface and intermediate circulation simulated by the model
reproduces the main features of the basin-scale circulation reasonably well. Heat and salt contents
in the different layers show good agreement with observations from the MEDATLAS database. The
simulated volume transport through the main straits and channels of the Mediterranean agree
with most of the available in situ observations, while the model is also capable of reproducing the
inter-annual variability of the Mediterranean basin and in particular the evolution of the EMT
(Eastern Mediterranean Transient).
However, despite the encouraging results from the 1/12° simulation, additional higher resolution
experiments performed with and without tidal forcing showed that there is still room for
improving the representation of the basin circulation. Results will be presented that in fact
support the hypothesis of non-negligible effects of both tidal forcing and resolution.
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The Mediterranean region has been identified as a climate change hot spot due to a projected
decline in precipitation and fresh water availability of potentially large socio-economic impact.
However, the spread of the precipitation projections is large and having more confidence would
benefit from relating these changes to the dynamical processes controlling the Mediterranean
hydro--climate. Therefore, in this presentation the impact from changes in the behaviour of
extratropical cyclones on the Mediterranean precipitation projections in winter will be explored by
analysing present day and future scenario simulations from 17 CMIP5 climate models.

Extratropical cyclones in the CMIP5 models have been identified and tracked in time using an
objective feature tracking algorithm applied to the 6 hourly relative vorticity at 850 hPa.
Furthermore, a simple approach has been applied to identify the precipitation generated by each
cyclone. This allows us to decompose the Mediterranean precipitation projections between a
contribution due to future changes in the number of cyclones and a contribution due to changes in
the precipitation intensity generated by each cyclone. Consistently with previous studies, we find
that the overall Mediterranean precipitation decline is related to a reduction in the number of
Mediterranean cyclones. However, the contribution from changes in the precipitation intensity of
cyclones is also found to be important and to have local impacts comparable to those from the
reduction in number. In particular, the North Mediterranean and the East Mediterranean regions,
where the changes in the precipitation intensity have opposite sign, will be analysed in detail. By
exploring the CMIP5 multi model spread, the precipitation intensity response is found to be
related to the future changes in the atmospheric specific humidity and in the dynamical intensity
of cyclones. The sensitivity to model resolution and the implications of these findings when
interpreting the Mediterranean precipitation projections will be finally discussed.
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For applied climate impact research, information about the evolution of e.g. temperature and
precipitation on the regional and local level is mandatory. A promising and widely used tool to
assess this regional dimension of future climate change are regional climate models. The added
value of regional climate models is due to a better representation of land-surface interactions and
atmospheric processes. But the question remains whether also radiative heating implies
predictability down to the typical scale of a regional climate model, especially as the use of highresolution simulations could induce additional noise at smaller spatial scales, blurring the climate
change signal on the regional level. To quantitatively assess the capabilities of a regional climate
model we apply an optimal statistical filter: It allows to detect a climate change signal in the
presence of climate variability by investigating the coherence between observed and simulated
patterns of Mediterranean climate. Simulated patterns are derived from both a global and a
regional climate model, allowing climate change detection on different spatial scales. Results show
that, contrary to former assumptions, the regional climate model has an added value in the
adumbration of regional climate change.
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In this study, projected future changes for the period of 2020 – 2050 in mean air temperature and
precipitation climatology and year-to-year variability with respect to the control period of 1970 –
2000 were investigated for the domain of Turkey via regional climate model simulations. In order
to investigate the projected changes in near future climate conditions, Regional Climate Model
(RegCM4.3.5) of ICTP (International Centre for Theoretical Physics) was driven by three different
global climate models. HadGEM2 global climate model of the Met Office Hadley Centre, MPI-ESMMR global climate model of the Max Planck Institute for Meteorology, GFDL-ESM2M global climate
model of the National Oceanic and Atmospheric Administration Geophysical Fluid Dynamics
Laboratory were dynamically downscaled to 50 km for Turkey and its surrounding region. The
projections were realized according to the RCP4.5 and the RCP8.5 emission scenarios of the IPCC
(Intergovernmental Panel of Climate Change). According to the model results, there will be an
increase between 0.5 °C and 4 °C in mean air temperatures of Turkey for the period of 2020 –
2050 with respect to the period of 1970 – 2000. This warming will be more severe in warm
seasons than cold seasons. Changes varying from -0.4 mm/day to -1.2 mm/day in precipitation
climatology of Turkey are expected according to the regional climate model results.
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In this study, ECMWF ERA40 reanalysis data are downscaled to first 50 km and then 10 km
resolutions over Turkey by regional climate model, RegCM4.3 for 1971-2000. The RegCM is
coupled with two different land surface models: BATS and CLM. Coarse resolution simulations are
carried out for BATS and CLM while high-resolution simulations only for BATS.
The simulated precipitation climatology of two different land surface models is compared to the
CRU data set. Also, 245 station-observations of Turkish Meteorological Service are used to
estimate model biases in the precipitation field. Mean Value (MV) and Quantile Mapping (QM)
bias correction methods are utilized for monthly, seasonal and yearly bases. The QM method is
also applied with two fitted distributions, Gamma (Gamma QM) and the best-fitted cumulative
distribution functions (best-fitted QM) and the results are compared with each other. The results
of these methods are tested by three quantitative validation measures such as Spearman rank
Correlation, Root Mean Square Error (RMSE) and Nash-Sutcliffe Efficiency (NSE).
Generally, RegCM is good at modeling the general precipitation patterns. Mostly, the positive
biases have been occurred over Turkey and the mountainous regions when compared with CRU
observations during winter and spring seasons. However, the fall season has been simulated drier
than the CRU climatology. The highest positive bias is estimated in the spring season and the
dryness of the summer season is very well captured by two configurations.
The bias correction factors are calculated for coarse and high resolutions by considering the first
20 years of the study period, and then the constructed models are validated for the last 10 years.
The results reveal that the precipitation is underpredicted over the Black Sea and Mediterranean
Sea coasts and overpredicted over the Aegean Sea and inland of Turkey. Generally, CLM produces
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more precipitation throughout inland, whereas BATS generates more precipitation over high
topography.

Although the Gamma QM is mostly preferred in the literature, the results of the best-fitted QM
corrections are better than Gamma QM. The MV correction methods generate smaller RMSEs than
the QM correction methods while the NSE results of the month-based MV methods show a perfect
match over Turkey except Mediterranean shorelines. According to the validation measures, the
month-based MV bias correction method has the best performance especially for the high
resolution.
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Precipitation extremes have strong impacts on societies and natural systems, especially in
vulnerable and exposed areas. Since changes in frequency and intensity are expected under
climate change conditions, it is essential to achieve a better evaluation of climate model
simulations. Here, we propose a novel statistical non-parametric approach that can be used both
to evaluate models w.r.t observations and to assess their projected changes. The new method is
tested and then applied to eight high spatial resolution Global Climate Models of the Coupled
Model Intercomparison Project Phase 5. Historical simulations and the RCP8.5 high emission
scenario over the Euro-Mediterranean region are used as well as the E-OBS daily gridded
observations. The comparison with observations in the period 1966-2005 reveals the existence of
a scaling relationship (when the southern part of the domain is excluded). However, the rescaled
tails show significant differences w.r.t the observations. As for the projected changes at the end of
the century (2060-2099), an intensification of heavy precipitation characterises almost all models;
although, there is a lack of spatial consistency in the tail behaviour.
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The average temperature at the surface of the Earth has been increasing over the past century
due to the increased greenhouse gas concentrations in atmosphere, intensifying the components
of water cycle which results in drought and flood conditions in different parts of the world through
changes in globally averaged precipitation. To make a stand for these rapid and extreme changes,
Global Circulation Models (GCM) and Regional Climate Models (RCM) are used to model present
climate and to predict the future climate. However, because of running at coarse spatial
resolution, GCMs are not often sufficient to represent the variability in climate variables especially
for the regions of complex topography, coastal or island locations and heterogeneous land cover
etc, thus their results cannot be directly used in hydrological models for climate change impact
studies at local scale. Therefore, it is needed to find a way to downscale the climate variables
obtained from GCMs/RCMs in order to have finer grid scale before using them in a hydrologic
model. This study examines the performance of two different statistical downscaling methods, i.e.
“change factor” (also known as delta change method) and “bias correction of mean” method in
representing the catchment characteristics. Both methods are applied to a list of GCM/RCM
outputs (i.e. precipitation and temperature). The downscaled precipitation and temperature data
are used in a hydrologic model (HBV model) configured for Ömerli Basin to assess the climate
change impact on surface runoff. Finally, uncertainty related to model calibration with respect to
GCM/RCM uncertainties is also shown with Nash-Sutcliffe Efficiency (NSE) evaluations.
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The contribution investigates the impact of climate change on the future water availability of the
Upper Jordan River (UJR) located in the Eastern Mediterranean. The constraints of this
investigation are inherently difficult. Complex terrain with elevations up to 2800 m, partially
karstic environment, outflow to ungauged outside springs and lack of meteorological observations
in large parts of the catchment are the major obstacles here.
UJR and its tributaries Dan, Snir and Hermon are simulated by a highly resolved distributed
approach. It involves the PSU/NCAR meteorology model MM5 run at 18.6 km and 6.2 km
resolution and the hydrology model WaSiM run at 500 m resolution. The MM5 model was driven
with NCEP reanalysis input for the years 1971-2000 and with HadCM3 GCM forcings for the period
1971-2099. In order to describe the karstic Dan spring behavior the hydrological model has been
extended by a bypass approach to allow the fast discharge components of the Snir to enter the
Dan catchment. Further extensions cover the ungauged springs and missing meteorological
observations.
The contribution describes the UJR, the model setup and results obtained for the present and
future climate. The results show a decrease of the UJR discharge related to the 1976-2000 mean
by 12 % until 2060 and by 26 % until 2099.
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Climate variability and changes in the frequency of extremes events have a direct impact on crop
damages and yield. In a former work of Capa et al. (2013) the crop yield variability has been
studied using different reanalyses datasets with the aim of extending the time series of potential
yield. The reliability of these time series have been checked using observational data. The
influence of the sea surface temperature on the crop yield variability has been studied, finding a
relation with El Niño phenomenon. The highest correlation between El Niño and yield was during
1960-1980. This study aims to analyse the dynamical mechanism of El Niño impacts on maize yield
in Spain during 1960-1980 by comparison with atmospheric circulation patterns.
This study uses crop yield data simulated with the ecophysiological crop model CERES-maize
included in DSSAT v.4.5 (Decision Support System for Agrotechnology Transfer). The model
requires daily data of radiation, maximum and minimum temperature and precipitation. These
data are obtained from different sources: observed and reanalyses datasets. The model was
calibrated and validated with observed climate data and independent crop data from field
experiments at five locations in Spain covering the whole territory: Lugo (northwestern), Lerida
(northeastern), Madrid (centre), Albacete (southeastern) and Córdoba (southern). Then, crop
simulations were run with reanalysis climate data. From these simulations, the computed
standardized anomalies yields were projected on different atmospheric anomalous fields and the
resulting patterns were compared with a set of documented patterns from the National Oceanic
and Atmospheric Administration (NOAA).
The results are useful to understand how El Niño influences yield in Spain and to give the first
steps on crop forecasting in Iberian Peninsula. Improving such forecasting is needed to establish
early warning systems and to design crop management adaptations that take advantage of
favorable conditions or reduce the effect of adverse conditions. This is especially true in the
Iberian Peninsula, which has large climate variability in spatial and time scales.
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Extreme rainfall events and consequent floods are being observed more frequently in the Western
Black Sea region in Turkey as climate changes. In this study, application of a flood early warning
system is intended by using and calibrating a combined model system. A regional-scale hydrometeorological model system, consisting of Weather Research and Forecasting (WRF) model,
NOAH land surface model and fully distributed NOAH-Hydro hydrologic models, is used for
simulations of 25 heavy-rainfall and major flooding events observed in the Western Black Sea
region between years 2000 and 2011. The performance of WRF model system in simulating
precipitation is tested with 3-dimensional variational (3DVAR) data assimilation scheme. WRFderived precipitation with and without data assimilation and Multi Precipitation Estimates (MPE)
are used in NOAH-Hydro model to simulate streamflow for flood events. Statistical precipitation
analyses show that WRF model with 3DVAR improved precipitation up to 12% with respect to noassimilation. MPE algorithm generally underestimates rainfall and it also showed lower
performance than WRF model with and without data assimilation. Depending on reliability of
precipitation inputs, NOAH-Hydro model produces reasonable flood hydrographs both in structure
and volume. After model calibration is performed using assimilated precipitation inputs in Bartin
Basin, NOAH-Hydro model reduced the average error in streamflow by 23.24% and 53.57% with
calibration for testing events. With calibrated parameters, NOAH-Hydro model forced by WRF
non-assimilated precipitation input also reduced the error in streamflow but with lower rates
(16.67% and 40.72%). With a proper model calibration and reliable precipitation inputs, hydrologic
modeling system is capable of simulating flood events.
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Quantifying the uncertainty of the changes in different parameters inferred from climate model
projections is just as important as quantifying the changes themselves. In this presentation we aim
to estimate the uncertainty budget of Mediterranean storm surge projections for the 21st century.
The projections are obtained with a barotropic ocean model forced with high-frequency
atmospheric pressure and wind fields from different regional climate models (RCMs) which in turn
are nested into different global climate models (GCMs). Here we quantify the percentage of the
total uncertainty related to different sources: the RCM, the GCM (its sensitivity and initial
conditions), the chosen scenario and the internal climate variability. We also present maps
showing the differences between five combinations of simulations, from which we infer the
regions where the uncertainties are more relevant. The first combination consists of a set of
simulations run under three climate scenarios but using the same RCM and GCM. Next, we
compare 5 GCM’s (and 3 OGCM’s with different sensitivity and initial conditions), all them for the
same scenario. Finally we compare four simulations run with the same GCM but with different
RCM’s, all them for the same climate scenario. In all cases, the regions where the differences
between the simulations are smaller than the internal climate variability are masked in the maps
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In this study, a multi-model ensemble mean approach was conducted in order to investigate the
projected changes in near surface air temperatures and precipitation totals over the
Mediterranean region. Among sixty seven different models of thirty modeling groups all around
the world participating in the World Climate Research Programme (WCRP) Coupled Model
Intercomparison Project (CMIP5), fourteen models were used. In this respect, we focused on two
distinct scenarios (i.e. RCP4.5 and RCP8.5) for three different future periods (i.e. 2016-2035, 20462065 and 2081-2100) to examine accurately the foreseen changes in two fundamental climate
variables (near surface air temperature and precipitation total) for the Mediterranean region.
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MODELING THE CLIMATIC VARIABILITY OF THE CASPIAN SEA
Rashit Ibrayev (1,2), Gleb Dyakonov (1)

(1) P.p.shirshov Institute Of Oceanology Ras, Moscow, Russian Federation
(2) Institute Of Numerical Mathematics Ras, Moscow, Russian Federation

CONTACT: glebruler@mail.ru

We reconstruct the evolution of the Caspian Sea level and water masses for the period 1958-2001
using a primitive equation model of three-dimensional ocean circulation, which includes a sea ice
and air-sea interaction submodels. Six-hourly atmospheric forcing from ECMWF ERA40 dataset is
used, as well as monthly data on the discharge of five major rivers and the outflow into the KaraBogaz-Gol Bay. Sea level is a prognostic variable of the model, therefore non-zero water budget of
the Caspian Sea is explicitly accounted for. In order to describe large variations of sea level and
area, observed during the period considered, the model is formulated in hybrid sigma-z
coordinates and is capable of simulating flooding and drying of shore. Due to the shallowness and
flatness of the Caspian Sea bottom, the variations of its area influence considerably the water
budget (mainly through evaporation component), therefore it is important to allow for movement
of shoreline.
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IMPACTS OF CLIMATE CHANGE ON MEDITERRANEAN CROPS
Mladen Todorovic (1), Piero Lionello (3), Luis S. Pereira (4), Claudia Pizzigalli (2), Sameh Saadi (1),
Lazar Tanasijevic (1)
(1) Ciheam, Mediterranean Agronomic Institute , Bari, Italy
(2) Saipem S.p.a., Ocean Engineering Department, Fano, Italy
(3) Disteba, University Of Salento And Cmcc, Lecce, Italy
(4) Ceer, Universidade De Lisboa, Libon, Portugal
CONTACT: piero.lionello@unisalento.it
This contribution reports on studies that have carried out within the WASSERMED EU-FP6 project
and aims at estimating impacts of climate change on water demand and yields of Mediterranean
crops (winter wheat, tomato and olive). High resolution climate data (derived from the
ENSEMBLES Regional Climate Models outputs and based on the A1B emission scenario) were
arranged to represent the mean climate conditions in years 1991-2010 and 2036-2065 and
describe climate change over a 50-years span, during which an overall reduction of annual
precipitation an increase of near surface air temperature are expected. As consequence of such
changed climate conditions, net irrigation requirements for olives may increase substantially
(particularly in Southern Spain), while actual evapo-transpiration of rainfed olives would decrease
in most areas due to reduced water availability. Therefore it will not be possible to keep rainfed
olives production as it is at present. The potentially cultivable areas of winter wheat and tomato
may substantially increase prevalently in the Northern Mediterranean countries. Due to
anticipation and shortening of growing season, the net irrigation requirements under optimal
water supply may decrease for both wheat and tomato. As a whole, a slight increase of relative
yield losses is expected for rainfed wheat, particularly in the Northern Mediterranean, while, for
tomato they are not expected to change. Because of the foreseen precipitation decrease
(especially relevant for winter-spring crops), the adoption of supplemental irrigation for winter
wheat could become more widespread also in the northern Mediterranean countries. In general,
the overall effects of climate change on water demand could even be positive whereas the effects
on yield should be seen within a complex scenario, that includes the combination of different
strategies considering the starting of growing season, the selection of most adequate varieties
(short or long maturing), and adopted locally-tailored (water, land and nutrient) management
practices.
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BLACK SEA ECOSYSTEM SENSITIVITY AND VULNERABILITY TO CLIMATE
CHANGE: IMPACTS ON FISHERY ECONOMY
Ayşen Yılmaz (1,2), Selin Küçükavşar (2), Hakan Ercan (1,3)
(1) Middle East Technical University-earth System Science Program, Ankara, Turkey
(2) Middle East Technical University-institute Of Marine Sciences, Erdemli, Turkey
(3) Middle East Technical University-department Of Economics, Ankara, Turkey
CONTACT: ayilmaz@metu.edu.tr
The Black Sea is very sensitive and vulnerable to environmental changes, anthropogenic impact,
and climate forcing. Hydro-meteorological and biochemical data records showed that robust
climatic signature at inter-annual to inter-decadal time scales is evident. Long term (45 years) data
available through in situ measurements of lower trophic level ecosystem parameters and satellite
data provided by Goddard Earth Sciences Data and Information Services Center-NASA are
evaluated, whereas the data on meteorological parameters (e.g. Sea Surface Temperature: SST)
and fish stocks are collected from Turkish State Meteorological Service and Ministry of Food,
Agriculture and Livestock respectively. One of the main concerns regarding the marine
environment is reduced primary productivity and consequently decreased fisheries production
due to global warming. The general trends in SST and the Total Catch in the Western Black Sea for
the last 45 years (1967-2011) has been presented. The eutrophication period after 1970
(intensified after 1980) caused increase in primary production and the related higher trophic level
production including fish production in the Black Sea. The sharp decrease in the fish catch in the
late 1980s was due to the invasion of a ctenophore, M. leidyi which reached very high biomass
level in late 1980s. This caused devastation in the regular food chain of the entire Black sea and a
sharp decline in the total fish catch (especially the anchovy) observed in 1990s and the
introduction of B. ovata in 1997, a predator of M. leidyi, helped the ecosystem to recover in the
second half of 1990s. The increasing trend in the total fish catch just after irregular cooling period
(1992- 1993) was separately and clearly defined within this catastrophic ecosystem change. Total
fish catch in the Black Sea has declined intensively after 1995 due to increase in the SST which was
proved by Mann-Kendall trend. Potential consequences of SST increase on the bottom up nutrient
flux processes were the main cause for the decrease in the primary production and ultimate fish
catch. Finally, decrease in the profits of fisheries sector was shown using the present data and
appropriate models/projections were performed for the coming 20 years in order to propose
sustainable management strategies, economic and policy tools for the Turkish fishery sector.
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CLIMATE CHANGE IMPACTS ON SNOWMELT RUNOFF FOR MOUNTAINOUS
TRANSBOUNDARY BASINS IN EASTERN TURKEY
İsmail Yücel (1), Abdulkadir Güventürk (1), Ömer L. Şen (2)
(1) Middle East Technical University, Ankara, Turkey
(2) Eurasia Institute Of Earth Sciences, İstanbul Technical University, İstanbul, Turkey
CONTACT: iyucel@metu.edu.tr
This study investigates whether snowmelt runoff for the selected 15 streamflowstations located in
the Euphrates, Tigris, Aras, and Çoruh basins in eastern Anatolia, Turkey, has shown a consistent
hydrologic response to global climatic changes over the past several decades. It also investigates
the future runoff changes in these basins. The analysis utilizes streamflow and meteorological data
from 1970 to 2010 available within the study area to identify spatial and temporal patterns of
trends in the seasonality of streamflow, temperature, and precipitation. Results indicate
significant temperature increases (average 1.3 °C across the stations) over the time period. They
also indicate increases in annual precipitation (average 7.5% across the stations) but the increases
are not significant, in general. The streamflow timings in the mountainous basins are found to
have already shifted to earlier days in the year (9 days on average), and this is a clear indication of
earlier spring melting of snowpack due to increasing temperatures in recent years. Eight among
fifteen stream gauging stations in the basins show significant time shifts in snowmelt runoff
according to statistical trend tests (based on 90% confidence level). A regional climate change
simulation based on a high emissions scenario suggests 10–30% declines in the annual surface
runoffs of Aras, Euphrates, and Tigris basins and a slight increase (about 4%) in the annual surface
runoff of Coruh basin by the end of the present century. It further indicates that the timing of the
peak flows will continue to shift earlier (by about 4 weeks over the century) in response to further
warming, increasing the fraction of winter runoff while decreasing the fraction of spring runoff in
the year in all these basins.
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TURKEY POLICY ON ADAPTATION TO CLIMATE CHANGE
Erdem Özer (1), Dr Chris Holt (2)
(1) University Of Northampton, Northampton, England

CONTACT: eÖzer@cob.gov.tr
In this study climate change impacts in Turkey was assessed and potential barriers to adaptation
was investigated. In order to do that both quantitative and qualitative data was collected. Primary
data was obtained by application of a survey on key experts of climate change in Turkey and staff
at Ministry of Environment and Urbanization. Results show the participants concern for climate
change impacts on Turkey. Participants believe that Turkey is sensitive to climate change and
sensitiveness is gradually increasing. Results also reveal the insufficiency of measures in Turkey for
climate change.
Joining to UNFCCC in 2004 and ratification of Kyoto were the major steps for Turkey in terms of
contribution to global efforts against climate change. Adoption of “National Climate Change
Adaptation Strategy and Action Plan” in 2011 is a proactive response by government to climate
change impacts on society and relevant sectors.
However, lack of coordination and corporation with international and national stakeholders, lack
of capacity, financial constraints and lack of political will are threats for effective implementation
of adopted policies and plans.
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CHANGING CLIMATE: A GREAT CHALLENGE FOR TURKEY
Ömer Lütfi Şen (1), Ozan Mert G ktürk (1), Deniz Bozkurt (2)
(1) İstanbul Technical University, Eurasia Institute Of Earth Sciences, İstanbul, Turkey
(2) University Of Chile, Department Of Geophysics, Center For Climate And Resilience
Research, Santiago, Chile
CONTACT: senomer@itu.edu.tr
Observations indicate that the Earth’s climate has been changing as a result of human activities.
Most visibly, the air is getting warmer (close to 1oC since 1900), the land and sea ice are melting,
and consequently the sea level is rising (about 19 cm since the beginning of twentieth century).
Climate change projections suggest that these changes will continue in the twenty first century.
Turkey lies in a region that is highly vulnerable to climate change, and the indicators show that
climate is changing in Turkey too. The station observations show that temperatures are increasing
throughout the country. Summer temperatures increase more than those of the other seasons.
There are significant shifts in the timing of the snowfed river discharges, which indicates that snow
melts earlier in response to the elevated temperatures. No significant coherent change has yet
been detected in precipitation observations. Future climate change projections agree on an
increase in temperatures throughout the country and a reduction in precipitation in the southern
half of the country. There is no doubt that these changes will impact the country’s water resources
negatively by reducing the water potentials in the southern basins. The projections that were
based on the high emissions scenarios indicate water potential reductions up to 37% in the
Mediterranean basins, up to 70% in Konya basin and up to 10% in the Euphrates and Tigris basins
by the mid twenty first century. The decline in the water resources will, first and foremost,
influence the agriculture and animal husbandry and the related sectors. Hydroelectric energy
production is another sector that will be negatively affected by the water potential reduction in
Turkey. Besides, Turkey will be subjected to more droughts, heat waves and forest fires. In order
to mitigate the negative impacts and benefit from the positive impacts of climate change, Turkey
should certainly include the climate change projections in all future planning. Switching to water
efficient irrigation techniques, extending the irrigated fields, recycling water, saving water and
energy, adopting climate compatible cropping patterns, distributing crop cultivation to different
regions, replacing the forest areas with drought and temperature resilient trees, planning
urbanization in such a way to minimize urban heat island effect, using more renewable energy,
etc. will certainly help Turkey cope better with the adverse effects of climate change.
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ADAPTING TO CLIMATE CHANGE: MODELING THE IMPACT OF CLIMATE CHANGE
ON FORESTS IN THE SEYHAN BASIN AND INTEGRATING ADAPTATION MEASURES
INTO FORESTRY MANAGEMENT
Uğur Zeydanlı (1,2), Ayşe S. Turak (1), C. Can Bilgin (2), Yeşim Kınıkoğlu (1), Semra Yalçın (1), Hakan
Doğan (3)
(1) Nature Conservation Center (dkm), Ankara, Turkey
(2) Middle East Technical University, Ankara, Turkey
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CONTACT: ayse.turak@gmail.com
Climate change is predicted to have a significant impact on Mediterranean forests. Increased
vulnerability, loss of forest cover, changes in species ranges and in community structure, and
decline in biomass increment are expected outcomes. In this study, we studied potential impacts
of climate change on forests in the Seyhan Basin, through modeling changes in habitat suitability
for four tree species, Abies cilicica, Cedrus libani, Pinus brutia and Pinus nigra.
We used the Maximum Entropy approach to develop habitat suitability models, characterizing the
relationship between current distribution of each species and selected environmental parameters.
Shifts in suitability for each species were then investigated through applying to these models
climatic predictions developed by the CCCMA-CGCM2 and UKMO-HADCM3. Predictions were
based on the B2 scenario (IPPC 4) for the years 2020, 2050 and 2080. Vulnerable areas, defined as
areas with a significant decline in suitability, were identified for each study species.
Our results indicate that, by 2050, 76% of present forested land may become unsuitable for at
least one studied species. Specifically, habitat suitability for P. brutia will decrease in 56.2 %,
increase in 1.2 %, and not change in 42.6% of the area occupied by its current stands. Habitat
suitability for P. nigra will decrease in 68.5%, increase in 9.6%, and not change in 21.9% of the area
of its current stands. For C. libani, a loss of 85.7% and a gain of 0.5% are expected, while 13.8% of
its current stands will have no change. Finally, habitat suitability for A. cilicica, the worst impacted
species, will decrease in 93.0 %, increase in 0.2%, and not change in 6.8% of the area of its current
stands.
We also identified potential ecological problems in each of those areas, and developed both
generic silvicultural measures for individual study species and more general measures to be
applied in the context of adaptation of forestry to climate change. Finally, based on the predicted
vulnerabilities, we developed guidelines for integrating such measures into forestry management
plans.
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THE CO2 SEQUESTRATION BY MICROALGAL BIOMASS
Direniş Çaylı (1), Tuba Hande Ergüder (2), Barış Kaymak (2), Göksel N. Demirer (2), Sibel Uludağ
Demirer (3)
(1) Middle East Technical University, Ankara, Turkey
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Various CO2 mitigation strategies have been investigated, which can be classified into two
categories: (1) chemical reaction-based approaches, and (2) biological CO2 mitigation. Chemical
reaction-based methods for capturing CO2 are relatively costly and energy-consuming. However,
biological CO2 mitigation is seen as an alternative strategy because it leads to the production of
biomass energy in the process of CO2 fixation through photosynthesis. The microalgae-for- CO2mitigation strategy offers numerous advantages especially when it is combined with other
processes like wastewater treatment and biofuel production.
Our team has been working on an integrated process configuration which consists of both
microalgal and anaerobic bio-reactors. The aim is to provide parallel nutrient (nitrogen and
phosphorus) removal from domesic and industrial wastewaters, CO2 mitigation from industrial
flue gas, and bio-fuel (biogas and biohydrogen) and fertilizer production.
This study was designed to investigate the growth of microalgae in municipal wastewater in
photobioreactors operating at batch mode. Inorganic carbon is supplied by CO2. The batch
reactors (V=500 mL) were illuminated continuously (approximately 200 µmol/m2.s) and kept in a
shaker to increase the contact between nutrients (total ammonium nitrogen (TAN) and orthophosphate (ortho-PO4). The microalgae was collected from Araç Creek (Karabük) and cultivated in
bold’s basal medium (3N-BBM+V). Wastewater was collected from Ankara Tatlar Municipal
Wastewater Treatment Plant and used as the nutrient supply. The headspace of the reactors was
purged by air and CO2 mixture to provide high levels of CO2 (10-30%) to understand (i) the
tolerance of high CO2 levels by microalgae, (ii) removal of nutrients from wastewater, (iii) the
amount of CO2 biotransformed by microalgae, and (iv) performance of microalgae cultivation
reactors fed by flue gas. To this purpose, the CO2 composition of the headspace in the reactors
was monitored regularly by GC. In addition, the nutrient concentrations and microalgal biomass
(total volatile solids) increase were measured.
The results from this study can be used to propose the employment of photobioreactors in which
microalgal growth is promoted for concomitant cleaning up of flue gas and wastewater while
producing biomass with a potential to be used as raw material for producing biofuels.
Keywords: biofuel, CO2 sequestration, microalgae, nutrient removal, photobioreactor
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HEAT-RELATED IMPACTS OF CLIMATE CHANGE IN THE EAST MEDITERRANEAN
Christos Giannakopoulos (1), Anna Karali (1), Vassilis Psiloglou (1), Giannis Lemesios (1)
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This study investigates the heat-related impacts of climate change on public health in the East
Mediterranean. Most of the health problems in the East Mediterranean are related mainly to the
warming already occurred as well as to extreme weather events such as heatwaves. In addition
projections indicate that warming and extreme events will increase in future posing serious
threats on human health. For the investigation of the relationship between hot weather condition
and mortality in the East Mediterranean, a statistical model for two representative urban centres
(Athens and Nicosia) was constructed assuming linear increase of mortality with increasing
temperature. The empirical-statistical model constructed was shown to reproduce well the
observed heat-related deaths. This makes the model more reliable for the quantification of the
potential impacts of climate change on health to be studied using available regional climate model
output. The statistical model was then used to project mortality levels to the future using regional
climate models and assuming an adaptation factor for the population. Significant heat related
increases in mortality are estimated especially as we approach the end of the 21st century for
both urban areas.
To further examine the potential negative impacts of climate warming on human life for the
greater East Mediterranean area, the HUMIDEX index employed to express the temperature
perceived by people was examined. HUMIDEX is applied in summer and generally warm periods
and describes the temperature felt by an individual exposed to heat and humidity. All calculations
of HUMIDEX were performed using regional climate model output. In all simulations the period
1961–1990 was used as the reference period (control run) for comparison with future projections
for the period 2021–2050 and 2071-2100. The analysis revealed a significant increase in the
HUMIDEX in future period mainly during summer months.
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PREDICTING THE EFFECTS OF CLIMATE CHANGE AND LAND USE ON LAKE BEYşEHIR AND
ITS CATCHMENT
Tuba Bucak (1), Dennis Trolle (2), Hans E. Andersen (2), Hans Thodsen (2), J. Alex Elliott (3), Seyda
Erdoğan (1), Ayşe İdil Çakıroğlu (1), Meryem Beklioğlu (1,4)
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Lake Beyşehir is the largest freshwater lake in Turkey and is the main water supply for irrigation in
the Konya Closed Basin, which is characterized by extensive agricultural practices in this semi-dry
Mediterranean climate. Hence, the lake has been subjected to intensive anthropogenic stresses of
excessive water withdrawals for irrigation and a dramatic decrease in water level especially during
the drought periods. Climate change projections also suggest that air temperatures will increase
while precipitation will decrease, which may also affect the hydrological regime and have further
detrimental effects on the water quality of Lake Beyşehir. In this study, we applied the catchment
model SWAT (Soil and Water Assessment Tool), to evaluate the effects of potential land use
changes and the projected future climate on water and nutrient runoff to Lake Beyşehir Climate
change scenarios were based on IPCC A1B scenario derived from 3 regional climate models
(ECHAM5-KNMI, HadRM3P-HadCM3Q0 and SMHIRCA-BMC) for 2031-2060. Outputs of SWAT
(projections of future flow and nutrient loads) and outputs of the climate models were
subsequently used as input to three individual lake ecosystem models (PCLake, DYRESM-CAEDYM,
PROTECH), which provided an ensemble of projections of the future trophic state of Lake Beyşehir
with special emphasis on chlorophyll a levels. The simulations suggest that future climate change
in combination with a series of generated land use scenarios will have a major impact on the
hydrology and nutrient loads. Hence, annual average surface run off was projected to decrease by
up to 30%, and nitrogen and phosphorus loads by 39-63%, respectively. However, the projected
impacts of these changes on lake productivity were minor, likely as the lake is already in a nutrient
poor state. These results show that hydrological regime of Lake Beyşehir may go dramatical
changes under future climate change and possible adaptation strategies should be developed for
efficient use of water within Konya closed basin.

108

SESSION 5 - IMPACTS OF NATURAL AND ANTHROPOGENIC CLIMATE CHANGE AND
MITIGATION/ADAPTATION STRATEGIES
CONTRIBUTIONS

CLIMATE CHANGE LEADS TO MORE FREQUENT FIRES IN A MEDITERRANEAN
ENVIRONMENT
Marco Turco (1), Maria-carmen Llasat (2), Jost Von Hardenberg (1), Antonello Provenzale (1)
(1) Isac-cnr, Torino, Italy
(2) University Of Barcelona, Barcelona, Spain
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The analysis of both observed climate and fire data from 1970 to 2007 in a typical Mediterranean
environment (i.e., the northeastern Iberian Peninsula) shows that the warming climate forcing
alone would have led to a positive trend in the Number of Fires (NF) and a slightly negative trend
in the Burned Area (BA). This is in contrast to the common expectation that warming should result
in larger fires. In fact, for BA, less favourable conditions for both fine-fuel availability and fuel
connectivity counterbalance the increase in fuel flammability. Climate scenarios from the
ENSEMBLES Project indicate that warming will continue up to at least 2050, promoting more
numerous fires but of similar or slightly smaller extension. These results suggest the necessity for a
more intense fire management effort in order to maintain the number of fires at least at the same
level as today.
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ADAPTATION OF MEDITERRANEAN FORESTS TO CLIMATE CHANGE PROJECT: A
CASE STUDY ON THE NORTHERN TAURUS FORESTS
Selin Devranoğlu (1)
(1) WWF-Turkiye, İstanbul, Turkey
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Forests will adapt autonomously to climate change expected to be experienced in the
Mediterranean region, as they have been doing for millennia through shifts in vegetation
composition and structure. Nevertheless, there is need to understand and influence the direction
and timing of this adaptation, in order to effectively mitigate its environmental and socioeconomic consequences. Although adaptation of forests to climate change is regularly debated at
the academic level, there is still uncertainty on which concrete measures to adopt on the ground
on specific sites and no or little knowledge has been transferred to forest and protected area
managers across the Mediterranean.
WWF-Turkey is coordinating a 4-year long project in partnership with the Turkish General
Directorate of Forestry and Nature
Conservation Center to contribute to the long term preservation of the Mediterranean forests and
their capacity of delivering ecosystem services. This project will assess the type and extent of the
future impacts of climate change on black pine (Pinus nigra) and fir (Abies cilicica) on the northern
Taurus Mountains within the Konya Regional Directorate of Forestry.
Based on the results, site-specific adaptation measures will be incorporated into the management
plans and implemented on pilot sites. Through this project, WWF-Turkey will also hold thematic
workshops and produce technical tools and materials on the topic to raise awareness, know-how
and capacity among key stakeholders.
Preliminary outputs of the project include a map of current distribution of the selected two
species. Expected outputs include a projected distribution of these species in 2100 and in
intermediate years as well as an analysis of sites with high vulnerability of degradation due to
climate change impacts. The poster to be presented at the conference will include a description of
the study’s methodology, intermediate outputs, expected outputs and plans for integrating
climate change into the forest management plan and implementations on the ground.
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TURKISH DIET: OPPORTUNITIES AND CHALLENGES OF TURKISH DIETARY
SYSTEM IN TERMS OF SUSTAINABILITY UNDER CLIMATE CHANGE CONDITIONS
Serkan Naneci (1), Deniz Başoğlu (2)
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(2) Middle East Technical University, Ankara, Turkey
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ABSTRACT
This study is to analyze and illustrate the Turkish dietary production/consumption trends, shortly
“Turkish Diet” patterns in terms of key sustainability parameters under climate change conditions.
Climate change is a major issue affecting all the food systems. Under changing climatic conditions,
food systems should be managed attentively in order to sustain economical, social and
environmental stability. Sustainable food systems are models developed to improve and enhance
the existing food systems for numerous countries including Turkey. Regarding the environmental
and economical impacts of the current food systems in Turkey, a new optimized solution should
be developed in order to mitigate the environmental impacts. Within this regard, this study aims
to adress the key features of “Turkish Diet” in terms of sustainability and to compare Turkish
patterns with sustainable models as “Mediteranian Diet” and also to offer an action plan to
develop a new sustainable food system.
Key words: Turkish diet, climate change, mediteranian diet, sustainable diets, sustainable
development, dietary patterns.
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THE LINK BETWEEN MASS MORTALITIES AND RECENT MIXED LAYER WARMING
AND DEEPENING IN THE MEDITERRANEAN SEA
Irene Rivetti (1), Ferdinando Boero, Simonetta Fraschetti (1), Enrico Zambianchi (3), Piero Lionello
(1,2)
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This study aims at linking the occurrence of mass mortalities in the Mediterranean Sea to changes
in the temperature of the sea. A synthetic description of the evolution of the upper water column
(0-150m) in the Mediterranean Sea is provided in terms of few parameters describing the mixed
layer and the seasonal thermocline. The analysis covers the period 1945-2011 using data from
three public sources: MEDAR-MEDATLAS, World Ocean Database, MFS-VOS programme. Five
different methods for estimating the mixed layer depth are compared and two methods have
been selected for a systematic analysis of the evolution of the uppermost part of the whole
Mediterranean Sea. Mass mortalities events have been identified by an extensive search of all
data bases in ISI Web of Knowledge considering studies published from 1945 to 2011. Studies
reporting the geographical coordinates, timing, the species involved and the depth at which the
event occurred have been considered. Results show a widespread increase of thickness and
temperature of the mixed layer, deepening and cooling of the thermocline base in the last two
decades of the analyzed period (1992-2011, when mass mortalities have been increasingly
reported) with respect to the previous decades (1945-1982, with no recorded mass mortalities). It
is shown that most mass mortalities occurred in seasons with anomalously high mixed layer depth
temperature and thickness.
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CLIMATE FRIENDLY URBAN PARKS: A CASE STUDY WITH NATIVE FLORA
Semiha Demirbaş Çağlayan (1,2), Zuhal Dilaver (3), Gulin Özdemir (1), Emel Baylan (4)
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Global climate change has adverse effects both regionally and locally. Urban areas with its dense
population and artificial surfaces are one of the most vulnerable places. Each sector should
develop adaptation measures in order to strengthen its capability of struggle with the irrepressible
effects of climate change. Urban green areas have important roles within this climate change
adaptation strategies. The drought and the aridity which we have experienced generally in
summer time in Turkey in recent years brings into consideration that it is necessary to use water
tolerant and local plants in urban landscape designs instead of high water demand plants and also
the need of information and awareness on “xseriscape” landscape designs and xseriscape plants.
However currently the applications which consider water shortage and drought problems are very
scarce in urban green areas of Ankara. The municipalities that are responsible for designing and
constructing green areas and the firms which counter the demand of foliage plants of
municipalities donot consider the situation. Generally intolerant plants which are not included by
local flora are used in landscape designs. One of the important reason of this situation is the
community of interest do not have enough information and awareness about climate change,
drought, dealing the drought problem and xseriscape plants subjects. Climate friendly urban parks
Project is the first hard adaptation Project for Çankaya Municipality. Within these Project 5 bushes
that are native to Ankara flora are produced and planted in urban parks within these region. Those
water tolerant plants which cannot be found in plant nurseries are Genista sessilifolia DC., Colutea
cilicica, Cotoneaster numuleria , Rhus coriaria and Viburnum lantana. We experimented the
production process in 3 different mediums and 3 different doses of root developer hormones. The
most successful plant for all mediums and all doses is Colutea cilicica. The target group of the
project are the managers and staff in parks and environment departments in municipalities of
Ankara who are responsible for designing urban parks and production of plant material; the
representatives of firms who are dealing with plant production in Ankara; and university students
who are attending to landscape architecture and agriculture engineer departments in Ankara.
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This paper aims to make a detailed examination on the ways of mitigating the impacts of climate
change through compliance mechanisms(CMs) under multilateral environmental agreements
(MEAs).
In this respect, in the paper, it is firstly provided an overview on the compliance issue, and
compliance mechanisms with illustrations from two case studies: compliance mechanisms under
Montreal Protocol and under Kyoto Protocol.
Secondly, the ways for possible improvements of weaknesses of the current compliance
mechanisms for better compliance are studied on. Therefore, on the basis of four main
dimensions: gathering information, procedures/institutional structure, measures and functioning
of the mechanisms in practice, relied on for the comparative analysis between two case studies,
firstly, the ways of improving their operation in practice are analyzed. Then, three main
components, namely, -gathering information, procedures/institutional structure and responses-,
are evaluated with their potential weaknesses undermining the efforts to ensure compliance.
Thirdly, the need for providing stronger coordination between CMs for better compliance is
discussed stressing the suggestions submitted for improving the conditions for more coordinated
mechanisms.
Finally, based on its findings, it discusses the roles of the CMs in mitigating the impacts of climate
change.
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Mediterranean climate with natural annual and interannual oscillations of wet and dry periods
leads to changes in the water balance, which strongly affects the functioning of shallow lakes with
implication for major ions and nutrient balances. Thirty-one shallow lakes spanning over 5
latitudes from the warm temperate north to the semi arid to arid mid and south of Western
Anatolian Plate of Turkey were sampled for physico-chemical and biological variables using wellestablished snap-shop sampling protocol. All lakes were analysed using nMDS which resulted in
four relatively distinct groups of lakes which included saline lakes and eutrophic lakes being
located in the southern lower latitues and altitudes (Southern high altitude and low altitude lakes)
characterized with high net evaporation. Northern high altitude lakes with clear-water, low
temperature, macrophytes and low fish as constituted third group. Fourth group included
northern lowland lakes which were eutrophic. Diversity and richness of plankton, macrophytes
and fish community and trophic structure of lakes were further analysed and discussed in depth.
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