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Abstract

We use the ocean genera circulation model MPIOM to simulate the changes in hydrography and circulation for the eastern

Mediterranean Sea during the early Holocene ‘climatic optimum'.
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During the Holocene, a series of changes in the conditions of the
Mediterranean hydrography occurred, essentially led by the orbitally-induced
changes in the insolation. This study aims to investigate these changes. We
focus on the Mediterranean because this semi-enclosed basin has large-
amplitude reactions to external forcings. To understand the sensitivity of the
Mediterranean Sea to high- and low-latitude climate forcings and to estimate
the response to expected global change, we are modelling the Mediterranean
Sea at different time slices of the Holocene. We set up aregional version of the
genera ocean circulation model MPIOM for the Mediterranean (26 km
horizontal resolution, 29 levels). We forced the model with atmospheric data
derived from equilibrium time slice simulations with the coupled atmosphere-
ocean-dynamical vegetation model ECHAMS5/MPIOM/LPJ. The experiments
are performed for both time periods 6000 years and 9000 years before present
as well as for the pre-industrial conditions (500 years of integration for each).
Diverse proxy records available from the marine cores are used for the
validation of our simulations. The effect of insolation and fresh water input
changes on the Mediterranean ocean climate for the Holocene are analyzed.
The amplitude of the SST seasonal cycle is stronger, leading to colder winters
with aresulting cooling of the deeper layers. The enhanced summer warming is
restricted to the very uppermost layers leading to a strong vertical
temperature gradient. For 9000 years BP, the increased Nile runoff (due to the
enhanced North-African monsoon) is overcompensated by the missing
outflow from the Bosphorus and the location of Aegean deep water formation
is shifted westward. For the 6000 years BP, the Nile runoff is enhanced as
well and the outflow from the Black Sea is reduced due to drier climatic
conditionsin SE Europe. The model results are compared to available SST/SSS
reconstructions derived from paleoproxy data.
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Abstract

In the past the Nile floods transported large quantities of fine-grain sediments and nutrients at the end of each summer to the inner
shelf of Isragl which is part of the Nile littoral cell. In order to determine the influence of the damming of the Nile on the sea floor 9
short cores (~30cm) were taken at ~40m in aS-N transect. The sediments, dated by Lead-210, significantly coarsen in the post-
Aswan High Dam period with 5-10 times increase in >63um size fraction, ~50% increase in CaCO3, ~50% decrease in total organic
carbon and ~2.5%o decrease (-19.5 t0-22) in §13Corg. These parameters indicate a rapid and large scale change in the sedimentary
regime and increasing oligotrophy during the last ~40 years, with far reaching implications for the future of the southeastern

Mediterranean.
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Introduction

The southern inner shelf of Israel islocated in the distal part of the Nile littoral
cell. Until recently most of the sediments in the 30-50m silt belt [1] were
derived from the Nile floods that reached the Israeli coast at the end of each
summer by the alongshore northward current [2]. During the last century a
series of dams were built along the Nile and since the operation of the Aswan
High Dam amost all the discharge to the southeastern (SE) Mediterranean
stopped, including ~107 tonesly of fine sediments [3]. This completely changed
the hydrological and biological regime in the SE Mediterranean turning it into a
hyper-oligotrophic sea. In this study we intend to characterize the consequences
of the shut down of the Nile River discharge to the SE Mediterranean and
examine the post-Aswan High Dam sedimentation pattern in the middle part of
the inner shelf of Israel, an area which is considered to be highly affected by
these recent man-made changes.

Material and Methods

Nine short cores were sampled along ~160 km of Isragl inner shelf from off
Ashgelon in the south to off Acre in the north. The sediments were taken from
the silt belt at 35-40m water depth, an area most sensitive to changes in Nile
River discharge [1]. The sediments were cut into 1 cm thick slices, lyophilized
and then analyzed for granulometry, clay mineralogy, major and trace elements,
CaCOj3 and total organic carbon (TOC) content and $13Corg. Chronology was
determined in three cores using Lead-210.

Results and Discussion

Theinner shelf of Isragl is an integral part of the Nile littoral cell and is located
on itsdistal part under the affect of the alongshore northward current [4]. In the
past, this current transported Nile derived nutrients and fine sediments to the
Israeli coast [2]. The sediment regime of the inner shelf is expected to directly
record changes in Nile discharge resulting from its damming during the last
century. The top ~10 cm, which accumulated during the last ~40 years are
significantly coarser than the underlying pre-Aswan High Dam sediments. The
sand content exceeds 60% in post-Aswan High Dam compared to <10% in the
pre-Aswan High Dam sediments (Fig. 1). Grain size mode increased gradually
from ~5um in the pre-Aswan High Dam to >85um in the post-Aswan High
Dam sediments. Silt fraction, comprising ~75% in the pre-Aswan High Dam
sediments decreased to ~45% in the post-Aswan High Dam sediments and clay
content decreased by ~50%, from ~20% to <10%. The coarsening in grain sizeis
more abrupt and rapid in the southern shelf, closer to the Nile, than in the
northern distal part. In the later, the coarsening starts earlier, is more gradual and
increases in two steps apparently as a response to an earlier stage of damming
of the Nile that was hardly recorded in the southern shelf.

Sediment coarsening is also accompanied by a distinct but moderate increase in
CaCOg3, from less than 10% to 15-20% in the southern shelf and to ~80% in the
most distal northern part. TOC content of 0.8-1wt.% with 813Corg of about -
19.5%o in pre-Aswan High Dam sediments decreased to less than 0.5wt.% TOC
and about -22%. 513Corg in the overlying younger sediments. The decrease in
these variables reflects a mgjor change in the regional nutrient budget and a major
decresse in primary production that coincides with the damming of the Nile [3].
The trend of increasing oligotrophy in the inner shelf of Israel differs from
recent reports on a major anthropogenic contribution of nutrients that supports
increasing fishery in the Mediterranean coastal waters off Egypt [5]. This
increase in fertility seems to be of local scale restricted mainly to the delta area,

unlike the pre-Aswan High Dam summer floods that were of significant and
large magnitude and affected annually the Israeli shelf.

The decrease in TOC and §13Corg, indicators of nutrient supply and primary
production, predates the sharp sediment coarsening. This may indicate that
earlier phases of Nile damming had aready contributed to the increasing
oligotrophy of the SE Mediterranean, which accelerated after the operation of
the Aswan High Dam.
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Fig. 1. Sediment dynamics in the last ~100 years at the distal part of the Nile
littoral cell (southern shelf of Isragl): (a) % >63um size fraction (circle) and %
Al (x); (b) Grain size mode (um); (c) % CaCO3; (d) TOC (wt.%); (€) 13Corg
(%0). Note that the major change in the sedimentation pattern coincides with the
operation of Aswan High Dam at 1965
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Abstract

Based on new multibeam bathymetric data and high and ultrahigh resolution seismic-reflection profiles, different types of mass-
movement deposits have been mapped in three geomorphological environments (seamounts, valley walls and open slope) of the
Almeria margin and adjacent Alboran Trough. Different factors have been invoked to explain the triggering of theses mass-

movements.

Keywords: Alboran Sea, Stratigraphy, Western Mediterranean, Sedimentation, Acoustics

Introduction

Mass-movement deposits of various types and sizes have been described in
different sectors of the NW Mediterranean Sea as for example in the Balearic
Islands, Ebro margin, and Gulf of Lion (1). But few examples have been studied
in the SW Mediterranean Sea (2, 3) in spite of mass-movements represent an
important process in shaping its margins. The present study focuses on the
Quaternary mass-movement deposits of the Almeria margin and adjacent Alboran
Trough in the eastern Alboran Sea (SW Mediterranean) which is a tectonicaly
active area characterised by a complex morphostructure with margins, basins, and
seamounts.To analyse the morphologies and distribution of the mass-movements
as well as to examine their relationship between dliding and the environment
where they occur, a large data set including multibeam bathymetry, ultrahigh
resolution seismic profiles (Topas system) and high resolution seismic profiles
(Airguns) have been analysed.

Results and discussion
Mass-movements have been identified in three geomorphological environments,

seamounts, open slopes, and valley walls in the Almeria margin and adjacent
Alboran Trough (Figs.1 and 2).
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Fig. 1. Topas seismic profiles illustrating the mass movementsin (A) the Sabinar
Seamount and (B) the open slope environment.

The mass-movement deposits affecting to the seamounts (i) comprise slides scars
and dlides on the walls (10°-27°) that evolve downslope to mass-flow deposits
resting on the slope break. These mass-flow deposits show alobate shapein plan
view and a lenticular geometry in cross-section and acoustically are characterized
by semitransparent facies. Within the Quaternary sequence, the lobes of mass-
flow deposits are vertically stacked and their size decrease progressively upward
suggesting the occurrence of successive episodes of failure and their decrease in
importance with time. These mass-movement deposits can be divided into two
groups based on their size: small-scale (few km in length) and medium-scale (tens
of km in length). The smaller deposits are identified in the Pollux, Sabinar, Gata,
Maimonides, EI Monsour, Y usuf, and Adra seamounts. With respect to the large-
scale mass-movement deposits they have been mapped in the south flanks of the
Sabinar and Pollux seamounts (Fig.1A).

In the open slope environment (ii) a buried isolated body of mass-flow deposits
has been identified at 800 m water depth, where the slope gradient is about 3. It
is located close to NE-SW La Serrata fault and to WNW-ESE anticline structures,
both with surficial expression. This body displays a lenticular shape and
seismically is defined by chaotic facies with reflections of high reflectivity that
interrupt the lateral continuity of the stratified surrounding open slope deposits
(Fig.1B).

In the Almeria canyon-channel mass movement deposits (iii) include mostly
dlides scars, and mass flow deposits and that are identified on their walls. Here,
the occurrence of mass-movement processes is also evidenced by the
canyon/channel fill deposits whose seismofacies reved ancient cut and fills
features, and mass-flow deposits (Fig.2).

Fig. 2. Topas seismic profile illustrating the mass-movement deposits identified
in the walls of the Almeria Canyon.

Different factors have been invoked to explain the triggering of mapped mass-
movements. Those deposits in the seamounts and open slope environments
result from the interplay of earthquake activity associated to fault activity and/or
slope overstepping. While in the canyon-channel environment, the mass-
movement deposits are mainly related to the erosion activity and/or the slope
overstepping. The different size of the mass- movement deposits in the seamount
environment is conditioned by the available run-out distances and their
topography profile morphology and slope gradients.
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Abstract

The foraminiferal taxonomic composition and density, granulometric composition, carbonate and organic matter contents were
determined in recent surface sediments of the Zrmanja river estuary in June 2008. The results indicate that foraminiferal distribution
strongly depends on location in the estuary and organic matter and carbonate contents, and granulometric composition of the

sediments.
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INTRODUCTION

This study was conducted at twelve stations in the Zrmanja river estuary,
which is located in the north part of Dalmatia (eastern Adriatic coast). The
Zrmanja river is approximately 69 km long and discharges into the Adriatic
Sea, forming a highly stratified estuary [1]. The estuary can be divided in the
upper (river Zrmanja from Jankovic buk to Novigrad Sea), middle (Novigrad
and Karin Sea) and lower part (Velebit channel and the strait between
Novigrad and coastal Adriatic Sea) [2]. The correlation between foraminiferal
assemblages and sedimentary facies has been determined in estuarine and
continental shelf areas [3,4], therefore we aimed to determine the relationships
between foraminiferal distribution and chemica and granulometric
composition of the sedimentsin the Zrmanja estuary.

MATERIALSAND METHODS

Surface sediment samples (0-2 cm) were collected using Van Ween grab in
June 2008. The sediment was immediately frozen, stored at -20 °C and freeze-
dried in the laboratory. Foraminifera were counted in the fraction larger than
125 pm, in the aliquots containing about 300 foraminiferal specimens. The
granulometric composition, carbonate and organic matter contents in the
sediment were analysed as described in the reference [5;

RESULTS AND DISCUSSION

Based on the statistical analysis of foraminiferal composition and abundances
and sediment properties at the investigated stations, the results are as follows:
1) The differences between the five stations in the upper estuary sediments
were considerable. Sand content decreased from Jankovic buk (97.5%) to
Zrmanja mouth (10.6%). The same trend was noticed for carbonate content
(34.2 and 72.3%, respectively), while portion of organic matter increased
(1.13 and 6.87%, respectively). Foraminifera density at these stations ranged
from 2 to 971 specimens per 1 gram of dry sediment, and was dominated by
the cosmopolitan species Ammonia tepida (40.8-80.2%). The other abundant
taxa were Aubignyna perlucida (0-16.9%), Cribroelphidium decipiens (O-
14.1%), Elphidium spp. (1.7- 42.1%) and Quinqueloculina spp. (0-10.5%).
Species Ammonia tepida and Aubignyna perlucida are found in other areas
with lower salinity [6,7]. The station in the strait between Novigrad and
coastal Adriatic Sea had the highest gravel (37.9%) and carbonate contents
(72.3%). Connemarella rudis (26.5%) and Triloculina tricarinata (14.3%)
were dominant species. Presence of Connemarella rudisisin accordance with
its preference for sandy sediment [4], while Triloculina tricarinatais usually
found in areas with intensive circulation [8]. The six marine stations in the
Novigrad Sea, Karin and coasta Adriatic Sea were characterized by the
foraminiferal density between 104 and 475 specimens per 1 g of dry sediment,
the highest organic matter (6.55-10.68%) and lower carbonate contents (15.8-
45.9%). At these stations Cribroel phidium decipiens (11.1-16.5%), Ammonia
tepida (1.6-20.8%), Bulimina aculeata (0.3-15.2%), Protel phidium granosum
(0.5-10.7%) and Asterigerinata mamilla (0-11.8%) were dominant. Those
species are associated with fine-grained sediments [4,9], and at these stations
fine-grained clay particles contents were the highest (39.0-53.5%). These
results indicate that in the river Zrmanja estuary foraminiferal distribution is
strongly affected by the locations in the estuary, as well as by organic matter,
carbonate contents, and granulometric composition of the sediment.
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Abstract

Observation of coastal areas may address to different aspects of the environment such as parameters and processes of water quality,
hydrodynamics, geomorphology, meteorology and ecology. Satellite and airborne remote sensing can provide an important contribute
for assessing and monitoring the status of water quality. Selected case studies, which describe data acquisition and processing, outline
improvements in the advanced methodologies and provide examples of gaps and barriers to produce useful applications in coastal

areas, are presented.
Keywords: Coastal Waters, Remote Sensing, Adriatic Sea

Introduction

Coastal areas are characterized by small-scale processes, high spatial and
temporal variability of the main physical and biogeochemical properties of the
water, hazards and unpredictable events. These areas are very sensitive to the
impact of human activities and land use in watersheds, along the coast and
further inland, of fluvial discharges, and of marine processes.

Local and national authorities require innovative methods and technologies for
managing coastal risks and monitoring water quality, in order to satisfy
operational, spatial and qualitative requirements with a good cost-benefit ratio.
In the recent decades, a helpful contribution has been obtained by the Remote
Sensing data, which can significantly enhance the information available from
traditional data sources providing synoptic views of large portions of Earth with
areatively high revisiting frequency and therefore early detection of anomalies
and degradation of the ecologica status.

Remote sensing of the bio-optical parameters can be an important way for
monitoring the coastal environment. Whereas the optical properties of open
ocean (Case 1 water) are primarily a function of phytoplankton concentration,
coastal waters (Case 2 water) represent a more complex optical environment [1].
The optical properties in these areas are due to a mix of phytoplankton,
suspended sediments, and CDOM that can vary independently from each other.
Besides the water colour can be influenced by bottom reflectance and we must
take account of the natural variability in the types of bottom (e.g., sand, mud,
rocky, algae or seagrasses covered).

Water quality parameters may be derived from hyperspectral data[2] [3] [4].

Methodology and results

In the last years, we have investigated the capability of multi and hyperspectral
remote sensing data to meet the information needs of end users in the coastal
zone and we present some case studies which describe data acquisition and
processing, outline improvements in the advanced methodologies and provide
examples of gaps and barriers to producing useful applications.

During satellite and airborne overpasses on the Adriatic Sea (Lagoon of Venice,
2001-05; Sacca di Goro Lagoon, 2005-06; Montenegro, 2007-09, see Fig. 1), we
acquired an extensive in situ data set: the field campaigns retrieved inherent
optical properties, apparent optical properties, substrate reflectance spectra,
and water quality parameters with advanced instruments. The efforts aim at
making afirst step in the construction of a feasible and timely methodology for
quantitative assessment of water quality parameters detectable from
hyperspectral data. The adopted analysis techniques of satellite and airborne
imagery were: the empirical agorithm for CDOM/chl-a retrieval; the
classification techniques for algae and submerged vegetation identification with
spectra libraries; the complex physically based model that considers analytical
formulations of radiative transfer equations and the application of numerical
simulations (Hydrolight software).

In particular, for the Venice Lagoon the authors have been involved in the tuning
of aphysical model for the highly turbid Venice lagoon waters and developed an
inversion technique appropriate for hyperspectral data processing to retrieve
water constituent concentrations from remotely data.

Conclusions

Within the hyperspectra VIS-NIR spectral range, several parameters are
detectable from space: presence/absence of algal blooms, concentration of
phytoplankton with some information on content of different pigments,
suspended matter and yellow substances concentrations, diffuse attenuation
coefficient, water colour, water transparency and, over shalow waters,
bathymetry, submerged vegetations and substrate types.

The selected applications of hyperspectral observation techniques in the
Adriatic sea, financed and conducted in the framework of international projects
(i.e. NERC, ESA, ASI, Italian Environmental Ministry), provide examples of
the remote sensing efficiency in the field of integrated coastal environmental
management.

Fig. 1. Location of case studies: Lagoon of Venice (1), Sacca di Goro Lagoon (2),
Montenegro coastal area (3).
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Abstract

Deep dessication in Western Mediterranean has been proposed in 1973 by W.B.F.Ryan and a. Leg. 13 of Joides. Subsidence in
Tunisia was proven in Eastern Tunisia both in Kerkennah Islands (La Mer Pélagienne, Geol.Med.t V1.1.1979) and Eastern Tunisia on

land and off shore.
Keywords: Messinian, Salinity

In Eastern Tunisia, South of Sousse, outcrops of Marine Messinian are known
near Zeramedine and Bou Merdas with fossils including Bryozoa, Oysters and
microfauna. They overlay the Tortonian Somaa sands and are followed by the
continental Segui Formation Off-shore, above the Somaa sand there is amarine
unit called Melgart Formation with a few beds of limestone and a rich
Messinian microfauna. In the upper part it begins to be lagoonish with
gypsum layers and is named Oued Bel Kredim Formation. They are overlain
by the marine Early Pliocene Raf-Raf shale. In North East Tunisia (Bizerte
and Raf-Raf area) the post-orogenic molasse presents above the Kechabta
Tortonian detritic unit, the Oued Bel Kredim Formation: open marine at base
with Messinian microfauna, it becomes lagoonish in the upper part and
presents some lacustrine limestone layers. It is overlain, with angular
unconformity, by the Early Pliocene Raf-Raf shale. It is evident that the
presence of open marine Messinian sediments excludes the presence of deep
holes with dessication in the Western Mediterranean. On an other hand, a
thick sequence of Salt is known. The western Mediterranean was a lagoon
with concentration of halite. The hypothesis of a deep dessication was due to
an erroneous tectonic interpretation. In fact, there has been a regular
subsidence during and after the salt sedimentation: a present rate of subsidence
of 1 or 2 millimeters by year is known in numerous places around the
Mediterranean.
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Abstract

Severd brine basins appear to occur in the deep waters of the Eastern Mediterranean. These are characterized by extreme
environments with high pressure and density, redox conditions and saturated salt concentrations. These basins are probably the result
of the dissolution of Miocene salt deposits that became exposed to seawater after tectonic activity. The high densities of the brine
fluids contrast with seawater limiting the mixing with overlaying oxic seawater. As a consequence, isolated habitats evolved in which
adapted microbiological life exists. Distinct differences occur between the various basins related to chemical composition and density.

Keywords: Anoxia, Eastern Mediterranean, Interfaces

At the bottom of eastern Mediterranean Sea (~3500 m water depth) severa
deep hypersaline anoxic brine basins have been discovered in the last 30 years.
Amongst these are : Atalante (AB), Bannock (BB), Discovery (DB), Nadir
(NB), Medee (MB), Tyro (TB), and Urania (UB) all names after the ships
involved in their initial discovery (Fig. 1). The genera composition of the
brine pools resulted from the dissolution of subterranean late-Miocene
evaporitic salt deposits, underlying the Mediterranean sediments . It is most
likely related to the collision of the African beneath the Eurasian tectonic plate
[1, 2]. Alternatively the deep submarine basins might have been formed by
accretionary processes and may have subsequently been filled with fossils and
highly concentrated relics of Messinian water trapped in the interstitial area of
the deep-sea sediments [3]. Waters enclosed in these depressions are
characterized not only by high pressure and density, but also and for most by
their redox state, lack of oxygen and saturated salt concentrations. Strong
salinities and density gradients prevent mixing with the oxic seawater above
and hence lead to stratification of the water column forming sharp and
distinctive seawater/brine interfaces of 1- to 2 m (Fig. 2). Moreover the
elevated density and salinities basically tend to reduce biodiversity [4].
Despite these extreme conditions and the limited exchanges between brine and
overlying seawater, anoxic basins are not biological deserts since several
microbial communities appear to have developed under these conditions,
usually considered as harsh [2]. In particular the oxic/anoxic boundaries are
considered to be a hot spot for biological activity where the sharp redox
potential differences create favourable conditions for different types of
sequential metabolic processes [3]. The main microbial reaction in the lower
part of the interface is thought to be the anoxic oxidation of methane (AOM)
directly coupled to the reduction of sulphate (equation 1), where sulphide
oxidation and possibly ammonia oxidation are more dominant in the upper
reach of the seawater - brine interface (equation 2), according to the following
equation [4]: CHy + SO4% AHCOg + HS + H,0  (eg. 1) HS + 2 O,
aHSO4  (eg. 2) According to the most recent bio-explorations the deep
hypersaline basins are mostly dominated by Bacteriarather than Archaea with
a great variety of microorganisms adapted to the different chemical interfaces
composition. All brine basins show a relatively stable structure according to
the geochemical composition and temperature gradient. Despite that, 3
specific lakes (AB, DB, UB) geographically close to each other (Fig. 1), show
the largest differences in terms of geochemical composition and density. For
instance in Urania concentrations of Methane and Sulfide are relatively higher,
whereas the salinity islower. The most remarkable difference is referred to the
composition of Discovery mainly dominated by MgCl, in concentration
considered as a limit for the life [6]. The existence of microbial life in such
hostile environments suggests the high capability of microbial adaptation to
salinity. It also hints to the possibility of life in other extreme environments
such as the planet Mars, where the occurrence of high-salinity waters have
been suggested [7]. The study of these brine basins is part of the European
MIDDLE project with the general aim to investigate the extreme habitats of
deep hypersaline basins of the Eastern Mediterranean Sea. Preliminary results
from amultidisciplinary study of water and sediment samples collected during
the 2008 DOPPIO cruise with RV Pelagiawill presented.

References

1 - Camerlenghi A., 1990. Anoxic basins of the eastern Mediterranean:
geological framework. Mar. Chem., 31: 1-19.

2 - Van der Wielen P. W. J. J,, Bolhuis H., Borin S., Daffonchio D.,et al.,
2005. The Enigma of Prokaryotic Life in Deep Hypersaline Anoxic Basins.
Science, 307: 121-123.

3 - Vengosh A., De Lange G.J.,, Starinsky A., 1998. Boron isotope and

geochemical evidence for the origin of Urania and Bannock brines at the
eastern Mediterranean: Effect of water-rock interactions. Geochim. Cosm.
Acta, 62: 3221-3228.

4 - Borin S, Brusetti L., Mapelli F., D'Auria G., et a., 2009. Sulfur cycling
and methanogenesis primarily drive microbial colonization of the highly
sulfidic Urania deep hypersaline basin. Proc. Natl. Acad. Sci. U.SA., 106:
9151-9156.

5 - Vaentine D.L., 2002. Biogeochemistry and microbia ecology of methane
oxidation in anoxic environments: A review. Anton Leeuw. Int. J. G., 81: 271-
282.

6 - Wallmann K., Suess E., Westbrook G.H., Winckler G., et a., 1997. Salty
brines on the Mediterranean sea floor. Nature, 387: 31-32.

7 - Altheide, T., V. Chevrier, C. Nicholson, J. Denson, 2009. Experimental
investigation of the stability and evaporation of sulfate and chloride brines on
Mars. Earth Plan. ci. Lett., 282: 69-78.

Rapp. Comm. int. Mer Médit., 39, 2010


http://www.tcpdf.org

COMPOSITION AND ORIGIN OF HYPERSALINE EASTERN MEDITERANEAN BRINESWITH EMPHASIS

TO URANIA BASIN

C. Casalino I*, G. De Lange 1, A. Vengosh 2, A. Michard 3, C. Corselli 4, G. Winckler ® and K. Wallmann ©
1 Institute for Earth Sciences, Utrecht University, Utrecht, Netherlands - c.casalino@geo.uu.nl

2 Research Department, Hydrological Service, Jerusalem, Israel
3 CEREGE, Europole Méditerranéen de I'Arbois, Aix en Provence Cedex, France
4 Department Scienze Della Terra, University of Milan, Italy

5 Ingtitut fiir Umweltphysik der Universitét Heidelberg, Im Neuenheimer Feld, Heidelberg, Germany

6 Geomar Reseatch Center, Kiel, Germany

Abstract

During the last two decades an increasing number of anoxic hypersaline |akes has been discovered in the eastern Mediterranean and
characterized in successful EU projects such as PALAEOFLUX, MEDRIFF, SAP, and BIODEEP, and the French-Dutch
MEDINAUT programme. Brine basins are extreme environments with one of the highest dissolved sulphide concentrations ever
reported for the ‘open marine’ environment (up to more than 12 mM), and demonstrating large compositional differences between
different brine pools: going from a nearly 5 M MgCI2 solution and below seawater Na content (Discovery Basin) to a nearly saturated
5.3 M NaCl solution(Tyro Basin). The recently discovered Nadir brine is high in NaCl, methane, and possibly sulphide, and seems

rather ‘recent’. The Medee Basin, recently reported, is also NaCl-rich.

Keywords: Eastern Mediterranean, Deep Sea Processes, Deep Sea Basins

One of the most extreme environments thus far discovered is Urania Basin
which contains the highest radiogenic supersaturations ever observed for the
marine environment (3He / 4He of 1.10-7 and 40Ar / 36Ar of 470) [1], the
most extreme d11B (28%o) [2], the highest methane content (> 260 pl/ml), and
the highest bottom water temperature (> 480C). Irregular methane-driven
mud-eruptions appear to occur from the latter bottom at least up to 600 m
above the basin-floor, i.e. to a water depth of 2900 m. The composition of
most of the brines seems to relate to a‘relict brine' or the dissolution of
evaporites both originating from the Messinian period during which the
Mediterranean is thought to have been desiccated (Bannock, Atalante and
Tyro Basins). On the basis of various isotopes for most of these basins the
‘relic brine' option seems the most plausible. In addition, the compositions of
relevant major and minor elements appear to be in near coincidence with the
theoretical seawater evaporation path. Urania brine is the most extreme
exception to this picture, its major and minor element composition, but in
particular its isotopic signature clearly relates to a source area that must be
much deeper than that of the Messinian evaporites, and which is clearly
influenced by high-temperature interactions with old sediment and volcanic
units. In addition to their individual compositional characteristics, each brine
demonstrates a typical and for most of them rather stable internal brine
structure of various different brine levels. Subtle as well as outspoken
temperature and compositional differences occur between the different brine
levels in individual basins. The transition between different brine levels, and
between brine and seawater may be relatively gradual but usualy is extremely
abrupt. In particular the seawater/brine transition is dramatic changing from
seawater to 10x seawater concentration within a depth interval of 100 cm. The
interface is further characterized by a strong dip in Transmission (= high
suspended matter content, but possibly partly related to reflection of waters
of different densities) [3, 4].

References

1 - Winckler, G., Suess, E., Wallmann, K., De Lange, G.J., Westbrook, G.K.,
Bayer, R., 1997. Excess helium and argon of radiogenic origin in Mediterranean
brine basins. Earth Plan. ci. Lett., 151: 225-231.

2 - Vengosh A., De Lange G.J.,, Starinsky A., 1998. Boron isotope and
geochemical evidence for the origin of Urania and Bannock brines at the
eastern Mediterranean: Effect of water-rock interactions. Geochim. Cosm.
Acta, 62: 3221-3228.

3 - De Lange G.J,, Bodlrijk N.A.l.M, Catdano G., Corselli C., Klinkhammer
G.P., Middelburg J.J., Ullman W.J., van Gaans P. and JR.W Woittiez, 1990
(a). Sulphate-related equilibriain the hypersaline brines of Tyro and Bannock
Basins, eastern Mediterranean, Mar. Chem. 31: 89,112.

4 - De Lange G.J,, Catalano G., Klinkhammer G.P.and Luther 11 G.W.,1990
(b). The interface between oxic seawater and the anoxic Bannock brine; its
sharpness and the consequences for the redox-related cycling of Mn and Ba,
Mar. Chem. 31: 205;217.

10

Rapp. Comm. int. Mer Médit., 39, 2010


http://www.tcpdf.org

HEAVY METALS, PAHSAND PCBSIN THE SEDIMENT OF THE VENICE LAGOON
D. Cassin 1*, M. Botter 1, A. Pesce 1, A. Rismondo 2, R. Rosselli 3 and R. Zonta !
1 SELC (Soc. Coop.), Via dellI'Elettricita 3/d, 30175 Venice (Italy)
2 Magistrato alle Acque, Servizio Informativo, San Marco 2949, 30124 Venezia
3 National Research Council — Institute of Marine Sciences (CNR-ISMAR), Castello 1364/A, 30122 Venice (Italy) -
daniele.cassin@ve.ismar.cnr.it

Abstract

The sediment of the shallow water areas of the Venice Lagoon was investigated by collecting 50 cm-long cores from 380 sites.
Samples were analysed for heavy metal, polycyclic aromatic hydrocarbon (PAHS) and polychlorinated biphenyls (PCBs) contents.
Pollutant concentration shows a wide variability both spatially and along the vertical profile, but not evident situation of acute
contamination are observed. However, the contamination level of mercury deserves attention, its value resulting quite often above the

NOAA-ERM limit.
Keywords: Metals, Pch, Pah, Sediments, Lagoons

Sediments are widely recognized as a suitable medium for assessing
environmental quality, as they both reflect and integrate contaminant inputs to
the marine environment, thereby allowing sources and sinks to be investigated
[1]. The lagoon of Veniceis acoastal shallow waterbody with a surface of 550
km? and an average depth of about 1 m. The impact of the human activities
affects the various shallow water areas to a different extent, in response to
local water renewal and position with respect to the pollution sources. This
study focused on heavy metals (Al, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb and Zn),
arsenic, polycyclic aromatic hydrocarbon (PAHs) and polychlorinated
biphenyls (PCBs) distributions in the sediment of the whole lagoon. In 2008,
fifty centimetres-long cores were collected in 380 sampling sites (Fig.1). Each
core was dliced in five parts, obtaining 1900 samples corresponding to the
following depth layers: 0-5 (named layer “A”), 5-10 (“B"), 10-20 (“C"), 20-
30 (“D") and 30-50 (“E") cm. Metal concentrations were determined by
inductively coupled plasma atomic emission spectrometry (ICP-AES) [2].
Concentrations of 14 PAHs (USEPA priority pollutants) and 7 PCB congeners
(named indicator-PCBs) were analyzed in the 760 samples from layers“A”
and “B" with high performance liquid chromatography (HPLC) and by
capillary gas chromatography (GC), respectively [3]. Analyses of grain-size
distribution and nutrient (C, N, P) contents were also performed. The
obtained 3D dataset updates and upgrades the knowledge on the lagoon
sediment characteristics, and permits to investigate their spatial and temporal
variations as well as quality conditions with a great detail. Pollutant
concentration shows a wide variability both spatially and along the vertical
profile. Higher metal concentrations (particularly Cd, Cu, Hg, Pb and Zn) are
found in the correspondence of knew sources (freshwater tributary inlets,
industrial area, city of Venice), but also new situations of sediment
contamination are evidenced in some areas. Mean concentration values
calculated in the five sampling layers (Table 1) give a first picture of the
contamination level of the whole lagoon sediment. For comparison, the table
also shows the percentage distribution of concentration data measured in the
1900 samples with respect to the NOAA sediment quality guidelines (SQGS):
effect range-low (ERL) and effect range-median (ERM) [4]. Arsenic, Cd and
Ni concentration exceeds the ERL value in a significant number of samples
(37%, 29%, and 16% respectively). However, the most relevant outcome is
the high concentration of Hg, which exceeds the ERL and the ERM values in
76% and 27% of the samples, respectively. Concerning the two superficial
layers, it is worth to observe that the mean concentration in“A” islower by
about the 10% with respect to“B”, for al metals. Mean PAH and PCB
concentrations, instead, do not show variation with the depth.

Adriatic
Sea

10 Km

Fig. 1. Location of the 380 sampling sites

Tab. 1. Average concentration (mg/kg, dry weight) of contaminants in the five
investigated sediment layers. The last three columns report the percentage
distribution of the 1900 samples with respect to the NOAA-SQGs.

Sediment layer 3 E =
E N E
A B c D E | v 2 | a

w {
As 6,6 75 8,3 9.1 9.3 63 | 37 0
Cd 1.2 1.4 1.3 1,3 1.1 14l 29 | 1
Cr 16 17 18 19 19 100 | 0 0
Cu 19 21 21 21 19 92 8 0
Hg 0,51 0,55 0,54 0,49 0,39 24 49 | 27
Mn 239 250 265 278 279 - -
Ni 13 14 15 16 17 84 16 0
Pb 15 17 17 17 15 99 1 0
Zn 90 103 107 105 72 87 10 3
IPAH 0,36 0,35 - 99 1 0
*PCB | 0,006 0,006 - 98 2 0
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Abstract

The distribution of cold seeps in relation to the seabed tectonic features of the Calabrian Arc is examined using multibeam
data.Integration of swath bathymetry with backscatter data indicates the presence of at least 40 seepage sites, recognized as sub-
circular to elongate high backscatter patches of varying form (e.g. cones, calderas, domes, pies, scarps). Many resemble mud
volcanoes, proven at several sites by seismic and core data. Most cold seeps lie on the inner to central Arc, a distribution inferred to

reflect the long-term dynamics of the accretionary prism.

Keywords: Mud Volcanoes, Svath Mapping, Active Margins, Geomor phology

A new Mediterranean cold seep province was discovered offshore southern
Italy during the summer 2005 campaign of the Italian research vessel OGS
Explora, which acquired the first regional multibeam coverage of the Calabrian
accretionary prism [1, 2]. Detailed investigations at two sites provided seismic
and sample evidence of tectonicaly-driven mud volcanism since the late
Pliocene [3]. These two sites were further investigated during two campaigns
equipped with remotely-operated vehicles (ROVs), which found seabed
evidence of geological and biological seepage activity [4, 5]. Here we present
new information regarding the wider distribution of cold seeps across the
accretionary prism in relation to its main tectonic features.

* suspected cold seeps

(high backscatter + form)
o proven mud volcanoes
(cored)

Depth (m)
5167

Fig. 1. Distribution of seepage sites across the Calabrian accretionary prism as
inferred from integration of multibeam swath bathymetry and backscatter data

Multibeam data across water depths of c. 1000-4000 m reveal the main seabed
tectonic features of the Calabrian Arc, within three main zones [cf. 6]: inner
forearc basins (Spartivento-Crotone), a central thrust-fold belt and the outer
cobblestone area (underlain by Messinian evaporites). Integration of swath
bathymetric and backscatter data indicates the presence of at least 40 sites of
seabed seepage across the inner and central Arc, recognized as sub-circular to
elongate high backscatter patches of varying form. Some features lie along
linear trends that appear to correspond to seabed fault scarps. Many features
have forms that resemble mud volcanoes (cones, calderas, domes, broad pies).
Mud volcanoes (MVs) are proven at three main sites by cores of mud
breccias, complemented by seismic profiles: the Madonna dello lonio MVs
(including three extrusive centres, 1.5-3 km in diameter), the Pythagoras mud
volcano (amud pie up to 9 km in diameter) and the Sartori MV (a small dome
c. 1.5 km across). The latter is identified from cores of ‘chaotic sediments’
recovered in 1981 and originaly interpreted as tectonic breccias [7]. The
former two features have been shown to be the tops of subsurface extrusive
edifices >1 km thick that record extrusive activity and subsidence over severa
million years, triggered by the rise of fluids from deep within the accretionary
prism [3]. This model of tectonically-driven fluid escape is consistent with the
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observed distribution of cold seeps, which (as on the Mediterranean Ridge) are
absent on the outer Arc where thick evaporites have been incorporated into
the accretionary prism.

Seabed investigations of the Madonna and Pythagoras mud volcanoes provide
evidence of ongoing seabed seepage of gas (methane) and warm mud, in places
supporting chemosynthetic ecosystems [4, 5]. Gas seepage is aso indicated
by acoustic data acquired by OGS in 2009 across a mud volcano 6 km
offshore Catanzaro Marina (Calabria , Italy). At present we have no
information as to how many other seepage sites on the Calabrian Arc are
currently active, whether gas hydrates are present, the type and quantities of
gases and/or fluids that are being released into the water column, or the forms
of chemosynthetic microbial and macrofaunal life that may be supported by
seabed emissions of hydrocarbons. Preparations are underway to undertake
further multidisciplinary investigations of seabed hydrocarbon seepage in the
Calabrian Arc cold seep province (OGS HY DROCAL proposal).
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Abstract

Theseabed dynamics of the lonian Calabrian Margin are currently being examined in the context of the project MAGIC (Marine
Geohazards along the Italian Coasts). Multibeam and shallow seismic data show that the seafloor within X km of the Calabrian coast
is characterized by the presence of canyons, slump, dides, diapirs, mud volcanoes and cold seeps. The presence of these
morphologies, indicative of ongoing processes of sediment transfer and fluid flow, makes this area particularly interesting in relation to

assessments of seafloor geohazards.
Keywords: lonian Sea, Continental Margin, Geomor phology

The lonian Caabrian Margin (ICM, Fig.1) is a tectonically active convergent
margin, the structures of which reflect two main processes: frontal compression
and fore-arc extension during the SE advance of the Calabrian accretionary prism
since the late Miocene[1]; and a rapid uplift (up to 1 mm/yr) of onshore and
shallow shelf areas since the mid-Pleistocene [2].

Fig. 1. Bathymetric map of the lonian Calabrian Margin

The morphological expression of these processes at seabed is a broad, irregular
offshore area that comprises the southern Apennine fold-and-thrust-belt,
overlain southwards by the Spartivento-Crotone fore-arc basins. The IMC is
currently being investigated in the framework of the MAGIC project
(Marine Geohazards along the Italian Coasts). The objectives of the project are
the definition of elements that may constitute geological risks for coastal areas.
This study is based on geophysical data acquired by the r/'v OGS Explora in
summer 2005 in the framework of the WGDT project, carried out in
collaboration with Universities of Calabriaand Trieste, and in Spring 2009 in the
framework of the MAGIC project. The dataset consists of a swath bathymetry
DEM with variable cell size (5-50 m), plus Chirp sub-bottom profiles (2-
7KHz) and available multichannel seismic (MCS) reflection data (Ministeriali
Zona F) [3], [4]. The interpretative method adopted at OGS for MAGIC
consists of mapping seabed morpho-bathymetric elements in relation to the
acoustic facies of near-seabed sediments identified on the sub-bottom data. This
allows the identification of the principal depositional and erosional features on
the margin, as well as indicators of recent seismo-tectonic activity. This
approach has been used to construct maps of morphological lineaments and
units in order to assess principal sites of geological risk. Morphologicaly, the
seabed of the ICM is characterized by a narrow (in places absent) continental
shelf above depths of c. 150 m, above a slope of irregular morphology that
extends to depths of 2000 m. In the north, the slope is broad and dominated by
the ridges and intervening basins (e.g. Amendolara Ridge and Basin, Corigliano
Basin), which are morphological expressions of the southern Apennine fold-and-
thrust belt. The fold-and-thrust belt is overlain to the south by the late
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Miocene-Pleistocene deposits of the Crotone basin. The northern area includes
two main canyon systems (Corigliano and Neto) that feed into the Taranto
valley. The main geological risks identified along the ICM during the first two
years of the MAGIC project are the retrogressive headwall activity of the Capo
Colonna, Esaro, Neto, Punta Alice e Capo Trionto canyons along the southern
part of the margin in proximity to the coastline. Other possible risks are are due
to the presence of canyons, slump, slides, diapirs, mud volcanoes and cold seep
and their relative proximity to the coastline.
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To date there is a strong debate about the question if the current rise in global
temperature is in range of the normal climatic “noise” or if it is a significant
positive anomaly. A way to obtain more insight into this question is by
studying past time intervals where potential analogue conditions existed. One
of these time intervals is the “ Roman Warm Period” (RWP: ~200 BC — 600
AD). Although it is generally thought to be an time interval where global
temperatures were relatively high, reconstructions vary remarkably for
different regions. Even within a region, reconstructions are not aways
uniform. For example, the SST in Bermuda Rise studied by Keigwin (1996)
shows a temperature decrease between 200 BC and 200 AD. Mangini et a.
(2005) and Taricco et al. (2009) also suggest a cold and dry period based on
180 isotopic records of stalagmite from the Central Alps and foraminifera
from Central Mediterranean. However, a recent review (Reale and Dirmeyer,
2000) of Mediterranean climate history indicates a gradual warming during the
Late Roman Period, and Sicre et a, (2008) reports SST between 0 and 100AD
that are similar to those observed during the MWP from the Atlantic, off
North Iceland. To obtain more insight into the climatic variability during the
RWP there is an urgent need for highly detailed climatic reconstructions.

It has been proved that Mediterranean is a suitable area for paleoclimate
studies as it is located between low and mid-latitudes and is influenced by
both monsoonal and NAO climate systems. In this study we will present the
results of a high temporal resolution study on the climatic and
paleoceanographic changes during the “Roman Warm Period” in the Eastern
Mediteterranian region (off southern Italy). Excellent time control based on
AMS dating and tephra-chronology allows the establishment of three-annual
resolution reconstructions. Detailed information about the variability in the
organic dinoflagellate cyst associations of piston core DP30PC (39° 50.07' N,
17° 48.05' E, water depth 270 m) allows the reconstruct of short term climatic
steered cyclic changes in upper water temperature, productivity and bottom
water oxygen concentrations as well as of Itaian loca river
discharge/precipitation signas. Possible mechanisms behind the observed
records will be discussed.
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Abstract

Fault motion and basin evolution in the Marmara Sea are 4 dimensiona. The Sea of Marmara developed along the highly active, right -
lateral North Anatolian Fault, which produced devastating historical earthquakes along its 1600 km length. A cruise took place in July
2008 of high-resolution MCS data throughout the Marmara Sea under TAMAM (T urkish-American M Armara M ultichannel) Project.
Seismic sections across the Western Ridge, a transverse ridge separating the Tekirdag and Central Basins, show folding of strata
above a blind thrust. Growth structures show that the eastern anticline of these folds is active and rapid subsidence and tilting in the
Marmara Trough are responsible for widespread gravitational collapse.

Keywords: Tectonics, Seismics

The Sea of Marmara developed along the highly active, right -lateral North
Anatolian Fault (NAF), which produced devastating historical earthquakes along
its 1600 km length. A cruise took place in July 2008 using the R/V K. Piri Reis
collecting >2700 km of high-resolution MCS data throughout the Marmara Sea
under TAMAM (T urkish-American MArmara M ultichannel) Project. TAMAM
was supported by NSF and used the facilities of Seismic Laboratory at Institute
of Marine Sciences and Technology (Fig.1). The seismic source was 45-45 cubic
inch Gl gun, - fired every 12.5 m and sometimes 18.75 m. The streamer had 72
channels with a group spacing of 6.25 and a— maximum ofset of 55 m. The
North Branch of the NAF accounts for most of the current plate motion and is
associated with al three main basins in the Marmara Sea. Seismic sections
across the Western Ridge, a transverse ridge separating the Tekirdag and Central
Basins, show folding of strata above a blind thrust. Growth structures in the
sediments show that the eastern anticline of these folds is active and probably
propagating eastward above the blind thrust. Some profiles show that rapid
subsidence and tilting in the Marmara Trough are responsible for widespread
gravitational collapse. One of the major regions of geological interest is the area
close to the North Anatolian Fault (NAF) where evidence of gas hydrates and
fluid escapes have been observed during previous scientific cruises (Géli, L., et
al., 2008). Helium gas, gas hydrate and oil leaks on western high and biogenic gas
have been sampled in Cinarcik basin. Most of the gas appears to be focused on
the Western and Central Highs and in the Imrali Basin. The near future goa of
the demonstration mission project (MARMARA-DM) is to contribute to the
establishment of optimized permanent seafloor observatory stations for
earthquake monitoring in the Marmara Sea, as part of European Seas
Observatory Network (ESONET) of Excellence Project (6" Framework
Program of European Union) and includes high-resolution seismic surveys to
image the fluid conduits in the upper (1 km) sediment layer.

Fig. 1. A cruise took place in July 2008 using the R/V K. Piri Reis collecting
>2700 km of high-resolution MCS data throughout the Marmara Sea under
TAMAM (Turkish-American MArmara Multichannel) Project
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THE MELILLA CARBONATE MOUNDS: DO DEEP-WATER CORAL MOUNDS COUNT ON SEEPING
FLUIDSIN THE ALBORAN SEA?
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Abstract

A large cluster of Holocene to Present deep-water coral mounds -the MelillaMound Field (MMF)- occurs in the southeastern margin
of the Alboran Sea. High-resolution and multichannel seismic, side-scan swath bathymetry, acoustic sub-bottom profiling, and sampling
have investigated the MMF. The mounds are ridge-like buildups 100250 m wide, 2-6 km long, and 20—60 m (up to 200 m) high above
the seabed, which lie in water depths ranging from 230 to 500 m. Sampling proves that mound are largely formed of cold-water corals
with a muddy matrix. Seismic profiles across the MMF show that faults exist beneath the mound-ridges, so that mounds nucleation
would have influence from fluid venting via fractures that may leak thermogenic gas or cold hydrocarbon seepages in addition to any

likely oceanographic control in mound’s origin.

Keywords: Alboran Sea, Bio-Accumulation, Deep Waters, Sediments, Seismics

A cluster of Holocene deep-water carbonate mounds -the MelillaMound Field
(MMF)- was discovered in the southeastern margin of the Alboran Sea
(Morocco margin) during the MARSIBAL-06 Cruise (R/V BIO Hespérides,
2006) [1]. The carbonate-mound field was revisited and sampling during the
TTR-17 Leg 1 survey [2]. The MMF occurs from the upper to the middle
slope, with NW-SE trending, on a gentle-dipping margin segment and covers
an area of more than 20 km?. Deep-water carbonate mounds, comparable to
those of the MMF, have not been documented before in the Alboran Sea
Swath bathymetry, acoustic sub-bottom profiling, high-resolution MAK-1
side-scan sonar, multichannel seismic, high-resolution seismic, and coring have
investigated the MMF Seafloor mounds appear as ridge-like buildups 100-
250 m wide, 2-6 km long, and 20-60 m (up to 200 m) high above the seabed;
which lie in water depths ranging from 250 to 500 m.They are also
surrounded by elongated erosional moats, probably caused by bottom currents
on the sea floor, which are 5-10 m deep and 50-100 m wide. Some ridges have
no linear but branched shapes. Buried or partly buried mounds, as showed by
sub-bottom profiles, are elongated and domed families of buildups
(transparent acoustic facies) rooted on highly reflective sedimentary layers
and surrounded by dark reflective moats, with dome-size increasing seaward.
They grow beneath the upper slope off the shelf break (water depth from 230
m), producing bulges in the seafloor, and give way to seabed mounds with
depth. At least three generations of successive mound-growth families are
observed. Some ridged-mounds nucleated upon former ones so that buried
constructions (columnar appearance in acoustic sections) grow up to 160 m
high. The internal architecture of mound-cluster prograding seawards suggests
that mounds developed during a period of sea-level drop or slope tilting.
Sampling by coring, TV grab and dredging during TTR-17 Leg 1 encountered
that mounds are formed of biogenic accumulations made up of corals
(Madrepora occulata, Caryophyllia sp, Desmophyllum sp, Lophelia pertusa)
and other common associated fauna. Colonies of dead scleratinean corals and a
diverse community dominated by soft corals, sponges and asteroids were
observed in TV runs. So that it is proved that mounds from the MMF
correspond to modern cold-water carbonate knolls The MMF occurs about
200 km to the east of the Alboran Mud Diapir Province were mud volcanoes,
pockmarks fields, seepages (methane) and fluid vents are well documented as
controlled by recent or actua tectonics. The geological setting indicates the
entire Alboran Basin, which is depleted of Messinian evaporites, is affected
by a significant Plio-Quaternary and still active wrench tectonics producing
local subsidence and uplifting. Seismic profiles across the MMF show that
faults exist beneath the mound ridges, so that we propose and argue that in
addition to probable oceanographic control, mounds nucleation may have
some influence from fluid venting via fractures that may leak thermogenic gas
or cold hydrocarbon seepages. in addition to any likely oceanographic control
in mound' s origin. Contribution from Projects SAGAS CTM2005-08071-03-
01, MARCAL CGL2006-13327-C04-04 and TOPO-IBERIA CSD2006-
00041 (Funded by R & D National Plan of the Ministry of Science and
Technology and FEDER funding, Spain) and Research Group RNM 215
(Junta de Andalucia).
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Abstract

This study aims to better understand the processes of formation and evolution of six submarine canyons along the western margin of
the Ligurian Basin, in relation to the regiona geological context and to do a comparative preliminary analysis with the Calabrian

Margin.

Keywords: Geomor phology, Continental Sope, Continental Margin, Ligurian Sea, Sediment Transport

Sediment transfer from continental shelves to deep-water basinsis an important
control on the morphological and architectural evolution of continental margins.
Downslope transfer of sediments via processes of erosion and deposition result
in the construction of typical features such as submarine canyons. This study
aims to better understand the processes of formation and evolution of six
submarine canyons along the western margin of the Ligurian Basin, within an
offshore area extending from Nice (France) to Imperia (Italy). Processes of slope
failure are analyzed within the same zone in order to investigate a wide range of
gravity-driven sediment transfer processes.

Analyses of seabed morphology, subsurface structures and present-day
sedimentary processes are based respectively on swath bathymetric data,
seismic-reflection profiles (24-channel) and side-scan sonar imagery, acquired
during the MALISAR 1 and 2 surveys. These data allow an analysis of the main
geometric characteristics of the canyons and of failure scars (width, depth,
incision shape), and of their internal structures, in order to better understand
their origin, construction mechanisms and evolution in relation to the regional
geological context. We show that submarine canyons adjust to the genera
evolution of the margin topography, via processes including regressive erosion
and deviation of the thalweg axis. Canyons can therefore be used as markers of
deformation of the Ligurian Basin margin, which is an example of a passive
margin that has been reactivated in a compressive sense since later Pliocene time.
Deformation of the Ligurian Basin increases eastward and basinward, in
response to uplift of the Ligurian coast. Thus, canyons in the west are
considered as mature canyons, with concave longitudinal profiles, their upper
parts characterized by V-shaped thalwegs (in cross-sections), and high slope-
gradients, while their lower parts by U-shaped and low slope-gradients. In
contrast, canyons in the east present convex longitudinal profiles and V-shaped
thalwegs (in cross-sections), with increasing slope-gradients towards their lower
parts, and are described as immature canyons that are being readjusted by
regressive erosion.

A similar study is in progress for the lonian continental margin of Calabria ,
using similar data to undertake a first analysis of slope-to-basin sedimentary
processes over Pliocene timescales. This will facilitate a comparative analysis of
these two tectonically active margins, the Ligurian Margin (passive margin
reactivated in compression) and the Caabrian Margin (active subduction
margin).
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Fig. 1. Bathymetry of the Western Ligurian Margin, longitudina profiles and
cross-sections of thalwegs of the Var canyon and the Verde canyon
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EASTERN MEDITERRANEAN ANAXIMANDER AND NILE MUD EXPULSION STRUCTURES: DEEP

ORIGIN FOR FLUIDS AND GASES.
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Abstract

Mud expulsion structures occur in eastern Mediterranean Passive and Active Margin settings. Active structures have major fluxes of
methane and also higher hydrocarbons. The porefluid and hydrocarbon isitopic composition idicate a deep source for the water and for
the gases. Variable sdlinities of the porefluids are encoutered as related to the presence or absence of underlying Messinian

evaporites.

Keywords: Active Margins, Passive Margins, Eastern Mediterranean, Mud Vol canoes

In the Eastern Mediterranean not only the Mediterranean Ridge (Active
Margin”) but aso the Nile Fan area (“ Passive Margin”) are characterized by
active mud expulsion structures. These structures at Anaximander area and
Nile fan have been sampled for the integrated study of fluid and gas
systematic, including the potential occurrence of Gas Hydrate (GH). At
Anaximander, the active top part of mud volcanoesis usually characterized by
fluids of reduced sdinities (~10 %o), whereasin the Nile area, these structures
have fluids of near-normal salinity to brine composition (> 300 %o). The low
salinity waters are related to deep dewatering during smectite-illite transition,
whereas the high sdinities result from dissolution of underlying Messinian
evaporites [1]. It seems therefore, that the salinity of the advecting fluids is
dramatically different between the two areas, whereas the measured methane
concentrations are similar, ranging from 1 to 3 mM for Anaximander and from
1.5t0 3.5 mM for the Nile area. In addition, in both areas but in particular that
of the Nile, mgjor expulsions of gas occur into the water column [2,3]. In the
Anaximander area low sub-bottomwater temperatures occur associated to GH
decomposing during recovery, whereas in particular the Cheops and Chefren
mud volcanoes in the Nile area have enhanced salinities & temperatures being
150 %o & 57°C at Chefren and > 300 %o & 37 / 25°C at Cheops. The latter
two mud volcanoes situated inside the large Menes Caldera, 8 km diameter,
have a distinct chimney-like brine/mud pit. Inside these muddy brine
structures, the liquid mud has been sampled for gas, and for porewater. At
both sites, the profiles are rather constant with depth and do not differ
between cores and accompanying brine-CTD's. The depth of the brine is
approximately 300 meters at Chefren and 10 meters at Cheops, which needs
to be compared to a 80 m depth of the Menes Caldera itself. Concurring with
the enhanced temperatures, the Si concentration in the cores has higher values
at Chefren (500-600 pM) and lower values a Cheops (300 uM).
Hydrogensulfide was found in higher concentrations in the central cores of
Chefren MV (up to 1.5 mM), and only in minor amount a Cheops. Two
camembert-like more shallow structures have also been studied in detail: Isis
and Amon mud volcano (MV). IN the central part of both MV’s methane has
similarly high concentrations af for the earlier mentioned sites, but salinity is
below normal for Isis and dlightlyl above normal for Amon. It isin particular
the high sulphate that is remarkable for the latter, pointing to a gypsym
evaporate contribution. This results in the peculiar co-occurrence of high
methane and sulphate within these sediments, where only in the topmost
interval methane is noticeably being degraded [3] . Thiswork is supported in
part by the EUROMARGINS Programme of the European Science
Foundation (NWO 855.01.032, MEDIFLUX project) and the EU
ANAXIMANDER project (EVK-2001-00123).
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Abstract

Initial deposition and preservation of the most recent sapropel S1 took place basin-wide and iso-chronous. Our basin-wide approach
further elucidates that the watercolumn below ~ 1.8 km must have remained predominantly anoxic during sapropel S1 deposition. A
marked Mn-rich sediment bed formed during the onset of reventilation at the end of sapropel S1. Its postdepositional preservation is

dependent on organic matter and sulphide content and subsequent sedimentation rates.

Keywords: Sediments, Paleoceanography, Deep Sea Processes

Mediterranean marine deposits found on land and at the seafloor, all
demonstrate a clear cyclic pattern in their composition that appears related to
Milankovitch astronomical variations [1-2]. The clear expression of these
climate cycles in Mediterranean deposits in particular is partly related to
restricted circulation in this semi-enclosed ocean basin.This restricted
circulation results not only in a delicate oxygen baance, but also in a
bottomwater formation and residence time that is very sensitive to Global
climatic variations in past, present, and future. Variations in riverine fluxes
concording with humidity-related climate cycles not only lead to variations in
bottom water conditions but aso in nutrient fluxes [3]. These variations have
resulted in aternating organic-rich (sapropels) and organic-lean (marls)
sediment intervals. This astronomical cyclicity serves as a perfect time-marker
for Mediterranean Miocene to recent sediments, which permits an
unprecedented comparison of samples in identica time-slices but from
different locations. Some of these organic-rich units have a high degree of
lamination [eg. 4], thus permitting high-resolution studies, whereas the
sedimentary expression of precessional cycles, volcanic ash layers and other
time markers permit a high degree of age control. Potentially basin-scale
reconstructions are possible for such time-slices, in particular for the most
recent S1 period [5]. Such reconstruction may not only involve the
oceanographic aspects of this model-ocean, but also the various land-ocean
interactions, such as riverine and eolian inputs from various surrounding
landmasses [6].

Fig. 1. In dark grey: deep water, thought to have been (nearly) permanently
anoxic during sapropel S1 formation (5.7-9.8 ka14C BP); Analysed core sites
areindicated.

As a consequence, climatic variations are accurately recorded not only by
giving variations in typica ‘marine’ signals, but aso in typica ‘continental’
signds. The‘Monsoonal index’ is strongly associated with the paleoclimatic
conditions in the area around the Eastern Mediterranean, i.e. Sahara/ Africa,
Middle East, Southern Europe. This association is clearly present in its
sediments, mainly in a ~ 21 kyr precession-controled cycle: during ‘humid’
climatic periods organic-rich sediment (Sapropel) is deposited containing
strong river and marine productivity signals, whereas during ‘arid’ climatic
periods organic-lean sediment is deposited containing high dust input signals.
As a conseguence of the increased fresh water (monsoon) input between 10.4
— 5.0 14C ky BP, sapropel S1 formed basin-wide synchronously between 9.8
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and 5.7 14C ky BP at all water depths greater than a few hundred metres [5].
Another effect of the increased precipitation over evaporation is water-column
stratification, and the resulting restricted deep-water ventilation. This has
caused predominantly anoxic water column conditions and as a consequence
preferential preservation of organic matter has occurred below 1.8 km during
4,000 years of S1 formation (Fig. 1). Several diagenetic features are associated
to sapropels, during their formation and during subsequent more oxic
environmental conditions [7]. During sapropel formation the downward
export of excess sulphide has resulted in an interval of reduced sediment
immediately below S1 [8], whereas the post-depositional excess oxygen
content has resulted in the downward removal of the topmost Sl interval [e.g.
9]. In addition, the deep-water reventilation thus re-oxygenation event has
resulted in a marked MnO2 bed (previously referred to as Marker Bed; [10]).
Using the S1 as a case study similar features can be recognized in older
sapropel units.
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F. Del Bianco 1*, L. Gasperini 1, G. Bortoluzzi 1, . Giglio 1, F. D'Oriano 1, A. Polonial, M. Ravaioli 1, Z. Kljajic 2 and A. Bulatovic 2
1 CNR Ismar Bologna, 40129, Italy - fabrizio.delbianco@bo.ismar.cnr.it
2 |ngtitute of Marine Biology, 85 330, Kotor, Montenegro

Abstract

During four cruises within the ADRICOSM-STAR project high-resolution CHIRP profiles, morphobathymetric data and bottom
samples were collected along the seismically active Montenegro and northern Albanian margin. Preliminary analysis of our data
suggest that seismogenic structures are marked at the seafloor by morphological features due to deformation of the sediments and

possibly to fluid and gas escape.

Keywords: Adriatic Sea, Continental Margin, Geophysics, Tectonics, Bathymetry

The Montenegro coastal region is characterized by intense seismicity and by
the occurrence of large historical earthquakes, such as the Great Dubrovnik
Earthquake (M=7, 6 April 1667), the June 13, 1593 event (M=6.5), with
epicenter located close to Kotor, and the June 1, 1905 event, with epicentre
near Skadar. The last large earthquake affecting the region is the M=7.1 (15
April 1979) whose epicentre was located fifteen kilometers from the
Montenegro coast between Bar and Ulcinj (Fig.1). This last event stressed the
importance of studying the Montenegro offshore to localize seismogenic
features and trying to understand their behaviour in time. The Montenegro
offshore and coastal area has been included in the northern segment of the
lonian-Adriatic coasta earthquake belt ([1]). This area constitutes the eastern
boundary of the Adriamicroplate, a block of continental lithosphere presently
colliding with the Dinarides chain since the late Miocene ([2], [3]); it
constitutes the most external sector of the chain. Along the Adriatic coast of
Montenegro, the 200 km-long plate boundary consists of a WNW trending
thrust belt (Fig. 1), cut by NS and rarely ENE oriented strike-slip faults
which laterally segment the major thrust front ([1], [2], [4]).
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Fig. 1. Structural map of the Montenegro margin ([4] modified). Circles
indicate local seismicity and main historical events ([5]). Boxes indicate areas
where morphological features possibly related to tectonic deformation were

observed

Despite its geological interest and the high seismic hazard, the Montenegro
offshore has been poorly investigated in the past, if we exclude extensive
multichannel seismic reflection surveys carried out by oil companies, not
available to the wider scientific community, and few seismic lines collected
during the’90 in the Albania offshore ([3]). During 4 oceanographic cruises,
carried out from May 2008 to July 2009 with the Italian CNR research
oceanographic ships Urania and Mariagrazia in the frame of ADRICOSM-
STAR project (ADRIatic seaintegrated COaStal and river basins Management
system: Montenegro coaSTal ARea and Bojanariver catchment), we collected
a set of marine geologica and geophysical data offshore Montenegro and
northern Albania. Our dataset includes high-resolution seismic reflection
profiles and multibeam morphobathymetric data, as well as several sediment
samples, gravity cores, grabs, and box corers collected in key areas, selected
through interpretation of geophysical data. The sediment accumulation in the
coastal area is variable along the margin, probably due to the effect of strong
alongshore bottom currents. First results from combined interpretation of
seismic profiles and sediment samples suggest that wide areas in the shelf are
presently starved, and LGM (Last Glacial Maximum) sedimentary features,
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such as dunes and sand ridges are present on the seafloor. These features are
mostly observed in the bathymetric range 60-120 m and are mainly made
of relict coarse sandy material that seems to be cleaned by bottom current
reworking.

Fig. 2. Morphobathymetric image of compressive deformation along the
margin. Seefigure 1 (box 1) for location

Typical geo-morphological and structural features observed along the margin
through integrated analysis of seismic reflection profiles and high resolution
bathymetric maps are: 1) hundreds-meter scale bathymetric swells, possibly
interpreted as mud volcanoes; 2) elongated, heavily deformed ridges, marking
compressive deformation fronts (Fig. 2); 3) rectilinear scarps offsetting the
seafloor. All of these features appear aligned with regional tectonic boundaries,
described by severa authors ([1], [2], [4]) and are thus probably genetically
controlled by deep-seated faults. Moreover, a correlation between these
features and loca seismicity (moderate to large historica earthquakes and
recent events) is also observed ([5]). Preliminary analysis of our data suggest
that seismogenic structures along the margin, such as thrusts and strike-slip
faults, are marked at the seafloor by morphological features due to
deformation of the sediments and possibly to fluid and gas escape. This very
preliminary results need to be confirmed by further analysis and collection of
new data along the margin.
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Abstract

The Nile Degp Sea Fan hosts numerous active fluid escape structures associated with large gas emitting mud volcanoes, authigenic
carbonates, pockmarks and briny mud volcanoes. During the Medeco2 expedition (HERMES Program), some of these seeps were
investigated with the research vessel Pourquoi pas?. Subbottom profilers and water column imageries were acquired with a CHIRF
and an EA600 echosounder. Near bottom geophysical investigations were conducted with the use of the Victor ROV that was
equipped with 1) a Reson 7125 multibeam system for high-resolution bathymetry and backscatter seafloor imagery and 2) an OTUS
camera for black and white imaging. We present here the geophysical characterization of the large mud volcano Menes caldera

complex located in the Western Nile Province.

Keywords: Deep Sea Processes, Eastern Mediterranean, Geophysics, Mud Vol canoes

The Menes Caldera discovered on the foot of the northwestern Egyptian
continental slope [1, 2] was surveyed in 2007 in great details with in particular
the use of the Victor ROV for near bottom geophysical surveys and in situ
samplings and measurements. The dataset previously acquired [1, 2] was
completed by geophysical imageries of the sediments, the seabed and the
water column.

Extending by 3000 m water depths with a diameter of ~8 km, the Menes
Caldera contains severa active mud volcanoes. Chephren and Cheops mud
volcanoes located in the south and roughly in the centre of the caldera,
respectively, are the most spectacular.

The Chephren structure is composed of two craters of 250 to 300 m in
diameter each. The northern crater is filled up with muddy brine sediments.
Within this brine lake, salinity reaches high values (120 to 145 psu). Gas
analysis in the water column revealed high methane concentrations, 0.4 to 5.6
mmol/l. The temperatures within the lake indicate uniform values with depth,
reaching ~60°C. In contrast, the southern crater is relatively cold with thermal
gradients similar to background values. This crater 10 to 20 metres deep
corresponds to a former brine lake that is at present inactive in terms of brine
seepage. Running outflows emitted from the northern brine lake are visible al
around the mud volcano with the most recent activity located at the northern
side. The seepage activity there corresponds to highly unstable seafloor
environment. The fauna is mostly restricted within the close periphery of the
brine lake. The small and narrow subcircular plateaus that composed the
upper part of the crater attracts many crabs and polychaete tubeworms.
Within the brine lake, the less unstable areas appear to be characterized by
dense accumulation of white filaments that correspond to sulfur associated
with arcobater, sulphide oxidizing bacteria (Boetius et a.).

Cheops mud volcano, similarly to Chephren, exhibits high salinity values and
methane concentrations (respectively 210 to 240 psu and 2.4 to 3.7 mmol/l).
Cheops mud volcano, with an average diameter of ~250m, is composed of a
brine lake surrounded by an amost continuous depression ring, covered in
some places with recent outflows. This latter probably corresponds to a
former edge of the lake. As previously suspected by [2], the inner domain of
this mud volcano correlates with an amost flat top where numerous muddy
brine pools, decimetre to metre in scale and covered by whitish filaments,
were observed at the surface of the lake. An average temperature of ~43°C
was recorded from the surface of the lake down to 440m through a very
unconsolidated material. The uniformity of the temperature profile with depth
clearly supports the occurrence of first order active convection within a
mud/brine/fluid conduit.

The newly acquired geophysical dataset and high-resolution seabed
photographic images brought more details, in particular, in the sesbed
morphology and spatial distribution of the seepage activity. The seepage
activity is not restricted to the major mud volcanoes. The entire caldera is
disturbed by fluids associated in depth with numerous faults and fractures and
at the seabed with brine-related features. Acoustic anomalies were detected in
the water column using the 38 kHz echosounder of the R/V Pourquoi pas?. An
echo contiguous to the seafloor was recorded up to 600 m above the seafloor
at the south-western border of the Menes. This acoustic anomaly is
interpreted as a gas flare associated with a listric fault in relation with salt
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tectonics.
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Abstract

Gulf of Izmir is located within a weakness zone known as Izmir — Balikesir transfer zone which is dominant by strike-dlip faults. This
zone's last activity has verified by 17-20 October 2005 dated “Gulf of Sigacik Earthquakes’. The aim of our study is to investigate the

sel smo-geomorphologic features of Flower Islands Fault which we consider as a part of this zone.

Keywords: Geophysics, Hydrography, Aegean Sea, Seismics

The relation between gulf's seabed deformations and regional stress fields is
known from Ocakoglu ve dig. [1]. Large numbers of strike-dlip faults are
indicated in the region according to their multi-channel seismic studies in the
Gulf of Izmir and Gulf of Kusadasi. The cinematic analysis studies of the Gulf
of 1zmir and it's environs show a NNE — SSW directed expansion and WNW —
ESE directed compression during the Quaternary — Holocene period [2]. The
region changes it's shape under the influence of the transtensiona tectonic
regime in which NE and NW directed faults work together. Approximately N-S
directed Flower Islands Fault is a fault which is located in this tectonic system.
In this study, multibeam sonar (240 Khz — 480 beams), sub-bottom profiler
seismic (3.5 Khz) and magnetometer methods are conducted to determine the
fault with it's geomorphologic features (Fig. 1).

\. Flower Islands Faulf

IZMIR BAY

TURKEY

Fig. 1. Seabed surface fracture of the Flower Islands Fault.

Our reviews show a surface fracture of the fault more than 12km and a vertical
component more than 2m— 3m. Seismological fault analyses are still being
performed for the determination of the fault's other properties.
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Abstract

Wave climate exerts a significant influence on the development of Holocene sedimentary prograding wedges. This is demonstrated by
the fact that near-bed orbital velocities between 0.10 and 0.14 m/s (threshold for resuspension) occur in the vicinity of the infralittoral
prograding wedges (IPW) offlap-breaks during storm-weather conditions, but during medium wave energy conditions in the case of

prodeltaic wedges.
Keywords: Alboran Sea, Continental Shelf, Waves, Sediment Transport

Introduction

Holocene prograding wedges are sigmoidal-shaped sedimentary bodies |ocated
between the infralittoral zone until the mid continental shelf. They are
basically composed both infralittoral and prodeltaic wedges depending if
littoral and fluvio-deltaic processes are dominant. The offlap-break determines
an important physiographic change in the morphology of these
aforementioned wedges and its depth in the infralittoral wedges has been
related with the mean level of the storm wave base ([2],[1]).
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Fig. 1. Near-bed orbital velocity distribution in the study area.

Inner and middle shelf persistenly undergo bed stress exceeding the threshold
of sediment motion. The magnitude and frequency of sediment transport ,
testing its role in the offlap-break point location.events are critical controls on
the intensity of physical reworking ([4]). In this contribution, we aim to
understand the controlling effect of different wave base levels on the
prograding wedges deposits processes and evolution
Methods
Wave-generated near-bed flows are dependent on wave height, H, period, T,
wavelength, L, and water depth, h. Near-bed wave orbital velocities (Up) at
the seabed have been calculated by using the following equation ([3]):
Up=H/ T sinh (2= h/L)
Three energetic wave levels have been used off the coasts of east-southern
Iberia (Figure 1), following the classification by Ortega et a. (2004), to
calculate Uy: a) High-energy storm conditions, with H=3.5 m and T=8 s
(Figure 1); b) Medium-energy, for 50th-percentile of the wave height, with
H=1.5 m and T=7s; c) Low-energy fair-weather conditions, with H=0.75 m
and T=4s. Water depth values (h) were collected with a 300 kHz Simrad
EM3000D multibeam echosounder.
Results and discussion
Near-bed orbital velocities can be used to identify wave-driven sediment
transport at a site given representative erosion thresholds. In the study area,
those near-bed orbital velocities range between 0 and 1.33 m/s, with maximum
values occurring over the topsets (Figure 1 and 2). Bottom wave velocity
thresholds for resuspension range between 0.10 and 0.14 m/s, corresponding
to bed shear stresses of 0.1-0.2 N/m? ([5]). The spatial distribution of this
velocity interval correlates with IPW offlap-break location during highest
stormy conditions, and with the offlap-break location of prodeltaic wedges
during medium-energy conditions. This important difference must be due to
the fluvio-deltaic processes dominance in the prograding wedges evolution,
which determined differences on sediment supplies and sediment grain sizes.
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B) Infralittoral prograding wedge.

Conclusion

Wave energetic conditions have control the Holocene sedimentary prograding
wedge morphology and evolution, since they conditioned the offlap-break
positionin time.
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MASS BALANCE OF RADIUM ISOTOPES AND HYDRODYNAMIC MODEL
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Abstract

An integrated approach, combining the directly measured individual radium contributions and hydrodynamic model results, alowed for
the calculation of the mass balance of naturally occurring short-lived Ra isotopes (223224Ra) in the Venice Lagoon. Hydrodynamic
data alows for the calculation of the Ra mass balance in sub-areas of the Venice Lagoon, which are characterized by physically
homogeneous properties, instead of the entire lagoon. Both the seasonal and spatial variability of the submarine groundwater discharge
(SGD) in the Venice Lagoon were investigated. SGD estimates were correlated with the residence time calculation to better

understand spatial and seasonal variation.
Keywords: Circulation Models, Hydrology, Lagoons, Water Transport

Introduction - Methods

Submarine groundwater discharge (SGD) has gained increasing attention, both
from the scientific community and coastal resource managers over the last
decade [1]. Previous investigations showed that SGD plays an important role in
the physical and biological properties of the Venice Lagoon ecosystem [2, 3]. In
this study we extended the investigation of SGD to the whole lagoon, through
the use of Ra measurements and hydrodynamic modelling. The mass balance for
Ra can be expressed by the equation:

Lout + Ldecay = Lin * Lriver * Liff + Lmarsh * Ldesorp * LsaD (1)

which considers the different Ra sources and sinks from the lagoon: water
exchanges at the inlets (Lin, Loy), river discharge (Lyye), desorption from
sediments (L gesorp), diffusion from sediments (L), percolation of porewater
from marshes (Lyggn), @d SGD (Lsgp). Each of these contributions were
calculated by using the experimental data obtained from an extensive field and
lab campaign (APAT research project “ Afflusso di Acque Sotterranee in Laguna
di Venezia’, 2005-2008) and the application of a hydrodynamical model
(SHYFEM)), as described by Ferrarin et a. [4]. The lagoon was divided into 4
sub-basins with similar physical characteristics to better characterize SGD using
the 223.224Ra mass balance and to allow a more precise estimate of the fluxes
from the different sub-basins and through the inlets which connect the lagoon to
the Adriatic Sea. Integrating the results of the hydrodynamic model and the
point measurements of Ra enabled the calculation of the different sources of Ra
for each sub-basin in every season and the volume of the flux associated with
SGD. The Ra mass balance calculation utilizes the hydrodynamic information
and was effective for both 223Ra and 224Ra. In addition, the application of the
hydrodynamic model and a transport model alowed for the calculation of the
residence time in each sub-basin per season.

Results

Surface distribution of 223:224Rq showed significant seasonal variation during
the six surveys, however, in general, the spatial pattern of distribution within
the lagoon was similar with higher activities in the northern and southern sub-
basins. In all seasons activities were elevated in the lagoon as compared to river
and open Adriatic Sea waters. 224Ra activities were much lower, throughout the
lagoon, during the winters of 2007 and 2008 (avg. 43+21 and 55+27 dpm 100
L~ respectively) than during the falls of 2006 and 2007 (avg. 75£52 and 90+33
dpm 100 L~ respectively), the spring of 2007 (avg. 108+41 dpm 100 L 1), and
the summer of 2007 (avg.108+65 dpm 100 L~1). 223Ra activities were lower in
the winters of 2007 and 2008 (avg. 2.8+1.4 and 3.2+1.6 dpm 100 L1
respectively) than in the falls of 2006 and 2007 (avg. 4.9+2.8 and 6.4+3.1 dpm
100 L1 respectively), the spring of 2007 (avg. 6.3+3.3 dom 100 L1) and the
summer of 2007 (avg. 5.4+3.6 dpm 100 L~1). The activities of 223Rain lagoon
waters show a similar pattern. Average 233.224Ra activities for the whole lagoon
in al seasons are 4.8+3.5 and 79.1+43.6 dpm 100 L. The results of the
hydrodynamic model show that the residence time of the lagoon has an average
vaue of 7.7+4.6 days and has a marked seasonal variation. The average and
standard deviation of the water residence times in the four sub-basins are
8.8+3.6 and 4.9+2.8 days for the two northern sub-basins, 8.3+4.8 and 5.9+3.1
for the central sub-basin and southern sub-basin. More than half of the total Ra
entering the lagoon cannot be accounted for by the inputs detailed above and the
significant excess of short-lived Ra observed in the Venice Lagoon can,
reasonably, be attributed to submarine groundwater discharge. The calculated
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total input of groundwater into the Venice Lagoon is 43+25 and 40+17x109 L
d™1 using the223Ra and 224Ra mass balance respectively. Remarkably, both
223Ra and 224Ra suggest that SGD accounts for 6% by volume of all water flux
into the lagoon. Fig. 1 shows the pattern of clear seasondlity in the Venice
Lagoon. The discharge calculated by both short-lived isotopes is lowest in
winter, and higher in spring, summer, and fall. Some divergence occurs between
the isotopes in the spring and summer of 2007 which is likely a function of
residence time. It is possible that the same forces that determine residence time
also drive are-circulation of seawater through the sediment as there is a strong
inverse correlation between residence time calculated using a hydrodynamic
model and SGD as calculated by the Ra mass balance method (R2 values are
0.85 and 0.66 for 223.224Ra respectively.
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Fig. 1. Seasona SGD (223Ra and 224Ra) and residence time (dashed line)
variation in the Venice Lagoon
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LONG-TERM SEDIMENT TEMPERATURE OBSERVATION REVEALSRAPID COOLING AFTER A RECENT
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Abstract

The West Nile Delta Project at IFM-GEOMAR aims to analyze the relationship between deep gas reservoirs and mud vol canoes on
the western Nile deep-sea fan. Long-term monitoring of sediment temperature as an indicator of fluid seepage and mud expulsion at
North Alex mud volcano revealed that infiltration of cold bottom seawater accelerates the cooling of the sediments after an eruption
and points to rapid transitions between extremely active and dormant stages of this mud volcano.

Keywords: Mud Volcanoes, Nile Delta, Temperature, Models

North Alex mud volcano (MV) is located on the upper slope of the western
province of the Nile deep-sea fan at a water depth of around 500 m. It is a
circular structure with a diameter of less than 2 km and an elevation of nearly
50 m above the surrounding seafloor at its highest point. The central plateau is
characterized by gentle slopes towards a steep edge of about 40 m height,
which separates the central mud pie from a surrounding moat. Based on a
geophysical mapping campaign, North Alex MV was described as a deep-
rooted active gas chimney that may have triggered slope destabilization
associated with significant northward sediment flows and slumps, following
the local slope gradient [1]. Further investigations in 2003 showed a moderate
sediment temperature anomaly of around 0.8 °C/m and sporadic gas ebullition
at the center [2], indicative of aminor level of activity.

More recently, North Alex MV has been the focus of the West Nile Delta
Project at IFM-GEOMAR, aiming to study the relationship between deep gas
reservoirs and mud volcanoes on the Nile deep-sea fan. A first detailed
assessment of the sediment temperatures in the mud volcano during the P362-
2 cruise of R/V Poseidon in February 2008 reveded extremely high
temperatures of up to more than 70 °C at around 6 m below the seafloor
(mbsf) at the center, corresponding to temperature gradients of more than 10 °
C/m [3]. The focus of the temperature anomaly was found at the highest point
and the temperature gradients decreased rapidly towards the flanks of the mud
volcano, such that the temperature gradient generally correlated with the
morphology. Particularly in the centra area, however, the sediment
temperature distribution was heterogeneous, which suggested a very recent
eruption.

A second assessment of the sediment temperatures at North Alex MV was
conducted during the 64PE298 cruise of R/V Pelagia in November 2008 [4].
While the sediment temperatures at the center had remained as high as 9
months before, the outer parts of the plateau had cooled significantly and the
lateral extent of the main temperature anomaly had decreased by around 50
percent. Using an ROV, numerous gas seeps were observed in the central area
of the mud volcano, where a very rough morphology of the seabed with fresh
cracks and superficial faults pointed to recent mud eruptions. During the same
cruise, an uncabled seafloor observatory was installed close to the center of
North Alex MV. Bottom water temperature and pressure, temperature at the
seabed, and sediment temperature down to a depth of 5 mbsf is recorded at an
interval of 30 minutesin order to monitor the activity of the mud volcano.

The first data from the observatory was obtained via an acoustic link to the
R/V Poseidon during the P388 cruise in July 2009 [5]. Unfortunately, due to a
malfunction in the modem software, the time series could not be downloaded
completely. However, the currently available sediment temperature data
documents clearly that the temperature of the sediments decreased more
rapidly than by simple conductive cooling in contact with the relatively cold
bottom seawater. The most likely explanation for the accelerated cooling is the
infiltration of seawater into the mud volcano sediments. This hypothesis is
supported by several concave-upward shaped sediment temperature profiles
measured on the centra plateau, which aso indicate downward flow of
porewater. In addition, the time series revealed small temperature fluctuations
over time scales of several days to months, suggesting that intermittent pulses
of rapid fluid expulsion interrupt the general cooling trend.
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Abstract

In order to study water geochemistry, digenetic changes within the sediment and processes at the water/sediment interface, levels of
trace elements (As, Ba, Co, Cr, Fe, Li, Mn, Mo, Ni, Rb, Sb, Sr, Ti, U and V) in sea water and sediment pore water from the Novigrad

sea area were investigated.
Keywords: Adriatic Sea, Geochemistry, Sediments

Introduction

The Novigrad sea is a small, semi-closed bay located in the central part of the
eastern Adriatic coast, about 20 km from Zadar (Figure 1). It is connected to the
Adriatic sea in the northwest by Velebit channel and the Karin sea in the
southeast. Sedimentation processes in the Novigrad sea are dominantly
influenced by small karstic river Zrmanja, which discharges in its eastern part,
forming highly stratified estuary [1]. Smaller streams like Bascica, Draga and
Slapaca, as well as water inflow from Karin sea have less pronounced but still
important influence on the sedimentation in this basin. The aim of this study
was to investigate geochemistry of sea water and sediment of the area and
establish possible natural and anthropogenic influences on the trace element
levels.
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Fig. 1. The map of investigated Novigrad sea area.

Sampling and methods

Samples were taken at four locations, including Novigrad sea, Karin sea and
Velebit channel (Figure 1). The sea water was sampled from the surface and
bottom layers, whereas pore waters were extracted by centrifugation from
sediment cores previously cut into subsamples at 2 cm intervals. Immediately
after sampling Eh and pH were measured in sediments, at the same locations.
Concentrations of trace elements in sea water and pore water were measured by
high resolution inductively coupled plasma mass spectrometry (HR ICP-MS).

Results

The Eh values in the cores became negative amost immediately bellow the
sediment-water interface, while the pH values exhibited small variations along
the profile. The measured Eh values imply anoxic conditions starting already
from the sediment surface. Comparing to the sea water, the pore waters were
found to be generally enriched in trace elements. The redox-sensitive elements,
Fe and Mn, generally follow the Eh distribution pattern. Co is often associated
with Mn oxides which could explain their similar depth profiles (Figure 2). The
concentrations of Ba, Mo, Sr and Rb were variable in the upper 8 cm, whereas
As, Cr, Li, Ni, Ti, U and V concentrations show variations throughout the
profile in al cores. Concentration levels of al analyzed elements in examined
surface and bottom water samples were in the range of values reported by
Mikac et al. [2] for Krka river estuary and are considered to reflect natural
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levels. Pore water trace element content is believed to reflect mineralogy of
sediments and ongoing diagenetic processes in anoxic environment.
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Fig. 2. Vertical distribution of Mn and Co concentrations in the sediment cores
from sampling stations NM 3, NM8, JM and KM.
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TSUNAMI POTENTIAL IMPACT IN THE LEVANTINE BASIN AT THE ISRAELI COAST BY EARTHQUAKES
AND BY SUBMARINE LANDSLIDES USING VERY HIGH RESOLUTION COASTAL GRIDS
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Abstract

This paper presents detailed quantification of tsunami impact by application of a very high resolution numerical model studying a
number of the worst tsunami feasible scenarios in the eastern Mediterranean and their impact on the Levantine coasts, focusing

particularly on the Isragli coast.
Keywords: Bathymetry, Levantine Basin, Models, Waves

Introduction

The study reported here [1] is the first stage in thepreparation of a data bank of
potential tsunami scenarios for the Isragli coast, which would enable early
tsunami warning upon receipt of tsunami alerts from regional tsunami watch
centers being established under the IOC/UNESCO Intergovernmental
Coordination Group for the Tsunami Early Warning and Mitigation System in
the North-eastern Atlantic, the Mediterranean and Connected Seas
ICG/INEAMTWS) or from local tsunami detection sea level sensors operated
by IOLR. Here we present outcomes of a numerical study of the impact of
tsunami scenarios for a number of the worst potential events in the eastern
Mediterranean's sea, focusing on their impact on the Israeli coast.

Study overview

The simulations were carried out by a state of the art open source numerical
model named GeoClaw. It is based on alarger software package called ClawPack
that is aimed to solve hyperbolic partial differential equations up to 3 space
dimensions, including nonlinear systems of conservation laws. Furthermore, a
special feature of the numerical method is its adaptive mesh refinement (AMR),
which enables the implementation of meshes with a large range of scales,
property that is extremely important when one is interested in solving problems
with amultitude of geometric scales, such as for tsunamis. The adaptation of the
code and other changes were checked against well accepted benchmark runs.
Two mechanisms for tsunami generation were considered: i) submarine
earthquake resulting from the Crete-Helenic arc, and ii) submarine landslides
induced by earthquakes at the Dead Sea Transform. Based on older studies [2],
the worse cases were chosen accordingly. The movement of the undersea terrain
was modeled for the above two mechanisms. Our results were compared with
those of older studies and showed agreement for the large scale features. The
modeling of the sources in the GeoClaw package is in general a description of
the time change of the sea ground. In order to generate these changes, we
reconstructed models that describe both earthquakes and landslides.
Schematically, the model for the earthquake is taken as a trandation of certain
quadrilateral region (the moving region) in alinear way. For landslides, a volume
in a genera form of haf elliptic paraboloid is sliding on given chosen track and
velocity profile (depends on time).  Significant progress has been made by
implementing high resolution digital bathymetric and topographic data. The
nearshore (shallower than 500m) bathymetry and the topographic dataat the
coast and river estuaries are on agrid of about 5m cell size.

Results

Maps for maximum inundation, maximum set down, maximum wave height and
various time snapshots are produced. The maps for inundation and set down
were generated by supplementary Matlab codes which were developed by the
first author. Because the solution is found on an adaptive grid (that is aso time
dependent), one has to interpolate it on a uniform grid for the various snapshots
in order to create maximum or minimum maps. For the maximum wave height
we introduced for the GeoClaw package a list of sea level gauges located at the
lines of zero sealevel. From the raw output of arun, we filter out time intervals
where the grid is coarse and the information is inaccurate. Next step is to write
the maximum of the waves for each gauge point. Example of an inundation
map at Haifa bay coast is shown in Fig.1 for the case of an 8.3 earthquake off
the eastside of Crete.
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EQ-Crete-1: Mazimum inundation Map
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Longitude

Fig. 1. Example of amaximum inundation map at the Haifa Bay induced by a 8.3
magnitude earthquake off SE Crete.

In order to understand the generation, evolution and dispersion of the tsunami
waves, animations were produced. They enable observing complex wave
refraction, wave reflection and wave-wave interactions, and the corresponding
forcing on the nearshore and coastal structures, cliff, beach erosion, etc.

The presentation will show results of computed flow velocities, flow flux and
momentum at various positions and times, where structures such as
breakwaters, coastal cliff and other structures are located, as well as the extreme
forces assessed for these locations.
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Abstract

Redox sensitive metals enrichment has been used for the reconstruction of deep water ventilation in the Eastern Mediterranean. We
compare fixation of Mo and U on the Black Sea, the present day largest anoxic basin, and sapropels from different periods to
elucidate formation conditions based on the recent analogues. Most sapropels present preferentiadl Mo enrichment, attributed to
different degrees of water column anoxia and primary productivity. Some layers present Mo:U ratio similar to present day seawater,
suggesting anoxic bottom water and constant turnover. Basin stagnation comparable to the Black Sea is only punctually observed in

the Mediterranean for the most intense sapropel events.
Keywords: Anoxia, Black Sea, Sapropel

Redox conditions of the water column and circulation in the Eastern
Mediterranean during sapropel formation has been extensively discussed [e.g., 1,
2, 3], yet stagnation is still under debate [1, 2]. Using ICP-M S geochemical data,
we compare the behaviour redox sensitive elements on Mediterrranean
sapropels spanning from 2Ma to recent, from 4 ODP sites, and sediments from
acores in the Black Sea and data from [4]. The co-variation between Mo and U
in the sediment depends on sea water chemistry, water column circulation, and
shuttle transport adsorbed to organic matter, [4]. The rate of turnover and
different fixation process for Mo and U must also have an effect.
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Fig. 1. Mo:U variations (in Enrichment Factors) for Black Sea (a) and Eastern
Mediterranean (b-€) sediments. Sea water line marks average Mo:U ratio on sea
water (7,8 aprox.). Shading on 1-a distinguish platform (solid grey) and basin
(stripes) sediments. Data from the deep basin are from [4].

Black Sea sediments show two trends (Fig.1-a): Samples from the platform
(grey shading) are either slightly enriched only in U or following the trend of ses
water Mo:U. Fixation of U begins earlier than Mo, and occurs by diffusion into
the sediment, whereas Mo can be scavenged from the water column. These
evidences indicate a variable chemocline and a constant input of both elements
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so that none is depleted in the waters. Recent sediments from the deep basin
(stripes) follow the same sea water trend, whereas the last sapropel shows
relatively constant Mo concentration and progressive U enrichment. This was
interpreted [4] as the result of stable stagnant condition that depleted Mo from
the upper water layers. A similar representation on Mediterranean sapropels
samples shows similar trends. A cloud of background sediments are dlightly
enriched in U under sub-oxic conditions. Only when the redoxcline shifts
upwards into the water column Mo starts to be fixed. Where deepwater
circulation alows U and Mo input, a steady state is reached and Mo:U runs
parallel to the seawater line. Thisis the case for S1 at sites 964 and 967 (Fig.1-b
and 1-d) and Pleistocene sapropels at 966 (Fig 1-€). Most Plio- Pleistocene
levels are preferentially enriched in Mo on sites 964 and 969, which may imply
restricted bottom water circulation and thus limited U fixation. However,
intermediate water circulation and Atlantic input was not restricted so Mo was
continuously scavenged from the anoxic water column, favoured by organic
matter shuttle, [4]. A situation similar to the Black Sea sapropel, with a stable
shallow chemocline and long term stagnation, is only inferred locally for S5 and
S7 at sites 969 and 964 (Fig. 1-b and 1-c, discontinuous black line).
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Abstract

An integrated study is presented on the lower Messinian, pre-/syn-evaporitic Legnagnone section, located in the Northern Apennine.
The study of ostracodes, foraminifers, benthonic macrofossils and pollen associations, together with magnetostratigraphic and
foraminifera biostratigraphic data, allow reconstructing a chronostratigraphic framed palecenvironmental evolution during the
uppermost phase leading to the Messinian salinity crisis and an high resolution stratigraphy of the pre-/syn-evaporitic transition.

Keywords: Messinian, Paleoceanography, Stratigraphy, Evaporites

An integrated approach to the study of the pre-evaporitic sediments in the
Mediterranean basin [1] permitted to define a precise time frame of the
evolutionary steps towards the MSC (Messinian sdlinity crisis).
Unfortunately, these studies are often carried out in sections lacking primary
gypsum (PLG [2]); conversely, they record the deposition of clastic
evaporites, both sulphates and carbonates (RLG and Calcare di Base, [2]).
Due to these problematic, comprehensive palaeoceanographic reconstructions
of the evolution towards the MSC are related to different geological settings.
An integrated study of the Legnagnone section (Northern Apennines) was
carried out to reconstruct the chronology and palaeoenvironmental evolution
of the latest pre-evaporitic events preceding the MSC onset in amarginal area.
The Legnagnone section is located in the Northern Apennines chain. It rests
unconformably on Miocene calcarenites and it shows a fining upward trend
from deltaic conglomerates and sandstones to marls with limestone
intercalations. At the top of the prevalently marly portion of the section, two
limestone/organic-rich shale couplets are present just below the first gypsum
bed that is up to 10 m thick. Based on facies and stacking pattern
characteristics of PLG evaporites in the western Mediterranean [3], the two
basa cycles are here missing. Thus the first loca gypsum bed can be
correlated with the third PLG cycle. Biomagnetostratigraphic data alow to
correlate the Legnagnone section with the Molinos-Perales section [4] and
thus with astronomical curves. The presence of two Turborotalita multiloba
influxes, an influx of Globorotalia scitula, several influxes of planktonic
foraminifera, the cailing ratio of Neogloboquadrinids, and the Gilbert chron
base indicate that the Legnagnone section is comprised between ca. 6.15 Ma
and 5.9 Ma.

On the basis of benthonic macrofossils, foraminifers and ostracods, three
distinct intervals can be recognised, depicting a palacoenvironmental evolution
from infralittoral well-oxygenated domain (up to ca 6.13 Ma) to upper
circalittoral-upper bathyal settings (from 6.13 to 6.03 Ma) and back again to
infralittoral depths (from 6.03 Ma up to the MSC onset), both characterized
by dysoxic bottom water.

The high percentage of reworked palynomorphs, especially dinocysts, makes
unreliable the climatic value of palynological data from the base (54 m) up to
35 m (ca 6.13 Ma). On the contrary the quite rich pollen assemblages in the
upper part of the section, dominated by arboreal taxa (Taxodium type,
Engelhardia, Quercus, Ulmus, Juglans), testify for a prevalent humid and
warm climate.

Concluding, the proposed age of 5.96 Ma [5] for the onset of the MSC is
marked by the disappearance of benthonic foraminifers and ostracods,
preceded by the disappearance of planktonic foraminifers. However, data
indicate that the deposition of sulphates is here delayed of at least two cycles.
The lack of severa gypsum cycles, replaced by laminated limestone, at the
base of PLG deposits is a common features observed also at Sorbas basin and
in Piedmont [6] casting a new light on the onset of the MSC.
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Abstract

Previous studies from the Gallipoli shelf area indicate continuous sedimentation and high accumulation rates with low disturbance
from bioturbation ([1]) permitti n%high resolution paleoclimate investigations. In this study major and trace elemental composition bulk

organic Carbon and Nitrogen, &

C and 315N from a multi core (NU04MC) from the Gallipoli shelf is presented. These data is used

for a paleoclimate reconstruction using results from 47 surface sediments from the area (Gulf of Taranto and SW Adriatic).

Preliminary results indicate a strong anthropogenic influence in the last 100 years.
Keywords: Geochemistry, Eastern Mediterranean, Global Change, Paleoceanography

To improve our understanding of causes and consequence of climate and
environmental change on decadal to millennial time scales more comprehension
is needed on the underlying processes. The Mediterranean lies between low
and mid-latitudes and is influenced by both the monsoonal and NAO climate
systems making it a key area for paleoclimatic investigations. Continuous,
high resolution sedimentary paleo climatic archives permit us to study in
sufficient resolution the required time scale. Previous studies from the
Gallipoli shelf area (39N46;17E54) indicate continuous sedimentation and
high accumulation rates with low disturbance from bioturbation (e.g[1])
permitting  high  resolution  investigations.  Carbonate  contents,
thermolumuniscense, oxygen and carbonate isotopes ([2]) and sea surface
temperatures ([3]) al display compositional cycles at frequencies known from
solar cycles. The origin and processes related to these variations, however,
remain unclear. Therefore, a study is presented here in which recent surface
sediments elemental composition from the area are compared and calibrated
with recent environmental factors. These results can then be used for a
paleoclimatic reconstruction of the last few hundred years using multicore
NU-04-MC . For this study the first centimeter of 47 multicores has been
sampled (Fig 1.)The multicores are from the area and recovered during the
Cappuccino cruise ([4]). These samples have previously been anaysed for
their foraminiferal isotope composition and Dinoflagellates ([5]). In addition,
these samples were analyzed for their total inorganic geochemistry using total
destruction and ICP-OES. These data and Bulk organic carbon have been
correlated with local environmental variables such as Primary Productivity,
Temperature, Oxygen levels and Salinity. Preliminary results show a
decreasing trend along the surface sediment transect (Fig 1.) for some elements
(e.g. Ba/Al, Cr/Al) indicating them as an indirect proxy for the amount of
Adriatic Surface water. Furthermore correlations were found within a range of
cores between oxygen penetration levels and redox elements. Bulk organic
Carbon and Nitrogen content showed correlations with satellite-derived
chlorophyll-a concentrations in different seasons. Furthermore a multicore
was retrieved from the area (NUO4-MC) which contains finely laminated
sediments. Preliminary dating resulted in an estimated age of 400 years for the
380mm core depth. Every 2.5 mm was sampled and analyzed. Correlations
found for the surface sediments are used to explain the variability within the
core. First results of the core NU-04-MC show increasing trends of some
elements know as anthropogenic indicators together with an increase in Ba/Al
ratios (Fig 2.) from a depth of 100 mm towards the recent. Increased Ba/Al
ratio’s can be indicative for an increase of primary productivity but could also
indicate a different source for clay minerals [6]). The timing of theincreasein a
variety of elements including Ba, however, suggests an anthropogenic origin.
This work is supported by the EUROCORES/EUROMARC Program of the
European Science Foundation (NWO.817.01.002 MOCCHA project).

References

1 - Cini Castagnoali, G. ;Bonino, G.;Taricco, C. and Bernasconi,S.M.,2002

2 - Cini Castagnoli, G.; Bernasconi, SM.; Bonino, G.;Della Monica, P. and
Taricco,C,1996. Adv.Space Res. Val. 24, No.2, pp 233-236

3 - Versteegh, GJM.; de Leeuw,JW.;Taricco,C and Romero,A.,2007.
Geochem.,Geophys. and Geosys. Vol.8,No 9

4 - Zonneveld, K. and cruise participants,2006.Berichte, Fachbereich
Geowissenschaften, Universitét Bremen, No. 268, 61 pages. Bremen, 2008

5 - Zonneveld,K.A.F.; Chen,L.; Md&bios,J. and Mahmoud,M.S,in press. J.of
Sea Res

6 - RetzA., Pfeifer, K., De LangeG.J, and KLUMP,J.,2004. Mar.
Geol.Vol.204, 289-300.

30

Rapp. Comm. int. Mer Médit., 39, 2010


http://www.tcpdf.org

A UNIFYING BIOGEOCHEMICAL MECHANISM FOR SHALLOW GYPSUM VS. DEEP DOLOMITE
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Abstract

The Messinian Sdinity Crisis (MSC) is an event ~ 5.9 Ma ago that resulted in deposition of 0.3-3 km thick evaporites at the
Mediterranean seafloor (1-3). Controversy existed on the formation mode,but recently a consensus was reached on several aspects
(3).The latter has aso clarified remaining issues, such as for the observed shallow gypsum versus deep dolostone deposits (3-5).A
recently proposed scenario for the Lower Gypsum units of the MSC infers that primary gypsum only formed in silled marginal basins
while dolostones are found at deeper settings. We agree but reject the suggested coincidental presence of similar sills for al marginal
basins. Alternatively, we present here a unifying mechanism in which gypsum formation occurs at al shallow water depths but its

preservation is mostly limited to shallow sedimentary settings.
Keywords: Messinian, Evaporites

The onset of the Messinian Salinity Crisis is marked by the deposition of
gypsum-sapropel aternations (Lower Gypsum unit). Increasing evidence has
recently been put forward to show that this gypsum precipitation only
occurred at marginal settings, while non-evaporitic rocks have been reported
from deeper settings (5-7). The difference in sedimentary environment
between margina and deep Mediterranean settings is only tentatively
explained by physica properties like tectonic restriction and/or sea level
lowering, for which there is no solid evidence. The chemical processes of
gypsum formation during the Messinian salinity crisis, however, are poorly
understood and commonly neglected. These may, however, explain that
different MSC deposits formed in shallow versus deep environments without
the necessity of exceptional physical boundary conditions.  For this we have
to consider the following processes that are important:

a Water column dgtratification due to continuing (but episodic?) inflow of
oceanic water and enhanced evaporation thus enhanced salinity of
Mediterranean water

b. Organic Matter (OM) debris fluxes settling into the deep waters and being
decomposed through oxygen and sulphate

c. Gypsum precipitation is controlled by the product of Ca2* and SO,%
concentrations

Gypsum precipitation in evaporating seawater takes place at 3-7 times
concentrated seawater (8 and refs therein); seawater is aways largely
oversaturated relative to dolomite but its formation is thought to be inhibited
by the presence of dissolved sulphate (9). Thus the conditions for formation
of gypsum exclude those for the formation of dolomite and vice versa
Another process that links the saturation states of gypsum and dolomite is
that of OM degradation by sulphate reduction. In stagnant deep water oxygen
is rapidly depleted through OM degradation, then sulphate becomes the main
oxidant for OM minerdlization, thus reducing the deep-water sulphate
content. In the latter process also considerable amounts of dissolved carbonate
are formed. Implicitly this means that |ow-sulphate conditions (as anticipated
for the MSC deep waters), i.e. unfavorable conditions for gypsum formation,
aways coincide with anoxic, i.e. oxygen-free conditions, athough there is no
direct relationship between the two. the Messinian Mediterranean would have
been characterized by a reasonably well-mixed upper water mass (‘shallow
waters’), and a strongly stratified lower ‘deep-water mass'. The MSC
stratification with deep concentrated brines, is very stable, and can only be
replaced by an even higher sdinity water mass. As a result, continued
evaporation and water replacement leads to (episodically) enhanced Ca and
SO4 concentrations in the shallow waters, thus potentially to gypsum
precipitation. Decreasing sulphate and concomitantly increasing dissolved
carbonate in the deep waters limit gypsum preservation and permit dolomite
formation to occur. Ultimately, it is the balance between OM-fluxes (primary
productivity) and sulphate supply to the deep-water (ventilation, settling
gypsum fluxes) that determine the environmental deep-water conditions, thus
formation rate of dolomite. On the basis of this unifying mechanism, we have
shown that gypsum precipitation in shallow water depths and dolomite
formation in deep water settings during the early phase of the MSC in the
Mediterranean is not incompatible. As a consequence one would expect a bath
tub rim of gypsum at all shallow depths but gyupsum appears mainly at silled
marginal basins. However, a thick package of heavy gypsum on top of more
liquid mud in a marginal/slope setting is highly unstable, thus any physical
disturbance such as tectonic activity or sealevel change, would easily lead to
downslope transport of such marginal gypsum deposits. The absence of
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gypsum and the presence of erosional unconformities at the sill-less
Mediterranean passive margins concord to such remova mechanism. In
addition, large-scale resedimentation of gypsum has also been found for deep
Messinian settings in the Northern Apennines and Sicily. Only at those
margina settings that were silled, the marginal gypsum deposits have been
preserved (3-7,10).
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Abstract

A new poster, based upon high resolution multibeam sonar surveys, shows the bathymetry of the [zmir Gulf basin. The image reveals
in detail many features of the offshore. The shallow seismic investigations was done on the same profile of bathymetry and interpreted

at advance geophysics processing and G.I.S programs.
Keywords: Bathymetry, Aegean Sea, Seismics, Swath Mapping, Gis

Material and Methods

The bathymetry of Izmir Gulf off western Turkey [1] is shown in this poster
at 1:50,000 scale on the Universal Transverse Mercator (UTM) Projection
(Zone 35), with WGS-84 datum. Water depths change from about 1m to over
60m in the Izmir Gulf. The survey was carried out between on June 2009 and
April 2010 by the vessels R/V K.Piri Reis and Dokuz Eylul-1 using an
ODOM ES3 multibeam echo sounder. The ES3 has 480 beams operating at
240 kHz spread over an arc of up to 150° total coverage, giving maximum
swath coverage of up to 3 times of the water depth. Besides, seismic data
collected by Triton SB-Logger and Strata Box Marine Geophysical
Instrument. The study area approximately 380 km? and in this area the survey
involved some 685,218 km of track.

Results

a) We produce high quality and standardized database of the seafloor in the
Izmir Gulf, organized in the Marine G.1.S. b) This cartography will help at all
sectors with interests in this area and allow to have an element of great help
for the integral management of the coastal area and continental shelf and show
the variety of the relief, the superficial geology [2], different types of
sediments, and sedimentary bedforms generated, etc..
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Abstract

This study aims to introduce mechanisms of sediment supply and processes and to investigate their effects on the formation of
ecosystem and habitat, based on the grain size distribution of recent deposits of Homa Lagoon. According to the grain size distribution
analyses, Homa Lagoon shows the typical characteristics of the following environments from the land to the sea. Samples of Homs
lagoon pond show typical characteristics of lagoon pond deposits which are rich in coarse to medium-sized silt with negative skewness
and imply that the lagoon was lack of effects of high-energy waves, storms and terrestrial sediment supply. It is concluded in this
study that the Homa Lagoon has recently been supplied by low-energy fluids from the land and wave effect was very slow and low in

sediment distribution.
Keywords: Sediments, Sediment Transport, Lagoons

Homa Lagoon covers an area of 1852 ha and is located in |zmir Bay, 40 km to
the northwest of Izmir and 500 m to the south of 1zmir Bird Paradise. More
than 200 bird species live in the lagoon where fishery is one of the important
occupations of local population. Birds and fishes use the lagoon for feeding,
habitat, reproduction and maturation.

This study aims to introduce mechanisms of sediment supply and processes
and to investigate their effects on the formation of ecosystem and habitat,
based on the grain size distribution of recent deposits of Homa Lagoon.In
order to accomplish this aim, Homa Lagoon is divided into three transverse
and seven longitudina sampling stations. Samples are 24 cm in thickness and
were collected by Gravity Corer. According to the grain size distribution
analyses, Homa Lagoon shows the typical characteristics of the following
environments from the land to the sea:Marsh, landward lagoon beach, seaward
lagoon beach, lagoon pond, sand barrier (dune) and shoal (back and front)
(Reineck & Singh, 1980; Reineck, 1971).

That the coast and the sand barrier are rich in fine sand grains and include fine
silt shows that wave effect is poor. Seaward lagoon beaches and poorly
developed landward lagoon beaches are represented by medium to well sorted,
fine sand with approximately symmetric skewness degree and reflect low
wave effect. Samples of Homa lagoon pond show typical characteristics of
lagoon pond deposits which are rich in coarse to medium-sized silt with
negative skewness and imply that the lagoon was lack of effects of high-
energy waves, storms and terrestrial sediment supply(Visher, 1969). It is
concluded in this study that the Homa Lagoon has recently been supplied by
low-energy fluids from the land and wave effect was very slow and low in
sediment distribution. These conditions would be expected not to have sudden
and disturbing impacts on habitat and ecosystem.
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THE LEVANTINE INTERMEDIATE WATER IN THE WESTERNMOST MEDITERRANEAN DURING THE
LAST 20KY CAL BP: GEOCHEMICAL PROFILES OF MANGANESE AND REDOX CONDITIONS.
Francisco Jose Jimenez-Espejo 1*, Francisca Martinez-Ruiz 2, David Gallego-Torres 3 and Tatsuhiko Sakamoto 1
1 |Institute of Biogeosciences, JAMSTEC, Y okosuka, Japan. - fjjspejo@ugr.es
2 |nstituto Andaluz de Ciencias de la Tierra (CSIC-UGR), Granada, Spain.

3 Faculty of Geosciences, University of Utrecht, Netherlands

Abstract

The Mediterranean thermohaline circulation plays a major role in the transference of energy between climate and ecosystems. The
Levantine Intermediate Water (LIW) is a distinctive water mass that occupies intermediate layers in the entire Mediterranean Sea.
Redox sensitive elements can be used in order to reconstruct the physic-chemica changes and the evolution of the LIW during the
last glacial peridod. Different paleoceanographical proxies have been studied in three cores from the Alboran Sea and the Mn/Al ratic
has been selected to reconstruct redox oscillations associated with redoxcline variations.

Keywords: Alboran Sea, Inter mediate Waters, Paleoceanography, Redox

Introduction

The LIW is formed during winter in the Levantine basin and spreads to the
entire Mediterranean until reaching the Alboran basin and the Gibratar Strait.
The LIW is essential to the Mediterranean thermohaline circulation and is the
main contributor to the Mediterranean outflow (MOW), which has been
associated to the recovery of the Atlantic thermohaline circulation and the
subsequent end of the past glacial conditions[1].

Main text

Three cores have been analyzed that were recovered at different water depthsin
the Alboran slope: core TTR-300G (36° 21,532 N,1° 47,507 W 1860 mbsl),
TTR-302G (36° 01,906 N, 1° 57,317 W at 1989 mbsl) and TTR-304G (36°
19,873 N,1° 31,631 W at 2382 mbsdl). The studied time interval spans the last 20
ky cal BP.

Gibraltar
Strait

South

/ Iberia

Fig. 1. Bathymetric map of the western Mediterranean showing the location of
the studied cores, TTR-300G, TTR-302G and TTR-304G. Arrows represent
the main oceanographic currents Levantine Intermediate Water (LIW) and
Western Mediterranean Deep Water (WMDW)

The Mn/Al ratio profiles support that that this ratio is highly sensitive to
paleoceanographical changes associated to different climate/oceanographic
events as the Y ounger Dryas, the S1 sapropel deposition and the cold event 8.2
(Fig. 2). It is worth mentioning the obtained Mn/Al ratio obtained in the TTR-
320G, that clearly records the changes occurred in the easten Mediterranean, as
the end of the Sla and Slb sapropel deposition (Fig. 2). This location is
therefore of key importance for the reconstruction of the physic-chemical
conditions of the LIW when reaching the westernmost Mediterranean. When
comparing the analyzed records, the Mn/Al enrichment pesks are not
time coincident, especially during certain events such as the Last Glacia
Maximum and the Heinrich event 1 (HEL) (Rectanglesin Fig.2).
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Fig. 2. Mn/Al ratio vs. age plots show profiles from the sallowest to the deepest
sites: TTR-300G TTR-302G and TTR-304G. Grey vertica bars indicate
Heinrich 1 event (H1), Y ounger Dryas (YD) and sapropel S1 (Slaand S1b) time
intervals. Grey rectangles indicate discussed Mn/Al peaks.

Mn enrichment disparity is especialy relevant because it is not observed in
others geochemical profiles as as the Ba/Al ratio or the detrital record linked to
the Mg/Al ratio [2]. In addition, the Mn/Al peaks are not coincident with the
major climatic changes occurred in this region. Instead, the Mn content in these
sediments mainly reflects redox conditions in bottom waters, and maximum Mn
fluxes have been recognized when changes in bottom waters redox conditions
occurred [3]. The most plausible explanation for the described Mn/Al
enrichments is the presence of aredoxcline at the studied depths. The redoxcline
could have beeen originated in relation to the boundary between the LIW and the
WMDW water masses. Our data suggest a redoxcline deepening during the H1,
as occurred with the base of the MOW in the Gulf of Cadiz at the same period.
During the Last deglaciation and YD the Mn/Al enrichment peaks are no
recorded, probably due to major changes in the water column in the WMS that
allowed the formation of the Last Organic Rich Layer [3]. During the Middle
and L ate Holocene newly Mn/Al enrichement peaks are observed, after the ORL
deposition, probably linked with WMDW variations associates to Bond cycles.
Acknowledgments:  Projects CGL2009-07603,CTM 2009-07715,CSD2006-
00041(MICINN); 200800050084447 (MARM), Project RNM 05212, Research
Group 0179 (Junta de Andalucia)and Training-Through-Research Programme.
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Abstract

This study, for the first time, examines the transport of sediments, their longitudinal distribution pattern, and their role in disposal of
metals in river-dominated deltaic depositional system of the Neretva River and its adjacent coastal region. The results have shown that
longitudinal distribution of metals in sediments follows the deposition pattern of the river-borne clayey minera particles. The highest
concentration of metals was found in the semi-enclosed area of the Neretva Channel. This region is characterized by deposition of
fine-grained particles and prevalent accumulation of metals. This study exemplifies the role of Fe oxide and oxyhydroxide coatings on
the clay mineral surfaces as a magjor factor in the adsorption and deposition pathways of trace elements.

Keywords: Adriatic Sea, Sediments, Trace Elements

Study Area

The Neretva River is the largest river on the Croatian part of the eastern
Adriatic coast, and the only one forming a deltaic system. The length of theriver
is 240 km with the catchment area of about 10,100 km? [1]. Most of the
sediment load carried by the river originates from the mountain region in the
upper part of drainage area. At the river mouth, Neretva discharges its water
into a semi-enclosed narrow bay called the Neretva Channel.

Materials and Methods

The field surveys in the Neretva delta and its adjacent coastal region were
conducted in May and October 2009. Sediment cores up to 50 cm long were
retrieved using Uwitec gravity corer at locations marked in Figure 1. The
sediments were anaysed in order to determine mineral composition, grain size
distribution, SSA, CEC, and the concentration of trace elements.

Fig. 1. The Neretva River delta system showing the sampling stations.

Results and Discussion

The Neretva River and its mouth provide a good example of the biogeochemical
land-sea interactions occurring in a microtidal, low-wave energy, and river-
dominated deltaic environment of the eastern Adriatic coast. As a result of a
simple sedimentation dynamic, the distribution pattern of trace elements can be
easily determined. According to Shepard's classification scheme [2] and the
ratios of different grain size fractions, obtained by granulometric analyses, the
surface sediments along the investigated area, were classified as sandy silts and
silty sands with variable content of clay ranging from 1 to 12 %. All sediments
were composed of quartz, cacite, dolomite, clay minerals, and feldspar and
plagioclase. A significant difference in distribution of clay minerals was found.
Their share is significantly higher in the adjacent coastal area, especialy at the
sampling station N1. The concentrations of metals showed a prevalent
accumulation in the fine-grained, clayey fraction. Numerous studies have shown
that clay mineras are important vehicles of transport of trace metals [3, 4].
They are involved in simultaneous and complex physico-chemical interactions
with metal ions, organics, and iron and manganese oxides and oxyhydroxides.
The latter, in the form of surface coatings, have significant impact on the
adsorption, transport and deposition of metals. Figure 2 shows good correlation
between content of Fe and the concentrations of Pb, Cu, Ni, and Co, in surface
sediments. Accordingly, the distribution pathways of these metals are mainly
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governed by their direct binding on clayey particulate surfaces and/or on co-
precipitated inorganic coatings.
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Fig. 2. Concentrations of trace metals (M) vs. Fe content in the surface
sediments of the Neretva Channel (N1) and the Neretva River (N2-N7).
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Abstract

An impressive SGD in Kalogria Bay (SW Peloponnissos) was surveyed for the first time in 2006, revealing the existence of 2 major
and 2 minor point sources of freshwater (salinity ~1-2); the discharge was ~1000 m3 hL. The major point source was located inside
karstic cavity a 25 m depth. In July 2009, the site was revisited and divers reported that only the largest point source was active,
whereas the roof of the cave had collapsed. The underwater discharge was not very strong, the water was flowing from many
dispersed points, and salinity range was 20-36. Following visits will show if the SGD has turned to a diffused type and if changes in
salinity are permanent, thus hampering the possibilities of water exploitation.

Keywords: Geomorphology, Hydrology, Coastal Processes, Salinity, Eastern Mediterranean

Introduction

Knowledge concerning submarine groundwater discharges (SGDs) has existed
for many centuries [1]. However, SGDs were neglected scientifically for many
years because of the difficulty in assessment and the perception that the
process was unimportant [2]. Within the last two decades, that notion has
changed, and now there is growing agreement that groundwater inputs can be
chemically and ecological important to coastal waters [2]. Here we present new
data regarding a large karstic freshwater SGD situated in Kalogria Bay, near
Stoupa town, in SW Peloponnissos (Fig. 1). We focus on the geomorphological
changes that were observed between 2006 and 2009, which may have
consequences on the salinity of the discharged water.
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Fig. 1. Study area location map

Materials and Methods

The site was first visited in November and December 2006. During the latter
visit, amultifaceted operation with divers, a remote operated vehicle, a portable
CTD, and other equipment was implemented, which provided ample samples,
videos, and other data from the site. Another visit was conducted in February
2008, and then in July, September, and October 2009. During 2009, apart from
sampling with divers, alander equipped with conductivity, temperature, current
velocity, and g-ray spectrometer sensors was deployed permanently.

Results and Discussion

In 2006, the entire submarine spring feature formed an ellipsis with dimensions
approximately 60 m x 40 m. Two maor point sources discharged from
Pleistocene conglomerates; the strongest, in terms of discharge, underwater
spring emanated from the bottom (diameter ~2 m) of a cave, at 25 m depth.
Salinity was ~1-2. Two minor SGDs discharged from the sandy seabed. Using
222Rn measurements [3], the discharge was estimated at ~1000 m3 hl at the
second point source (water depth ~26 m). This morphology was maintained
unaltered between 11-2006 and 2-2008. In July 2009, the underwater
morphology appeared completely changed, as the roof of the cave, where the
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strongest SGD emanated, had collapsed almost entirely. The second SGD was
completely filled with sand, and similarly, as the two smaller ones, they were
inactive. The behavior of the major point source was aso different, because the
water was not any more concentrated as a single jet flowing from the bottom of
the cave towards the surface, but it was scattered and emanated under rocks,
from little cracks, and was generally rather diffused. Salinity measured in various
spots was high (20-36). Elevated salinity can be attributed to the altered
morphology of the submarine spring and particularly to the much more diffused
character of the flow. However, it should not be disregarded that all
measurements conducted in 2009 reflect summer and early autumn conditions,
where rainfalls are practically absent in this territory, and therefore freshwater
supply from the land should be at the lowest levels. In this perspective, the
entire SGD represents minimum freshwater outflow allowing faster mixing with
the seawater and brackish character of the outflowing water.

Measured flow velocity was on average 0.25 m s1, which corresponds to 900
m3 hl if we assume that all small discharges cover asurface of just 1 m2. Thisis
avery conservative assumption, and the discharge can be many times higher. A
possible explanation for the collapse of the conglomerates could be related to the
extremely high rainfall that occurred during the winter and spring of 2009.
Residents of Kalogria stated that during March 2009, after an intense rainfall,
the SGD was ‘boiling’ at the sea surface, other smaller SGDs in the bay were
aso very active, and the sea was colored red. The red color is probably
attributed to ‘terra rossa’, which is the final product of limestone dissolution
during karst formation, and was transported to the sea.

In September and October 2009, a small freshwater spring (salinity ~3-4,
temperature 12-13 °C) was spotted in Kalogria beach discharging exactly at the
coast. According to geological observations conducted by the Agricultural
University of Athens, this freshwater springs from the mountains and is
hydrologically connected to the studied SGD. Most likely, freshwater reaches
the SGD, but due to low discharge, it gets rapidly mixed with seawater between
the impermesble marble bedrock and the sea bottom, where permeable
formations prevail (sand, gravel, etc.). The available geologica evidence suggests
that a fault line or an impermeable rock formation (e.g. schist) blocks the
freshwater flow on the marble bedrock and creates the SGD at this site.

Conclusions

Significant geomorphological changes have occurred in the studied SGD, which
may have consequences on the type of the flow (from point to diffused), and
possibly to the salinity of the water. Winter observations will reveal if elevated
salinity is due to the sampling period (summer, low terrestrial water supply) or
due to the changes of the rocky structure. Potential water exploitation will
depend on afull year of observations.
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Abstract

This study depends on the detection of water pollution by means of the organic dinoflagellate cysts in bottom sediments collected from
the coastal waters, southeastern Mediterranean close to Alexandria, Egypt. For the first time in the Egyptian Mediterranean waters,
the dinoflagellate cysts are used as indicators of pollution to formulate environmental considerations on the effects of anthropogenic
activity in the Abu Qir Bay. Fifty-two different dinoflagellate cyst morphotypes representing 15 genera were identified in the top 2 cm
surface sediments. The most common cysts that were detected (inter alia, Alexandrium minutum, A. affine, Alexandrium spp.,
Gymnodinium catenatum, Protoperidinium denticulatum) are capable of producing paraytic shellfish poisoning (PSP), as a result

of severe pollution.
Keywords: Eutrophication, Sewage Pollution

Introduction

Abu-Qir Bay(Figure 1) which islocated between Longitude 30° 50' and 30° 22' E
and Latitude 31° 16" and 31° 28 N (about 35 km east of Alexandria), was
considered before 1965, as one of the most important breeding and nursery
ground for economically important fish and shellfish. The Bay receives
considerable amounts of waste waters sources including drainage water from El-
Behera province as well as industrial waste from severa industries (Tayel,
1992). Such pollutants have a drastic effect on various aquatic fauna and flora.

Question To what extent has the current polluted marine environment effect on
dinoflagellate cysts types and distribution in the bottom sediments? The answer
to this question is the aim of the present study.

Materialsand Methods

Eighteen bottom sediment samples from 18 stations covering nearly different
sites of the Bay (Figure 1), were collected, during the end of May and December
2006, using Van Veen grab sampler, in addition to short core sample (~25 cm
length). The selected bottom sediments and core samples were treated for
palynological study by standard palynological technique for marine sediment.
The quantitative and qualitative results for dinocysts identification were based
on the published references such as: Fensome et a. (1993), Williams et a
(1998), Rochon et a. (1999) and Matsuoka and Fukuyo (2000).
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Fig. 1. Location map of Abu Qir bay, showing locations of core and bottom
sediment samples

Result and Discussion
Dinocysts abundance varied greatly among studied locations. The high number
of cysts was observed in the near shore stations can be explained as the
extensive human activities in this area which led to the accumulation of muddy
sediments. The number of cysts, particularly heterotrophic ones, (7646 cyst/g)
issignificantly high (Figure 2), most of them are toxic species.

37

B e S R L e i G
Samp k munber

10 11 12 13 14 15 16 17 18

Fig. 2. Diagram showing the concentration of Alexandrium and other Cyst orders
in the bottom sediments collected during May 2006

Conclusion

1. Alexandrium cystshave been seen in surface sediment layersin the vicinity of
the most coastal stations. This species was the most abundant of the cyst types
in the area. However, Alexandrium cysts showed lower surface concentrations
or are missing in several stations of the center of the bay.

2. Cysts of three potentially toxic dinoflagellate species, Alexandrium minutum,
A. affineand Gymnodinium catenatum were detected at E-Mena, El Madia, in
bottom sediments and in the core sediments at 5-15 cm depth.

3. The high concentration and occurrence of dinoflagellate cysts in the Abu Qir
Bay are suspected to reflect the serious changes in the environment and
anthropogenic activitiesin that coastal zone.
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Abstract

The core-top calibration of lipid-based temperature proxies along the south Italian shelf suggests that U 37 primarily records winter
temperatures while TEXge tend to reflect summer temperatures, in particular in offshore regions. Additionally, a bias of TEXge due tc
terrestrial input or transport cannot be excluded. Our study provides a robust basis for future reconstructions of winter climate
variability in this region during the last two millennia in sediment cores with a temporal resolution of 4 yrs, which is likely to provide
important information on the extension of the AO/NACQ in the Mediterranean.

Keywords: Adriatic Sea, Temperature

Introduction The southward extension of the AO/NAO during winter is crucial
for the Mediterranean water budget. The ESF project MOCCHA ams at
providing climatic reconstructions for the Gulf of Taranto (S. Italy) with a <4-
year resolution. The sediments in this region are excellently suited for this
purpose [eg., 1]. To fully exploit the sedimentary archive, a better
understanding of the relation between environmental conditions and sedimentary
composition is needed. Therefore a coretop calibration of molecular
paleotemperature proxies has been performed. The lipid-based UK 57 and
TEXgg proxies presumably reflect the temperature in the habitat of the source
organisms, i.e., haptophytes and crenarchaeota, respectively [Fig. 1].
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Fig. 1. Structures of GDGTs and alkenones and their related temperature proxy
indices, TEXgg and UK’ 57, respectively [2, 3].

1

A SST ysrun [°Cl

Ocean Data View

Fig. 2. Map of southern Italy showing the difference between akenone-derived
SST and satellite-based mean annual SST (ASST k' 37.ma) @ the SW Adriatic
coast and the Gulf of Taranto.

Usually, the transfer functions applied to the lipid composition of the surface
sediments closely agree with the annual mean temperature in the overlying
surface waters [2-5]. In many open oceanic settings the main productivity takes
place when ambient water temperatures are close to the annual mean [4], which
is not necessarily the case in the Mediterranean [e.g., 6]. Here, we elucidate the
temporal relation between the lipid composition of sediment surface samples
and monthly satellite-derived sea surface temperature and productivity data at
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the south Italian shelf.

Material and Methods The analysed sediments represent the top 2 cm of
multicores from 48 stations obtained during P339 POSEIDON cruise
‘CAPPUCCINO’ in June 2006. Homogenized samples were extracted by using
an accelerated solvent extractor (ASE 200, DIONEX). Alkenones were
quantified using GC-FID. Analysis of GDGTs was based on HPLC-APCI/MS
[7]. The most recent global transfer functions were used for temperature
conversion [4, 5]. Satellite based environmental data and mean annual sea surface
temperatures (SSTya) derive from OBPG MODIS-Aqua Monthly Global 9-
km data base [8].

Results and discussion In our study, the akenone-based UK’ 57 reflects
winter/spring SST [Fig. 2]. This agrees with maximum haptophyte production
in the colder season as evidenced by chlorophyll data and sediment trap
analysis. In contrast, the TEXgg data are more complicated. For the near-shore
sites the TEXgg suggests that the GDGTs have been produced in winter but
with increasing distance from shore the inferred ambient water temperature
increases; consequently most offshore sites reflect summer SST. This is
probably due to differences with respect to timing and/or depth of production,
or transport of alochthonous GDGTs. Our core-top calibration documents
varying degrees of seasonal bias of the two SST proxies in a regional context.
This improved understanding of SST signal formation at the Gallipoli shelf
provides a robust basis for future examination of temperature changes in
sedimentary records covering the last millennia.
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Abstract

Since Ryan et a. 1 theory about a rapid reconnection between the Black Sea and the Marmara Sea in the Holocene, an important
international work have been undertaken to study the Quaternary water level fluctuations of these two bodies. It is now well
established that the Black Sea has encountered complex water level fluctuations with high lake levels occurring during wet and
melting period after the LGM and low lake levels occurring during drier conditions as the Younger Dryas was for this region. This
presentation will summarise results obtained in the Black Sea from different research cruises and compare them with other semi-
enclosed basins. These permit a rise in the understanding of the mechanisms linked to high resolution sequence stratigraphy
preservation and how they have recorded the abrupt climate changes of the last deglaciation

Keywords: Black Sea, Bosphorus, Seismics

The location of the Black Sea, between Europe and Asia, makes its water level
dependent on Eurasian climatic fluctuations. This inland sea is a perfect
present-day example of what is a marginal basin where connection changes
dramatically with sea level. The Black Sea is at present the world's largest
anoxic basin, making it an important modern analogue for past anoxic
conditions, while during the last glacial period, it was a low salinity
oxygenated lake, isolated from the Mediterranean. The Black Sea and the low
sea level periods when were deposited lake sediments represents vauable
archives for the study of past climate changes. Actualy, the glacial period
northern ice cap prevented major East European rivers to flow north as they
do today. During ensuing interglacial periods, these rivers were diverted to the
south in the direction of the Black Sea and Caspian Sea receiving basins and
consequently have increased the size of these Drainage Basins Therefore,
unique conditions specific to the Black Sea were established while this water
body became isolated from the Global Ocean. This results in avoiding the
hysteresis effect which is the latent period needed by the Global Ocean to
respond to the conseguences of ice melting. This presentation is part of one of
the objectives of the INQUA/IGCP 521 project (Black Sea-Mediterranean
Corridor during the last 30 ky: sea level change and human adaptation) which
is to obtain a good as possible reconstruction of climate dynamics and the
changes from wet to arid periods together with the determination of
palaeodepths. Such results are of interests for the CIESM as they will lead to
a cooperation in the construction of a sea-level curve for the Black Sea
Presently, it is well established that the Black Sea has encountered complex
water level fluctuations with high lake levels occurring during wet and melting
period after the LGM and low lake levels occurring during drier conditions as
the Younger Dryas was for this region. As the Black Sea, abrupt Sea-level
rises have been recorded in many different semi-enclosed basins around the
world. The link to rapid transgressions is easy to do, even if the mechanisms
are completely different. Large and rapid releases of freshwater from ice sheets
since the LGM to sensitive areas may also arise from several mechanisms. The
last deglaciation provides the level of preservation necessary to identify
specific mechanisms of ice-sheet forcing and attendant climatic responses. The
presentation will summarise results obtained in the Black Sea from different
research cruises and compare them with other semi-enclosed basins. These
permit arise in the understanding of the mechanisms linked to high resolution
sequence stratigraphy preservation and how they have recorded the abrupt
climate changes of the last deglaciation. When the Black Sea was isolated, both
the lack of saltwater input and the increase of fresh water run-off from the
rivers, led to reduced salinity levels in the Black Sea. This process happening
during the glacial periods, linked to water level fluctuation, is measured in the
fauna succession showing an abrupt change from salt-water to fresh/brackish-
water species. The initial hypothesis of a rapid saltwater flooding of the
freshwater lake that was the Black Sea in the Late Glacial Maximum (LGM)
was proposed since 1996 by Ryan et a. The flood hypothesis raised
controversy and initiated refutation, but recently also received supports The
European Project ASSEMBLAGE (EVK3-CT-2002-00090) provided
geophysical and sedimentary data collected in the north-western part of the
Black Sea from the continental shelf and slope down to the deep-sea zone.
This project focused on applying sequence stratigraphic models to seismic
data recorded on the north-western Black Sea shelf, in order to correlate the
sequences interpreted using seismic stratigraphy methods to sealevel
fluctuations. To achieve the project's objectives, very high resolution seismic
data were acquired during the BIaSON cruises (1998 and 2002) on board the
research vessel LE SURO; and during the ASSEMBLAGE 1 (2004) cruise on
board the research vessel LE MARION DUFRESNE. During the first two
cruises paleo-shorelines and sand ridges were identified and a set of seismic
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data was acquired on these targets to support pseudo 3D analyses. This
coupled with a multiproxy approach emphasizes that the Black Sea water
level is dependent on Eurasian climatic fluctuations. This sequence
stratigraphy study is validated by dated samples obtained from long cores (up
to 50 m long) providing a firm calibration of Black Sea water level fluctuation
since the LGM. It especialy shows that the Black Sea experienced a
contemporary rise in water level with the melting of the Fennoscandian Ice
sheet followed by a drop of the water level from the Younger Dryas to the
Pre-Boreal. This recent lowstand is confirmed by the presence of the forced
regression sequences, the wave cut terrace and the coastal dunes still preserved
on the shelf, even after the Black Sea was rapidly invaded by
Mediterranean/Marmara marine waters.

Fig. 1. BlaSON and ASSEMBLAGE survey multibeam results for the Black
Sea
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Abstract

High resolution Multi Beam data and sediment samples were collected across the outer shelf region of the Columbretes Islands
(Southern Ebro continental shelf, Western Mediterranean Sea). Very large subagueous dunes were observed across relict sand bodies
and their distribution and morphologica characteristics have been analyzed to evaluate possible potential formation mechanisms. It i<
discussed that these bedforms could be produced by the action of the Liguro-Provencal-Catalan (LPC) geostrophic current, flowing
southward and reaching very intense near-bottom curents when interacting with the local geomorphology of the study area.

Keywords: Continental Shelf, Geomorphology, Swath Mapping, Western Mediterranean

Large and very large subaqueous dunes [1] have been observed in a number of
outer shelf regions around the world, usually developing on fossil sand bodies
and ridges [2,3]. Dunes observed on outer shelves usually display large
dimensions with maximum longitudes reaching up to 500 m and heights up to 20
m [3,4]. Forcing mechanisms able to induce their formation have been described
as strong bottom currents related to tidal variations and water masses flowing
under geostrophic conditions, usualy controlled and enhanced by loca
geomorphologic configurations [2,3,5]. In this study, such bed features have
been recognized around the Columbretes Islands, mapped and measured, with
the aim to reconstruct which are the forcing processes that could generate them
inrelation to the local settings of the area.

Swath-bathymetry around the Columbretes Islands was collected using the
Simrad EM-300 30 kHz (R/V Vizconde de Eza) and the Elac Seabeam 1050D
180 kHz (R/V Garcia del Cid) Multi Beam echo-sounders for a 50-400 m water
depth range. Additionally, sediment samples were recovered by means of aVan-
Veen grab and a HAPS corer, to carry out grain size anadysis of surface
sediments. Bathymetric data revealed the presence of three main relict sand
bodies aong the outer shelf, for a 80-116 m depth range, above which
asymmetrical, dightly asymmetrical and symmetrical large and very large 2D
and 3D subaqueous dunes were observed (Fig.1). Dunes range from 150 to 760
m in wavelength and from tens of cm to 6 min height.

These bedforms are composed of sandy sediments, presumably coming from the
degraded relict sand bodies on which they developed, mixed to fine fractions,
coming from the recent draping holocenic sediments. The orientation of the
dunes is SSW and progressively turns to W directions moving towards the
southernmost sector of the area, following the trend of the shelf-edge. Observed
dunes display a strong asymmetric profile for those occurring along the shelf-
edge (Symmetry Index (Sl): 2.6) and lose progressively their asymmetry
towards the inner portion of the shelf (SI: 0.5), being 0.6 the minimum SI value
to classify the dunes as asymmetric [6]. The subaqueous dunes observed along
the studied region are amongst the largest ever recognized on an outer shelf
setting. Morphologic characters and the orientation towards SW and W
directions suggest the LPC current as the primary forcing factor in their
formation.

Contemporary hydrodynamic measurement at the Ebro continental shelf-edge
show that near-bottom wave action is negligible in this area, whereas maximum
shear stresses induced by currents are able to resuspend fine sand particles and
prevent the relict transgressive deposits from being covered by mud [7].
However, recorded values are below the critical shear stresses for transport the
relict coarse sands found in the study area and form large bedforms. The
comparison of successive bathymetric images and the aspect of the wavelenght-
height regression curve suggest that the described very large dunes are inactive
features over long periods, as observed in similar environments along several
continental margins. Thus, the morphological configuration of the Columbretes
outer shelf must have played a crucial role in enhancing the southward flowing
bottom currents during energetic hydrodynamic events, giving them the
potential to generate bedforms.

4399800

4395800

Fig. 1. Shaded relief image of large subagueous dunes developed on relict sand
bodies aong the Columbretes outer shelf. SCC: Southern Columbretes Canyon.
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Abstract

A geodtetistical analysis of multibeam bathymetric data in two fields of prodeltaic undulations located off the Guadalfeo River,
northern margin of the Alboran Sea, was conducted in order to obtain useful insights into genetic mechanisms. The geostatistical
analysis was based on the determination of characteristic parameters and derived relationships. Our results support the contention that
prodeltaic undulations off the Guadalfeo River should be regarded as sediment waves, mainly generated by strong normal -to-contour

sediment flows with ariverine origin.

Keywords: Deltas, Continental Shelf, Geomor phology, Swath Mapping, Alboran Sea

A detailed study of the along- and across-shelf variability of geostatistical
parameters such as rms (H), strike azimuth with respect to north (@),
characteristic width (L) and characteristic length (Lg) defining the von
Kéarman covariance function, as well as the wave or vertical form index (L/H)
and aspect ratio (L/Lp), provides valuable information about the genetic
interpretation of submarine undulations found in highly dynamic prodeltaic
systems. Those systems have been particularly documented in several settings
of the Mediterranean Sea[1, 2, 3], a region characterized by seasonal climatic
patterns and strong physiographic control on drainage basins. Our analysis
provides evidence to support the hypothesis that the prodeltaic undulations
can be considered as a type of sediment waves, resulting as the final products
of energetic sediment flows emanating from river outlets.

Overall, geomorphological statistics indicate that the undulations under
consideration bear high similarity with prodeltaic undulations developed in
deltaic systems where a primary control of hyperpycnal flows has been
proposed. The parameter values in the Guadalfeo River prodelta (Fig. 1)
suggest the imprint of very intense sediment flows, with increased
proportions of bedload sediment transport in relation with other undulation
areas. This may be a consequence of the extreme seasonality and torrentiality
dominant in the drainage basin of the feeding system.

Most of the geostatistical parameters are disposed in basically consistent
distribution patterns, especially in the along-shelf direction. Amongst them,
the L/H ratio observes the most clearly discerned geomorphological patterns,
by defining two identifiable depositional axes, whose location seems to be
controlled at large by changing river mouth position. The most recent, western
undulation field is highly symmetrical,with higher H and lower L/H and Lg
values, suggesting the action of very intense and focused flows, with relatively
high amounts of bedload sediment with decrease rapidly both laterally and
downslope. In contrast, the eastern field shows lower H and higher L/H and
Lg values, indicating the influence of less energetic flows with increased
proportion of suspended sediment. In the end, those differences are also
indicating a tempora change, as the western field undulations appear to be
active, relatively in equilibrium with recent/present flow regime, whereas the
more subdued profile of the eastern field undulations would indicate a higher
quiescence.

Changes of ® and L also support a main genetic mechanism through normal-
to-contour flows, as the undulations are disposed around two adjacent lobes
and show relatively low lateral continuity when compared to other
Mediterranean undulations. Those parameters fit with the depositional model,
described by two main point sources that irradiate sediments concentrically.
In contrast to the previous parameters, L, does not show a predictable
pattern, as no significant systematic change is detected in the study area.
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Fig. 1. Prodeltaic undulations off the Guadalfeo River: A) Geographical setting
of the study area, located in the northern margin of the Alboran Seawestern
Mediterranean Basin. B) Shaded relief of the study area, showing two main
undulation fields (western and eastern).
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Abstract

Near-bottom sediment fluxes were measured at several locations across the Barcelona continental shelf (NW Mediterranean) during
the SEDMET Study. Current meters equipped with turbidimeters were installed on instrumented tripods deployed at 20, 30 and 40 m
water depth. Measurements of near bottom currents and water turbidity, from October 2007 to June 2008, in combination with wave
data provided information about the physical forcing and resulting resuspension and sediment fluxes on this Mediterranean continental
shelf. This contribution analyses the results obtained during the first recording period (September — December, 2007) characterized by
a high wave-energy regime. During this period, six moderate storms occurred, being identified as the main contributors to the sediment

resuspension events recorded between 20 and 40 m depth.

Keywords: Sediment Transport, Continental Shelf, Western Mediterranean

Sediment resuspension in the Western Mediterranean Sea is caused primarily
by the wave-storm activity when wave periods increase significantly. Some
authors showed that sediment resuspension in response to storm waves on
the Ebro Margin (NW Mediterranean) is mainly effective on the inner-shelf
region [1] [2]. The present project involves studying resuspension and
sediment transport eventsin a littoral system affected by industrial and urban
activities, Barcelona (NW Mediterranean) (Figure 1).
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Fig. 1. Map of the Barcelona continental shelf showing the three tripods
locations. Depth contours and UTM units are in meters.

During the SEDMET Project, three benthic tripods were deployed in the
northern Barcelona continental shelf at 20, 30 and 40 m water depth (Figure
1). Each tripod was equipped with an Aanderaa Doppler current meter
(RCM9) coupled with a pressure sensor, a temperature sensor, and 2
Aanderaa turbidimeters of different ranges. These sensors were measuring at
0.6 meters above bottom (mab). In addition, an NKE ALTUS 2 Hz altimeter
and a sediment trap were incorporated to the tripods structures. For this
study, the current meter recording intervals were set a 20 minutes, and the
observational period lasted in total 8 monthsin 3 deployments of 2-3 months,
beginning 28 September 2007 and ending 19 June 2008.

The meteorological and the waves conditions were obtained from “ Puertos del

Estado” WANA model calibrated with data obtained from the Llobregat buoy
of the XIOM (“ Generdlitat de Catalunya’). In addition, vertical hydrographic
profiles were made monthly using a SBE 25 CTD, coupled with a Seapoint
turbidimeter. Water samples were collected during each cast near the bottom
and at the surface. To obtain time series of suspended sediment concentration
(SSC), turbidity sensors were caibrated with estimations of SSC measured
from filtered water samples.

This paper analyses the data recorded during the high-energy season, from the

28th of September to the 29t of November 2007, at the three tripod locations
(20 m, 30 m and 40 m). During this first deployment, there were six moderate
storms with significant wave height (Hs) of about 2-3 m and peak wave period
(Tp) around 10 s, increasing during the strongest storm to Hsup to 3m and a
Tpof 12 s(Figure 2).

The highest near-bottom current speed at the three locations were associated
with storms events, reaching maximum values up to 25 cm/s. During those

42

events, the mean component of the near-bottom currents was 1-2 orders of
magnitude higher aongshelf than across-shelf with a resultant flow
predominantly directed towards the SW.
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Fig. 2. Time series of significant wave height (Hs), peak wave period (Tp),
near-bottom current vectors and SSC (0.6 mab) at 20 m depth during the high
wave-energy period. Vertical linesidentify the six resuspension events.

The near-bottom SSC during the recorded period showed a high temporal and
spatial variability, and mean values decreased offshore. At 20 m depth, the
SSC was less than 0.5 mg/l during fair-weather conditions and increased up to
50 mg/l during storms (Figure 2). Finaly, regarding to the sediment flux, the
mean aongshelf sediment fluxes at al the recording sites were higher than the
across-shelf component and decreased with increasing depth.
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Abstract

The geochemica features in surficial sediments on seamounts of the Djibouti Banks allow determining a boundary between two
sediment groups which fits with the seamounts summit break. The differences between these groups seem to be related not only with
aphysiographic limit but also with the influence of bottom currents, external inputs and geochemical processes.

Keywords: Sediments, Geochemistry, Trace Elements, Alboran Sea

Introduction and oceanographic setting

Changes in sediment features on seamounts can be related with both source
and oceanographic conditions, but also geochemica interactions can be
involved once particles are settled or along the water column. In order to
ascertain the relation of those processes with the geochemical composition of
recent deposits, a group of 28 sediment grab samples have been analyzed on
two seamounts of the Djibouti Banks area (NW Alboran Basin). The studied
seamounts are Avempace and Djibouti that show a tabular configuration at
top with both tectonic and volcanic origin. The water masses involved in this
area are the saty and dense Mediterranean water and the lighter Atlantic
surficial water, which mixing process causes valuable effects on the
geochemical transference between dissolved and particul ate phases.

Results and discussion

Studied sediments are sandy mud and muddy sand with sand-sized
foraminifera and ostracoda tests that aso include variable amounts of
glauconite grains. Neither heavy minerals nor quartz grains are observed in
quite amount, what implies the sediment origin is mainly related to authigenic,
pelagic and dust sources. Rare earth elements (REE) are quite sensitive to
environmental changes. In order to evauate the length of the fractionation
aong the series (Fig. 1), they have been normalized by Shale [1]. It can be
observed an increase on (La/Yb)g,ge index with depth as a result of the
progressive enrichment of Light REE (LREE: Lato Gd) that it is not showed
by Heavy REE (HREE: Tb to Lu). Thisis due to the preferential removal of
LREE by adsorption and/or scavenging onto clay-sized Al-bearing minerals.
Otherwise, HREE are preferentially retained in solution as consequence of the
formation of steady carbonate-ion complex in seawater [2] and almost do not
show variation with depth, except if any externa input is involved. In this
latter case a possible Sahara dust input could enhance the Yb concentration
observed in the sediment, but further studies are required to find the right
relationship with this source.
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Fig. 1. Range of REE-Shale normalized pattern for sediment (ppm) with depth
and average Mediterranean seawater (pmol kg'd) [3].

Additionally, the depth evolution of selected elements has been studied in
order to be used as geochemical proxies of sediment origin. The relation of
Fe/K and Ca/Sr with depth (Fig. 2) show two main depths related to
glauconite formation from foraminifera tests. Those depths are around 300 and
380 m for Djibouti and Avempace, respectively, and imply a low
sedimentation rate on both summits. It is aso in good agreement with the
minimum content of lithogenic elements (Al, Li, Th, V, Ti) observed in the
sediment composition that later increase with depth as a consequence of the

phyllosilicate dominance on deep water sediments. This could be related with
sedimentary inputs coming from bottom currents of Mediterranean origin that
somehow prevent biogenic deposition at the slope of the seamounts.
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Fig. 2. Geochemical features of sediments with indication of the depth
boundary (dashed line) where main changes occur on Avempace (open dot)
and Djibouti (black dot) seamounts.

Conclusions

Preliminary results suggest a change on geochemica features in sediments
deposited around 300 and 380 m depth for Djibouti and Avempace,
respectively, that approximately fits with the physiographic summit break of
both seamounts. According to this boundary two different sediment groups
can be identified in recent deposits on the Djibouti Banks area. Shallower
sediments are depending on geochemical reactions along the water column and
biogenic deposition, while deep water sediments could be related with
Mediterranean bottom currents and external inputs of Sahara dust.
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Abstract

Mud volcanoes from the West Alboran Basin were first discovered and surveyed during several TTR cruises. Provenance and nature
of the mud breccias extruded by the Alboran mud volcanoes have been investigated by using geochemical and mineralogical proxies.
This study presents preliminary results obtained from the analyses of mud breccia and pelagic drapes from gravity cores collected at
different mud volcanoes (Pergjil, Dhaka, Carmen and Maya). Mineralogical analyses showed a clay dominant composition of mud
breccias, and major and trace element composition have revealed potential differencesin parental affinity.

Keywords: Alboran Sea, Mud Vol canoes, Geochemistry, Mineralogy

Mud volcanoes were first discovered in the West Alboran Basin (WAB) during
the TTR-9 cruise, in 1999 [1] and further investigated during the following
TTR cruises (TTR-12, TTR-14 and TTR-17). The mud volcano field is
located in the inner part of the Gibraltar Arc, where the major sedimentary
depocenter is recorded (up to 7km). Previous studies have proved that this
depocenter matches with an extensive Mud Diapir Province, which feeds mud
diapirism and associated mud volcanoes. The mud diapirs are formed by under-
compacted shales and olistostromes from the lowermost marine sedimentary
sequence early to middle Miocene in age, as show both seismic interpretations
[2] and micropaleontologica studies of the extruded materials [3]. In order to
investigate the provenance and nature of the mud breccias extruded by the
Alboran mud volcanoes, we have analyzed three gravity cores (MS283G,
MS285G and M$419G) from the top of Pergjil, Dhaka and Maya mud
volcanoes respectively, and one (MS385G) from the flank of the Carmen mud
volcano. Pergjil MV is located in the northern whereas Dhaka, Carmen and
Maya MVs are located in the southern of the Mud Diapir Province. All of
them occur between 400m and 850m depth and they are showed as positive
structures. However, their morphologies are variable, ranging from semi-
circular to elongated; as well as size in high, from 25m to 90m and in diameter,
from 120m to 1600m. Continuous samples were taken from the hemipelagic
drapes in al mud volcanoes and every 2cm at the top of the mud breccias. The
rest of the mud breccias were sampled every 5 or 10cm at 2cm intervals.
Samples were processed for mineralogical and geochemical analyses and
different techniques were used: X-ray Diffraction (DRX), Atomic Absorption
(AA) and Inductively Coupled Plasma-Mass Spectrometry (ICP-MS). The
analyzed cores evidence similar bulk mineral composition at the four studied
MVs. However, differences in minera abundances could suggest a major
contribution of clays in the northern volcano field as shown by the clay
content at Pergjil MV. In contrast, MVs from the southern volcano field
(Carmen and Dhaka MVs) show similar abundances in bulk minera
components, thus supporting similar source contribution. Maya MV shows
mixed bulk mineral composition. Such differences between the northern and the
southern fields are further supported by the composition of the clay mineral
assemblages. Differences are found in the smectite and illite abundances, being
the smectites the predominant clays at Pergjil MV, while illite is more
abundant in Carmen and Dhaka MV's, whereas Maya MV shows particular
proportions of smectite and illite. Such dissimilarities allow us to suggest
distinct composition and/or depth of the source feeding materials between the
northern and the southern volcano fields [table 1].

Tab. 1. Bulk mineralogy and clay mineral assemblages in mud breccias from
Maya, Carmen, Dhaka and Perejil mud volcanoes.

MAYA MV CARMENMY  DHAKA MV PEREJIL MV
BULK % Quartz - ) 1520 16-20 5-15
MINERALOGY % Calcite <510 1015 <520 <5
% Clays 6590 6575 4575 80-90
S % Smectite 4075 3040 2540 55-70
ASSEMBLAGES % lilite: 10:50 40-55 20-60 20-30
% Kaolinite+Chlatite 10:20 10-20 1620 =5-10

The distribution of major and trace elements across the studied intervals
resulted from alarge number of processes. Typical detrital elements (Al, Si, K,
Mg, Rb, Th and REE), which preserve the characteristic trace-element
distribution of source rocks, show that mud breccias are not chemically
homogeneous, because reported down core differences in detrital-element
content from Pergjil, Carmen and Dhaka MV's suggest potential differences in
parental affinity as divergences in the relative contribution of the diverse

source layers and depths. Oscillations in redox-sensitive elements (U, Mo, V,
Cr, Ni, Pb and carbonate associated elements as Sr) are observed at about the
same depth than those reported for detrital elements, which also support a
potential link with the nature of the source materials. Further investigation in
clay mineral transformations will be need, in order to verify a potential
smectite transformation in relation with a different depth source. Statistical
analyses and chemical index of compositional maturity is in progress to
confirm the relationship between chemical composition and source materials of
the muc breccia as well as the influence of fluid activity in diagenetic process.
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Abstract

From 2003 to 2009 an extensive survey in a large area of the Venice Lagoon was carried out by means of acoustic techniques. The
measurements were performed in extremely shallow water (up to 0.5 m). The acoustic data revealed the presence in the sediments of
a complex network of buried palaeochannels and palaeosurfaces confirmed by numerous ground truth analyses carried out on the
cores extracted in the area. In this note, a high spatial resolution sub-bottom mapping of the central Venice lagoon is presented.

Keywords: Lagoons, Geomor phology, Acoustics, Mapping

Introduction

The Lagoon of Venice is the result of natural processes and intense human
activities that determined its morphological evolution. The shallowness of the
lagoon environment (average depth of about 1m) has for long time prevented the
use of acoustic methods in this area. However, recent studies demonstrated that
the use of sub-bottom profilers can be very useful to describe different phases
of the lagoon evolution ([1], [2], [3] and refs. therein). In this contribution, we
present the results concerning ultra shallow water (<1m) acoustic survey in the
central lagoon between the industridised area of Marghera and the city of
Venice. The am of our work is to reconstruct the complex subbottom
architecture of a very anthropized environment through a multidisciplinary
approach using acoustic and environmental data.

M ethodology

With this purpose, a high spatial resolution survey was carried out using a
traditional 30 kHz ELAC echosounder (with vertical resolution of about 10 cm)
together with a DGPS system. Given the complexity of the buried
morphologies, a 50 m parallel line survey grid was carried out in south-north
direction (fig. 1).
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Fig. 1. Study area and acoustic survey line grid (on the right), quasi 3D
palaeochannel s reconstruction (on the left) and cores SG33 and SG25 position.

In correspondence with interesting acoustic discontinuities, severa ground cores
were extracted. Here, we present the results of the two cores SG25 and SG33,
drilled inside and outside the palaeochannels, respectively.

Results and discussion

The high spatia resolution grid of the acoustic survey alowed a 3D
reconstruction of three palaeochannels. Their meandering paths is presented in
fig. 1, where, at the same time, the information about the palaeochannel acoustic
signal depth is mapped. In particular, the central palaeochannel was intersected
by the core SG25. The SG25 stratigraphic record presents mainly clayey-silty
sediments from-1.2 to -5.2 m and sandy sediments from -5.2 to -6.60 m from
the mean sea level (m.s\l). The 14C dating taken at -5.2 m between the two facies
allows the reconstruction of the palaeochannel shape of about 1600 + 90 cal yrs
BP (grey line in fig. 2). The inclined reflectors in the southern side of the
acoustic profile correspond to the palaeochannel point bar migration. The grey
line seems to separate two different phases: an earlier high energetic regime with
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sand deposition and channel migration and a later low energetic regime with a
finer filling and apparently no migration. The two phases can be related to a
change of the area hydrodynamics due to a climate worsening between the IV
and VI century AD [4].
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Fig. 2. Buried palacochannel intersected by the core SG25 (black vertical line).
The thick black lines show the channel point bar migration and stratification,
while the dashed lines indicate palaeosurfaces. The grey line corresponds to the
channel’ s shape about 1600 + 90 cal yrs BP.

These palacochannels probably incided the aluvia sediments, as, in this area,
we found thelagoonal sediments down to about 2-3 m from m.s.l.. In particular,
the core SG33 shows a transgressive sequence related to the expansion in
historical age of the lagoona margin over the mainland. This sequence is
underlined by an environmental succession that goes from the aluvial to the high
salt-marsh (at -1.47m) and, eventually, to the low salt marsh environment (at -
0.77mm.sl.).

This multidisciplinary approach alows for the first time a very detailed 3D
reconstruction of palaeochannel paths and internal structures, of their
meandering behaviour and of the palaeosurfaces evolution related to possible
change of the central lagoon hydrology.
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Abstract

The offshore Eastern Spain and Balearic margin area is studied with seismic lines and bathymetric data. The aim of the study is to use
the MSC markers (erosions and deposits) in order (1) to provide a complete scenario of the Crisis from land to deep basin and (2) to

quantify the vertical movements and recent tectonics implications.
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The Balearic area is located between two extensive basins, the Vaencia Oligo-
Miocene aborted rift to the North and the Algerian oceanic basin to the south.
It is however the place of intense compressive activity as it has been affected
by the Betic thrusts ([1], [2]), well known in the Ibiza and Mallorca Islands.
The north of the Baearic promontory was during the Miocene a
compressional  front, whereas its southern border was the northern
&ldquo;passive or transform margin&rdquo; of the Algerian basin ([3], [4]).
From the Tortonian to now on, the northern edge of the Balearic promontory
seems to have been affected mostly by extension. In southeastern Spain, the
Western Internal Betics Ranges are actually affected by deformation like
strike-slip, thrusts faults and uplift and by an important seismicity, as well as
the adjacent Alboran Sea ([5], [6]). Between the Alicante Margin and the Ibiza
Margin a strait connects the Valencia Trough and the Algerian Basin. An
important work [5] studied the Present day deformation in the Alicante
Region and showed a recent reactivation of the structures. Offshore, we show
that the Eastern Margin of South Spain and south Balearic margin are also
submitted to inversion. A dense net of seismic lines is used and the structural
information is correlated with the very accurate multibeam maps that have
been acquired [7] and show highs correlated to uplifted Miocene and/or Plio-
Quaternary units. For example, a 650 m bathymetric high (150 m high relative
to the surrounding seafloor, "El Cid" High) forms an E-W threshold between
the LaNao Cape and Ibiza, also

observed by the seabeam map ([8]; figure 1).
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Fig. 1. Bathymetric map and sonar between the Eastern Spain and lbiza
Island, from [8].

The Messinian unconformity between Miocene and Plio-Quaternary units is
well marked in the area (M on figure 2). It has been followed and mapped
from the Vaencia Basin to the Algerian Basin through the high Balearic area
and is a precious chrono-stratigraphic marker of the end of the Miocene. The
El Cid fold is E-W elongated, in that parallel to the Betic front. The Betic front
clearly predates the actual deformation, as shown by the Messinian
unconformity that sealed the deformation. Figure 2 shows the proximity of
structures deformed before the Messinian Sdinity Crisis (MSC) and
structures deformed after. Uplift can be important as eroded Miocene units
and even MSC units can reach the sea-floor. The MSC resulted in the Balearic
promontory not only in erosions but also in thin depositional units
(combination of clastic, fluvio-lacustrine sediments, reworked material and/or
evaporites?) that can be compared to the ones deposited in the Valencia Basin
[9]. Those thin deposits are distributed in several small basins between
Vaencia and Algerian Basins. An isobaths map of the base of the Pliocene
units (Maillard et al., in prep) shows that the area is however shallower than
the Valenciaarea. The MSC markers must thus record the recent tectonics that
uplifted the area. The location of these basins should however question the

relationship between deep basin evaporites and margina evaporites. The
studied areais well located because it records the MSC continuously from the
land (evaporitesin Salinas area, Bajo Segura Basin) to the deep basin, and from
the intermediate depth basin (Vaencia) to the deep basin (Algerian). The
observations in this area provide a new basis to discuss not only the
development of the MSC, but also the reconstruction of the uplifted and
compressive structures in this area since 5 millions years. One important
point is to understand how the compressional stress transmits from Algerian
margin to Eastern Spain through the thinned continental crust of the Alboran
Sea once, but also through, which is more complex, the Algerian oceanic crust.

Fig. 2. Seismic line between the Eastern Spain and Ibiza Island showing the
pre-MSC (Betic front) and post-MSC (“El Cid" high) deformation.
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Abstract

Based on the age model put forward by the CIESM in 2008 a new Strontium (87Sr/88Sr) isotope curve for the Messinian salinity crisis
(interval 6.5 Ma to 5.2 Ma) has been obtained plotting the available data from the literature and new data obtained from various

regions of the Mediterranean area during the last years.
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Isotope geochemistry based on 8/Sr/86Sr ratio have been used during the last
decades to reconstruct the hydrological changes affecting the Mediterranean
Sea during the Messinian salinity crisis ([1], [2], [3], [4]).

Unfortunately, the age models adopted for the calibration of these data appear
not sufficiently accurate and not well stratigraphically constrained.

Following the new age model put forward by the CIESM consensus report
([5], [6]) and its successive refinements ([7], [8]) the strontium isotope data
(87r/885r) available from the literature have been re-plotted, from 6.5 Ma to
5.2 Ma, together with new data obtained from various regions of the
Mediterranean area during the last years.

According to the two-steps/three stage stratigraphic model ([5], [6]) the
Messinian sdinity crisis can be split into three main hydrological stages
sharing different isotope trends.

Stage 1 (5.96-5.6 Ma)

The first stage, dominated by CaSO,evaporites, corresponds to the
deposition of Primary Lower Gypsum (PLG). Most of the samples yield
non-oceanic Sr isotope ratios with several exceptions that plot within coeval
oceanic waters suggesting an evaporite basin dominated by continental waters
that received significant marine recharges ([9]).

This stage was characterized by selenite precipitation in small and moderately
deep (< 200 m), periodically oxygenated basins, and deposition of organic-
rich, barren shales and dolostones in larger, deeper basins characterized by
oxygen-depleted seafloors. Evaporite facies and isotope characteristics suggest
precipitation from a relatively homogenous Atlantic-fed water body with a
partially reduced outflow with a significant contribution of continental waters.

Stage 2 (5.6-5.55 M a)

The second stage, mainly characterized by CaCos-NaCl-K sdts, is
characterized by a maximum Sr isotope data dispersion ranging from the global
ocean field to lower values.

This phase marks the MSC acme and was triggered by a combination of pan-
Mediterranean tectonic and climatic factors which caused a drastic reduction
of the Atlantic connections and a possible short-lived blockage of the
Mediterranean outflow, leading to salt and evaporitic carbonate precipitation
during the TG14-TG12 interval.

Stage 3 (5.55-5.33 M a)

The third stage, characterized by CaSO,4 evaporites, saw the deposition of the
Upper Gypsum (UG) and Lago Mare sediments and is characterized by
overall lower values of strontium isotope ratio than the coeval oceanic waters.
Furthermore, the lower portion of this interval (Stage 3.1) is characterized by
a depletion-upward trend, whereas the upper portion (Stage 3.2) is
characterized by lower and less dispersed values.

UG selenite precipitation occurred from a large, residual water body only
partially connected with the Atlantic. Surface waters sporadically undergoing
progressive dilution due to a change in the precipitation regime and periodic
inflow of evaporated continental waters. Tectonic quiescence and more
generaized subsidence, also comprising the delayed effects of salt loading,
were responsible for the progressive reestablishment of full connections with
the Atlantic and the final Zanclean flooding.
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Abstract

Microbial processes played a major role in mineral precipitation throughout the Earth’s history. Such processes have been widely
discussed for the last few decades with regard to carbonate precipitation. Other than microbial precipitation of carbonates, in natural
environments is also of great interest the potential role of microbes in the precipitation of marine barite. Regarding carbonates, our
experiments show how certain isolated bacteria from the Alboran Sea surface waters are able to precipitate different Mg-rich
carbonates at modern marine seawater salinity. Ongoing work aso focuses on bacterial precipitation of marine barite and its role in
the biogeochemical cycle of barium and in the record of this element in Mediterranean pal eoenvironments.
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Introduction

Microbial processes have played an important role mediating carbonate
production throughout the Earth’s history [e.g., 1]. In particular, precipitation
of microbial dolomite has been the focus of extensive research [e.g., 2], being
this mineral is of key importance for understanding biogeochemical processes
and cycles in past and modern environments. Thus, understanding of the
microbiogeochemical processes involved in the precipitation of Mg-rich
carbonates is essential to further understand the dolomite production in
ancient environments. In this context, recent experiments have revealed that
Ca-Mg kutnahorite, a mineral with a dolomite-ordered structure, can also be
precipitated by bacteria [3]. As for dolomite, precipitation of Ca-Mg
kutnahorite has been mostly obtained in hypersaline bacterial culture
experiments. However, our recent work has demonstrated that marine bacteria
were also able to precipitate this mineral at modern marine seawater sainity
[4]. In addition to the investigation of microbial processes in relation to
carbonates and the carbon cycle, the investigation of the biogeochemical cycle
of Bais also of mgor importance since both cycles are closely related and Ba
is considered and excellent proxy of past marine biological productivity. The
mechanism by which barite precipitates in undersaturated seawater still
remains unknown. Considerable research has focused on this element over the
last decades, but living organisms that directly precipitate barite have not yet
been identified in seawater. Nevertheless, a reasonable proposal would seem
to be that bacteria could play arolein this process. As an initial approach to
this hypothesis we carried out an experiment using Myxococcus xanthus, an
abundant and ubiquitous heterotrophic soil bacterium, and it was
demonstrated that this microorganism induced barite precipitation [5]. As
myxobacteria are recognized mainly as soil bacteria, ongoing work is being
focused on the role of marine bacteriain sulfate precipitation.

Materials and methods

For carbonate precipitation experiments, a bacterial strain, MAH1, has been
isolated from a seawater sample collected from the Alboran sea surface waters.
It has been characterized using polyphasic taxonomy as Gram-negative,
growing between 2-43 °C, heterotrophic, aerobic and required NaCl for
growth. Results of phylogenetic analyses evidenced that the strain belongs to
Idiomarina loihiensis species. For biomineralization experiments, the solid
medium used was the marine medium (MM) (% wiv, yeast extract 0.5%,
triptone 1%, purified agar-agar 2% in seawater from Alboran Sea, pH 7.6). For
sulfate precipitation experiments, M. xanthus cells were inoculated on a solid
culture medium with Ba (CM-Ba) (0.4% yeast extract, 2 mM BaCl2 - 2H20,
2% purified Difco agar-agar in distilled water). To recover the precipitates
formed, a needle was used for the largest crystals, and the small ones were
recovered by melting the solid medium in a microwave oven. After this,
crystals were washed with distilled water to eliminate culture medium remains
and cell debris. Precipitate composition and morphologies were studied by
Scanning Electron Microscopy (LEO Carl Zeiss GEMINI-1530, coupled with
energy-dispersive  X-ray microanalysis). Precipitate mineraogy was
determined by X-ray diffraction using a Bruker D8 Advance diffractometer.

Results and dicussion

The MAH1 produced Ca-Mg kutnahorite and struvite at seawater salinity
conditions. In this case, the amino acid metabolism resulted in a release of
ammonia and CO,. Such release increased the pH and CO3 2 concentration of
the culture medium, creating an alkaline environment where saturation is

reached and thus carbonate precipitation occurred. It has also been suggested
that specific attributes of certain bacteria promote calcium carbonate
formation [6]. Precipitation of carbonates may thus be related to
heterogeneous nucleation on negatively charged bacterial superficial structures.
Furthermore, the nature of the organic matrix determines which ion is
preferentially adsorbed and, consequently, which mineral phase is formed.
Bacterial carbonate precipitation could therefore be strain specific. In this
sense, a significant characteristic of the Idiomarina genus is its uniquely high
content in odd-iso-branched fatty acids, suggesting that this particular
membrane characteristic could induce Ca-Mg kutnahorite production. In fact,
this production is not related to the medium composition since other bacteria
also cultivated in the MM medium did not produce this mineral. In this regard,
the precipitation of Mg-Ca kutnahorite by the investigated Idiomarina strains
strengthens the hypothesis that the precipitation of a carbonate with a
dolomite-type-ordered structure aso occurs in marine environments at
standard salinity [4]. In the case of sulfate precipitation by M. xanthus,
crystal growth evolves from spheres to aggregates in which barite crystals
become visible. The initial phase is a P-rich precursor phase, which suggests
that phosphoryl and carboxyl groups in the structural polymers of the cell
wall outer membrane may be sorbent constituents, which play an important
role in the precipitation process [5]. These results were the first to indicate
that barite precipitates in bacterial cultures, and the results support the
hypothesis that the origin of this mineral may be bacterially mediated. Such
precipitation suggests that in marine environments, bacteria may enhance
barite production by providing nucleation sites and by producing crystal
growth. This is, however, only an initial approach for future investigation
regarding the role of bacteriain the Ba biogeochemical cycle.
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Abstract

High-resolution swath data acquired using ship-borne and near-bottom multibeam systems have considerably increased our
knowledge and understanding of active sea floor processes in the Mediterranean Sea. Swath mapping of large areas with ship-borne
systems has revealed the regiona distribution of seabed seepage structures in particular across the Eastern Mediterranean Sea deep-
sea basins. Near-bottom multbeam data have revealed remarkable details of seabed features resulting from the expulsion of mud, fluid
and gas. The latter data amost bridge the gap between ship-borne data and visual observations, and have been especialy useful for

planning in situ observations, measurements and sampling.
Keywords: Eastern Mediterranean, Swath Mapping, Mud Volcanoes

Multibeam seabed surveys conducted during the last decade in the
Mediterranean Sea [1] have modified our understanding of the active geological
and related biological processes that impact the seafloor of this oceanic space
over time. One of the most spectacular results concerns the numerous seepage
structures mapped and studied on the sea floor of the Eastern Mediterranean Sea,
within two different tectonic settings: (a) tectono-sedimentary accretionary
wedges (the Calabrian Arc and the Mediterranean and Florence rises) resulting
from subduction of Africa beneath Europe [2] and (b) passive margin segments
(particularly off northern Egypt) that have been the locus of huge sedimentary
accumulations since Mesozoic times [3]. In this presentation, we briefly discuss
and illustrate different types of data obtained using swath multibeam systems
operated at different frequencies, and the potential level of interpretation they
are providing to better image, study and understand the various fluid expulsion
features and processes within the Eastern Mediterranean Sea. Multibeam
systems provide two types of swath data: morpho-bathymetric data, and
acoustic reflectivity (also often called backscatter or acoustic imagery). Swath
data may be acquired using either ship-borne systems, typically located on
research vessel’s hull, or at much higher resolution using systems operating at
near-bottom depths (10 to 50 m above the seabed), carried by Autonomous
Underwater Vehicles (AUV) [4] or Remotely Operated Vehicles (ROV) [5]
(Figure 1). - Swath bathymetric and acoustic imagery from ship-borne systems
have alowed regional mapping of extensive fields of fluid escape structures, only
some of which were previously known from either standard bathymetric
mapping or discontinuous sonar studies. Compilation of data from numerous
multibeam surveys [1] have provided regional maps at various scales (DTMs
with pixel sizes ranging from 30-500 m depending on the area and the system
used), which reveal the regional distribution of relatively large-scale features (a
few hundred metres up to several km in diameter, and a few tens metres in
elevation) such as mud volcanoes, mud flows, gas chimneys and calderalike
features [2,3]. These results have afforded insights into the relationship between
seepage structures and the regional tectonic framework. For example, a clear link
between back-thrusting and the distribution of mud volcanoes on the
Mediterranean Ridge implies a fundamental role of tectonic lineaments as
conduits for mud and fluid expulsion [2]. Similarly the non-random distribution
of gas chimneys along the Egyptian continental margin may be explained by
specific regiona characteristics such as the presence or absence of underlying
seals (Messinian salt deposits), the occurrence or lack of buried organic-rich
deposits, and the re-activation of former fault zones [3]. In addition to regional
mapping, ship-borne swath data have provided the necessary morphologic and
acoustic backgrounds to better locate“in situ” studies of active fluid seepage
using manned submersibles (e.g. the Nautile from Ifremer) [5] and/or ROV's (the
Victor from Ifremer or the Quest from Marum) [4] - High-resolution swath data
from near-bottom multibeam systems were first recorded over seabed seepage
features in the Mediterranean Sea only 4 years ago (at least on the academic
side). On the Egyptian continental margin, the first use of a multibeam system
mounted on an Autonomous Underwater Vehicle (AUV) alowed the
construction of morpho-bathymetric and backscatter maps with 1 m pixel
resolution from mud volcanoes in water depths of 1200 m [4]. Elsewhere on the
Egyptian margin, maps with pixel sizes of 30 cm have recently been obtained
using a ROV over two active mud volcanoes in water depths of 3000 m. These
data provide new insights into the functioning of fluid escape structures and
facilitate in situ samplings and measurements at high accuracy. The acquisition of
seafloor bathymetric and acoustic imagery of such high-resolution almost fills the
gap in spatial scale between conventional ship-borne multibeam data and in situ
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direct or video observations made from submersibles or remotely operated
vehicles.

Fig. 1. 3D high-resolution bathymetry view of “ Chephren” twin mud volcanoes
(1m grid) by 3000 m water depth (Northern Egyptian Margin) acquired with a
multibeam mounted on the Victor ROV and operated at 400 kHz.
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Abstract

The continental slope offshore the city of Nice was investigated in 2006 and 2009 using an AUV operating a multibeam EM2000
system. Abundant evidences of past and more recent failures were identified. Processes of flow transformation were also deduced
from the changes of seafloor morphology suggesting that rapid processes of transformation of cohesive debris flows into turbulent
flows occurred over short distance, less than 6-8 km downslope from the scars.

Keywords: Ligurian Sea, Swvath Mapping, Sediment Transport, Deep Sea Processes

Submarine failures are probably the sedimentary process which has the
strongest impact on the erosion, shaping and evolution of continental slopes
through time. Large-scale failures of volumes exceeding severa hundreds of
km3 are fortunately rare, with a return period of several thousands of years or
more. Small-scale failures with volumes of several hundreds of m3 are still
difficult to detect using conventional geophysical tools but are probably much
more common, as return periods of 5 years or less have been evaluated where
repetitive surveys were conducted (Smith et al., 2007). Thus, repetitive small-
scale failures could also have a strong impact on the evolution of continental
slopes over a short time, and lead to the deposition of high-frequency
turbiditesin the deep basins.

For marine environments, valuable geohazards and risk assessments require
the precise identification of the different types of slope instabilities and
evaluation of their recent or past activity, recognition and discrimination
between several pre-conditioning and triggering factors (Locat, 2001).
Identification of potential areas where slope movements could be triggered
requires data whith higher resolution than those classically used until now in
marine geosciences researches. Similarly, return frequency and triggering
factors of slope failures are usually deduced from the study of past and buried
landslides. It is then speculated that return frequency and triggering factors of
future, present-day and past landslides are similar, but without any certainty.
To address the problems of small-scale morphology of failures, recent
triggering of landslides and volumes of dlope deposits that could be
remobilised during a failure event, the continental slope offshore the city of
Nice was mapped in 2006 and 2009 using an AUV (Autonomous Undersea
Vehicle) operating an EM 2000 multibeam system.

The Nice slope is areal natural laboratory to investigate submarine landslides
and gravity-flow processes. Using classical EM300 bathymetry (spatial
resolution of 25 m) collected in the frame of the MALISAR project, 150-200
scars with volumes less than 8 x 108 m3 were identified on the continental
slope from the shelfbreak to awater depth of 1200 m (Migeon et al., Soumis).
The HR bathymetric data (spatia resolution of 2 m) collected on the Nice
slope using the AUV during the AUVGEO and MALISARA4 cruisesreveaed a
greater number of failure-related scars with several morphologies: some scars
are themselves affected by retrogressive processes of erosion, suggesting
failures were triggered a long time ago, while some scars are still steep with no
evidence of post-failure erosion, suggesting they could have been triggered
recently. Downslope from the scars, seafloor exhibits the presence of
abundant blocs, 5-m high and 40-m wide as an average, then well-developed
asymmetrical waves, 1-m high and 20 m in wavelength as an average. Such
evolution could evidence the transformation of the deposits reworked in the
scars into cohesive debris flows responsible for the transport of blocs of
undisturbed sediment, then into turbulent flows responsible for the
construction of the waves. Such transformation took place usualy in less than
6-8 km. In the areas of the continental slope where AUV data were collected
in both 2006 and 2009, changes of the seafloor morphology were always
identified. They consist in the apparition of new sacrs 10-20-m high or in the
refreshing of pre-existing scars. These observations reveal the failure processes
on the Nlce slope are still active over very short periods of time.
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INVESTIGATING THE ROLE OF MECHANISMSLEADING TO STAGNATING DEEP WATER IN THE
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Abstract

An ocean general circulation model is used to study the effect of several mechanisms that could have led to to stagnating deep water

and thus formation of sapropels in the eastern Mediterranean.

Keywords: Paleoceanography, Circulation Models, Sapropel, Eastern Mediterranean

During the early Holocene, the Mediterranean circulation has undergone
considerable changes. These changes are reflected in the occurrence of organic-
rich marine sediment (called sapropels) in the eastern Mediterranean, which
indicate the presence of oxygen depleted deep waters. The relative isolation of
the basin together with a good coverage of available proxy data make this
region an ideal test bed for modelling past climate changes.

The work presented here is a first step towards elucidating the mechanisms
responsible for the formation of the sapropels. A regional version of the ocean
genera circulation model MPIOM (has been set up for the Mediterranean.
This model was forced with daily atmospheric data derived from equilibrium
time dice simulations with the global coupled atmosphere-ocean-dynamical
vegetation model ECHAM5/MPIOM/LPJ (Mikolajewicz et al. 2007) for
9000 years before present. As the forcing data set has a length of 100 years,
interannual as well as decada variability are contained in the model forcing.
The model derived river-runoff and ocean hydrography were used as
additional forcings, the latter used as boundary condition at the Atlantic
margin of the regional ocean model. Starting from homogeneous water, the
model has been integrated for several centuries until a quasi-steady-state was
reached. For the early Holocene, the runoff from the Nile is increased in
comparison with present day conditions due to the enhanced African
monsoon. The Bosphorus is assumed to be closed for this time period. These
changes in freshwater input largely compensate each other in their effect on
the upper-ocean salinity in the Levantine basin. The amplified seasona cycle
with reduced incoming short-wave radiation in winter leads to a genera
cooling. The enhanced summer warming is restricted to the uppermost layers.
The model simulates the Adriatic as the main source of deep water for the
eastern Mediterranean. Convection in the northern Aegean is strongly
enhanced. Deep water ventilation rates show a marked decada variability due
to variations in the forcing. The obtained steady-state for 9000 years before
present serves as baseline state for several perturbation experiments, which
aim at elucidating potential mechanisms leading to stagnant deep water in the
eastern Mediterranean. These experiments show that a sudden onset of an
outflow from the Bosphorus or and or a sudden surface warming due to a
reorganization of the Atlantic meridional overturning circulation are more
effective to reduce the deep ventilation of the eastern Mediterranean, than a
gradual freshening of the inflow from the Atlantic due to melting ice sheets.
The vertical mixing reduces the effect of the initial perturbation and ventilation
of the deep water slowly increases. An initia perturbation is sufficient to
produce stagnant deep water for several centuries. In order to keep the deep
water stagnant over several millennia, a strong initia perturbation needs to be
combined with a weak, but permanently acting change forcing, eg. the
freshening due to the melting ice sheets.
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INTRAANUAL VARIABILITY OF BIVALVIA ASSEMBLAGESIN THE TRANSITIONAL COMMUNITY OF
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Abstract

Present study is a part of comprehensive investigation of the soft bottom benthic communities in the northern Adriatic circalittoral
zone. The goa of this study was to estimate intraanual dynamics of Bivalvia assemblages in the transitional community of detritc
bottoms. Bivalvia assemblages structure was determined by the presence of 58 species, dominance of Nucula nitidosa, Phaxas
pellucidus, Tellina distorta, Thyasira flexuosa, Kurtiella bidentata, and diversity ranged 19-31 species or 3,37-4,13 hits./ind. The

results indicated abundant, diverse and stable community.
Keywords: Adriatic Sea, Bivalves

Introduction

The mgjor part of the Adriatic Sea bottom belongs to the circalittoral zone and
nearly al of the area of the mobile bottom is of the costal detritc type [1]. In
this zone, variability of abiotic parameters is less pronounced than in the
shallow infralittoral. Such environment support sustainable and stable benthic
communities if strong environmenta gradients and/or disturbance are not
present. However, the northern Adriatic Sea is characterized by the full range of
features associated with sensitive marine ecosystems, including temporary
oxygen depletions [2, 3]. The community considered in this paper experienced
heavy disturbance due to anoxiain 1989 [3, 4], but from that time severe oxygen
crisis was not repeted [5]. Macrobenthic fauna and Bivalvia assemblages, in
particular, are considered as very good indicators of ecocystem instability. In
order to assess stability of transitional community of detritic bottoms,
intraanual dynamics of Bivalvia assemblages was studied.

Materialsand Methods

Bottom samples were collected with a 0,1 m2 van Veen grab (five replicates) at
sampling station SJ 007 (45° 17,0'N; 13° 16,0'E) in the northern Adriatic Sea
from February 2003 to January 2004. This site is caracterized by depth 31 m
and silty-sand type of sediment dominated by fine and very fine fractions [3].
Benthic biocoenosis is classified according Pérés and Picard [6] as transitional
community of detritic bottoms [7]. The material was treated according to
standard field and laboratory procedure: sieving (1 mm mesh), fixation
(neutralized 4% formalin and 70 % ethanol), sorting and counting of macrofauna
[8]. Collected bivalves were counted and identified to the species level [9]. The
bivalve assemblage structure was analyzed with the PRIMER v. 5 software
package [10].

Results and Discussion

A total of 58 species belonging to 25 families were recorded. Classification
analysis based on Bray-Curtis similarity matrices separated three group of
samples with moderate to high affinity (Q=53-75%), associated with higher
(>15 °C), intermediate (10-15 °C), and lower near-bottom water temperatures

(<10°C), Fig. 1.
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Fig. 1. Hierarchical classification of samples. The &ffinity level based on Bivalvia
assemblages structure was expressed as % of faunistic similarity among months

The global ANOSIM test showed significant differences (R=0,186, p=0,1%) in
assemblages structure between months but without a clear seasonal pattern
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(Tab. 1). In order to examine intraanual diversity changes, several univariate
indices were calculated (S, d, J, H’). Statistically significant differences were
found only for abundance values between March and May and for Shannon-
Wiener diversity index between March and July, at p<0,05 level. Compared
with results of previous study, provided at the same site in disturbed and
unstable environmental conditions [3], this study revealed rather high values of
univariate indices as well as its low intraanual variability. This investigation
figured out rather abundant, diverse and stable Bivalvia assemblages with no
clear seasonal distribution and thus, suport the hypothesis of sustainable and
stable benthic community.

Tab. 1. Results of ANOSIM test (R=0,186, p=0,1%). Statistically significant
differences between pair of months where indicated with asterisk (*).

FEB MAR MAY JUN JUL AUG SEP OCT NOV JAN
FEB -

MAR 678 -

MAY 66,8 632* -

JUN 664 629 699 -

JUL  709* 642* 724 684 -

AUG  60,0* 53,3* 740 70,9* 71,9 -

SEP  57.9* 57.1* 61,6* 717 632* 711* -

OCT 57,0 564* 70,4 675 672 733 749 -

NOV 61,1 57.0* 70,6 690 668 653* 710 722 -

JAN 639 604* 664* 728 681 694 703 738 734 -
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Abstract

Rapid climate variability in the Western Mediterranean for the last 4000 years is reconstructed using high resolution marine sediments.
Fluctuations in chemical and mineralogical sediment composition are linked to fluvial-eolian input and redox conditions coinciding with
wet (Roman Humid Period, Medieval Warm Period) and dry (Little Ice Age, Late Bronze Age-Iron Age) periods. Such oscillations
support the coupling of the Mediterranean climate with the North Atlantic climate system.

Keywords: Western Mediterranean, Alboran Sea, Paleoceanography, Geochemistry, River |nput

Introduction Rb/AIX10* REE/AIX10*
Although relatively more attention has been traditionally devoted to major w0 e w0 = 2 2
climate changes during the last glacia cycle, the Holocene has also been

punctuated by significant rapid climate variability including polar cooling, ===
aridity and changes in the intensity of the atmospheric circulation [1]. During
the Late Holocene (last 4000 years), the Medieval Warm Period (650-1150 cal.
BP) and the Little Ice Age (150-650 ca. BP) have been the best identified
climate fluctuations worldwide[2]. Previous work has revealed that Western
Mediterranean is a highly sensitive area to abrupt forcing at millennial scales
during the last glacia cycle ([3], [4]), supporting its link with the North Atlantic
ocean-atmosphere system. The aim of this work is to reconstruct the
palecenvironment of the last 4000 yrs based on a multi-proxy approach that z
includes major and trace element-content and mineral composition of marine
sediment records.

Age(cal. BP)

[

Material and methods

Two gravity-cores (305G, 306G) recovered during the Training Through
Research Cruise 14, Leg 2, in the East Alboran Sea basin in 2004 have been N =
selected. Both cores were sampled a 1 cm thick slices, to obtain a high “ Baaxit o A
resolution record of the last 4000 years. Samples were air-dried and

LBA-IA

homogenized to carry out mineralogical and geochemical analyses: X-Ray Fig. 1. Detrital proxies from core 305G. Light grey bars indicate dry
Diffraction, Transmission and Scanning Electron Microscopy, Atomic periods (LIA= Little Ice Age, LBA-IA= Late Bronze Age-lron Age) and
Absorption and Inductive Coupled Plasma-Mass Spectrometry. Grain size was dark grey bars indicate humid periods (MWP= Medieval Warm Period,

also determined as a cumulative mass percentage using Sedigraph. The age-depth RHP= Roman Humid Period).
model has been based on six 14C-AMS dates performed on planktonic

foraminifera (Globigerina Bulloides) extracted from the >125um fraction.

Redundancy analyses of the datasets were carried out using the R software.
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MODELE MATHEMATIQUE CONCERNANT LE TRANSPORT ALLUVIONNAIRE PAR LE DANUBE VERS
LA MER NOIRE
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Abstract

On considére un modéle mathématique pour le transport aluvionnaire. Le modéle est basé sur I’ équation de convection-diffusion de
I"écoulement non permanent. Les équations sont intégrées numériquement a |’ aide d’ un schéma de différences finies.

Keywords: Water Transport, Models

Introduction

On présente un modele mathématique pour le transport aluvionnaire en
courant naturel dans différentes conditions. Parmi les processus impliqués
dans ce phénoméne, on préte une attention spéciae au transport alluvionnaire
par |"eau courante et son interaction avec les sédiments de fond. Le modéle est
basésur leséquations de Saint-Venant, caractéristiques du mouvement
unidimensionnel non permanent des fluidesa surface libre et I’équation de
convection-diffusion.

Modele mathématique concernant [I'écoulement unidimensionnel
non permanent avec la surfacelibre.
On applique les équations de Saint-Vénant :

0z 0*Q

ot = 9z
0Q_ Qo QoA wQIQl Q0 .
ot " Ao~ Ao VAR T TV

ou: V — vitesse moyenne en section, g— accélération de la gravitation, A —
surface de la section transversale, x — distance au long de I’ écoulement, t—
temps, z- cote de la surface libre, Q- débit qui passe par une section
d'écoulement, B - largeur moyenne, R —rayon hydraulique, n — coefficient de
Manning [1].

Les déversements en mer posent un important probléme de pollution lié a
I"accroissement local de la turbidité et au dépot de sédiments sur le fond. La
turbidité, associée a la concentration de particules solides en suspension,
provogue une extinction plus rapide de lalumiére solaire et une réduction de la
synthése chlorophyllienne.

Dans les mers peu profondes, on se limite généralement a I'éude de la
concentration moyenne dans la colonne d'eau et de la concentration du dép6t
sur le fond.

L’ équation décrivant I’ évolution de la concentration moyenne des suspensions
est obtenuea partir deséquations de dispersion tridimensionnelles par
intégration sur la profondeur. La moyenne sur la profondeur des termes
quadratiques de convection donne deux contributions: la premiére contient le
produit des moyennes, la seconde, la moyenne du produit des déviations
autour de la moyenne. Cette seconde contribution a une structure analogue a
celle des tensions de Reynolds et les expériences montrent qu'elle est
effectivement responsable d'une dispersion turbulente, mais souvent beaucoup
plus intense. Cet effet porte le nom "d'effet cisaillant” [2] parce qu'il est liéa
I'existence d'un gradient vertical de vitesse. Il aété décrit par de nombreux
auteurs dans des conduites, des canaux ou des estuaires. Dans ces cas, |'effet
cisaillant apparait apres intégration sur toutes sections droites de I'écoulement
et se traduit par un terme de dispersion longitudinale dans une équation de
diffusion unidimensionnelle. Le mécanisme de diffusion est essentiellement
bidimensionnel et les modeles établis pour diffusion doivent étre généralisés
[3].

Les particularités de I équation de dispersion (présence de dérivées croisées et
du terme de sédimentation, dominance des termes d advection) imposent
I" utilisation d’ une méthode numérique spéciae [4] et [5].

Résultats et Discussions

Dans le cas du fleuve Danube, le cours entre Tulcea et la Mer Noire, les débits
liquides varient entre 5 000 m3/s et 12 000 m3/s, tandis que les débits solides
entre 10kg/s et 22 kg/s. Le diamétre granulaire varie entre 74 et 100
micrometres. Dans |’ évaluation des résultats, on a tenu compte du relief du lit
du Danube, de la granulométrie, ainsi que d autres parametres hydrauliques
(vitesses d'écoulement, pente hydraulique, coefficient de Maning, rayons
hydrauliques des sections tranversalesdonnées). Les résultats théoriques
concordent avec les observations accumulées lors des campagnes
d’ observation organisées dans le cadre d'un programme national roumain sur

I’ environnement.
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Abstract

The joint analysis of the data of iron and manganese species distributions (dissolved Fe(ll) and Fe(l11), dissolved Mn(ll), dissolved
bound Mn, particulate Fe and Mn) obtained in the Black Sea and the Oslo Fjord alowed to reveal the common features, that testify
the similarity of the mechanism of the redox layer formation in these regions.

Keywords: Black Sea, Redox, Vertical Profile, Metals, Anoxia

Distributions of chemical parameters in the redox zone were studied in the
Black Sea (northeast region, centra and coastal parts) and Oslo Fjord
(Bunnefjorden and Baerumsbassenget), during spring-summer 2008 and 2009.
The specific features of the hydrochemical structure observed in the studied
objects are summarized in Table 1.

Tab. 1. Parameters of Mn and Fe distributions in the redox zones of the Black
Sea and the Oslo Fjord

Black Sea Oslo Fjord
Center Periphery Bunnefiorden | Baerumsbassenget
stable enhanced flushing ones anoxygenic
Main features hydrophysical | mixing due to per several photosynthesis and
structure RIM current years river inflow
Depth, m i« 2100/ 70-90 | 500/ 140-155 160 / 80-80 31/16-23
max / redox interface
Thick f
oxness o 10-17 0-12 14 16
suboxic zone, m
c(Mn_diss)max, uM 8-9 7-8 8-10 4-4.6
c(Mn_part)max, uM 0.2-04 1-2 1.3-2.1 0.71
c(Mn_bound)max, 18 0.5 1 06
uM
grad(Mn_diss)max, 0.55 04 14 55
uM/m
c(Fell)max, uM 0.34 0.45 0.33 0.4-1.4
c(Felll_diss)max, uM 0.08 0.05 0.03 0.04
c(Fe_part)max, uM 0.15-0.29 0.22-048 0.18-0.22 0.60-0.85
grad(Fell)max, 510 5 19 500
nM/m

Iron and manganese species distributions and redox zone structure at al are
very similar in the Black Sea and the Odo Ford/Bunnefjorden. The
abnormality of the biogeochemical structure in the Baerumsbassenget can be
connected with the influence of a river or/and anoxygenic photosynthesis,
because this redox interface is in a very shallow position, about 20 m. The
suboxic zonein this fjord has areducing character [1].

Our investigations demonstrated that Mn bound in stable complexes with
hypothetically organic matter or pyrophosphate is observed in the redox zones
in significant concentrations (up to 2 uM) [2], and is likely presented by Mn
(111), an intermediate product of Mn(ll) oxidation. On the base of the recent
data obtained in the 100t cruise of RV “Professor Shtokman” (March-April,
2009) it was found that the bound Mn could exist in two forms— colloidal
(0.02-0.40 um) and truly dissolved (<0.02 um) that perhaps results from
complexing with different types of ligands. Bound Mn in colloida form
amount to 50-90% of total bound Mn in coastal and central parts of the Black
Sea respectively.

Redox interfaces are characterized by a formation of a so-caled “ phosphate
dipole” with a minimum above the sulfidic boundary and a maximum just
below, with a steep increase in concentrations between the two. The
hypothesis that P and Mn cycles are interconnected by the formation of
complexes between Mn (I11) and P-containing ligands can explain the presence
of the shallow phosphate minimum above the sulfide-interface [2, 3]. The
presence of the deep phosphate minimum (below the sulfidic boundary) is
probably due to the formation of P-containing iron particles [4]. This dipole
structure serves as a geochemical barrier that decreases the upward flux of
phosphate from the anoxic layer.

Modeling results shown that exactly manganese cycle (formation of sinking
down Mn(1V) and presence of dissolved Mn(I11)) is the main reason of oxygen
and hydrogen sulfide direct contact absence [3]. The model experiments
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enabled the role of a number of factors (amount of Mn, intensity of mixing,
sinking rate, anoxygenic photosynthesis) to be assessed [1]. We suggest that in
nature all the factors analyzed are not constant and can vary from region to
region and from time to time. Their exact combination results in the shape of
the distributions of the observed parameters.
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Abstract

We present the first obtained time series of a monitoring project studying a submarine groundwater discharge (SGD) in Kalogria Bay,
Greece. During a previous survey in the area, salinities ~1-2 were detected. The emerging flow and the physical characteristics of the
upwelling water are recorded by means of a rotor flow meter and a CT probe. Both were deployed on a metallic frame which was
placed at the sea bottom inside a karstic cavity. Salinity values between 20 and 36 have been recorded, indicating a brackish water
outflow during the dry season of the year (July-October 2009). The water outflow exhibited velocities ranging from 8 to 28 cm/sec.

Keywords: Salinity, Monitoring, Brackish Water, Eastern Mediterranean

Submarine groundwater discharges (SGDs) are detected in many coastal areas
on a global basis and today they are recognized as important factors of land-
ocean interaction, with potential socioeconomic benefits [1]. In the
Mediterranean Sea, they are traced mainly along coasts with karstic structures
within the inland coastal zone [2]. In December 2006, an expedition carried
out on board the R/'V AEGAEO of the Hellenic Centre for Marine Research,
visited the eastern Messiniakos Gulf coasts around the Kalogria-Stoupa
marine area (SW Peloponnissos). A CTD probe, carried by a diver inside a
submarine karstic cavity, where groundwater discharged, recorded sdinities
~1-2 a a water depth of ~25 m. The low sdinity encouraged a monitoring
project in prospect of exploitation of the discovered fresh water. In July 2009,
a flow meter (model Sensordata 6000), and a conductivity-temperature (CT)
recorder (model SBE-37) were deployed, attached on a stainless-steel frame
close to the sea bottom inside the cavity. The instrumentation is scheduled to
be recovered for
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Fig. 1. Salinity fluctuation near the disharge point.

maintenance and data uploading from time to time, usualy a monthly
intervals. Figure 1 shows salinity variations during the first two deployments,
from 22 July 2009 to 8 October 2009. The main feature observed is the
relatively high salinity values, when compared against the value of sainities
~1-2, which were recorded in December 2006. Salinities fluctuate between 20
and 36, accompanied by a persistent high frequency oscillation with an
amplitude range between 2 and 6. Another characteristic is that the oscillation
amplitude is fluctuating proportionally with the salinity. As salinity values
decrease, the oscillation amplitude is apparently reduced. We can also observe
the remarkable jump in salinity vaues between the recovery and
redeployment of the CT probe on the 15 of September (Fig. 1). This sudden
rise could be primarily attributed to the very low discharge of the SGD (dry
period, summer-early autumn), which results in an extremely unstable
turbulent regime around the discharge point, and secondly to a possible slight
different position of CT probe after the redeployment. The latter could be
related to a possible rotation of the frame, and a consequent dlight increase of
the distance from the water discharge point. Another possible explanation
could be attributed to external factors associated with the local circulation
patterns. The coastal sea current may drive the upward flow and cause a
declination from the vertical direction. Such persistent sea currents prevail at
times in Messiniakos Gulf with their maximum speed occurring near the
coastline [3]. However, still this jJump remains unclear, since the temperature

56

variation does not exhibit a similar behavior, but a normal transition between
the 1%t and the 2" deployment period. Contrary to salinity, temperature
follows a normal fluctuation with the highest values of 24-26 °C occurring
during the last days of August. The strong turbulence aso affects the
temperature variation with a constant oscillation amplitude of 2-4 °C. As far
as it concerns the flow measurements, the values recorded during the first few
days of the deployment, they were between 20-27 cm/sec. Unfortunately, an
instrument malfunction truncated the first deployment period to atotal length
of only 4 days (30 minutes interval). To ensure a total coverage of the
deployment period during the second deployment, a pair of flow meters were
installed on the frame, one at the same position as the previous, and another
one exactly at the base of the frame. The latter covered the period from 2 to 15
September 2009, and the span of useful data was limited to the half of the
deployment period due to a blockage of the rotor by a coarse sand grain with a
diameter of 1-2 mm. During that period, upward water flow velocity ranged
from 18 to 24 cm/sec, with an ascending trend during the last days of
recording. In order to extend the recording period, the upper flow meter was
set to take measurements at a time interval of 3 hours. This flow meter
provided a useful period of flow velocity records until 30 September 2009,
with velocities strongly fluctuating between 8 and 28 cm/sec. A spectra
analysis performed to the flow measurements highlighted both diurnal and
semidiurnal peaks of the power spectral density. This is expected, as in
generadl the SGDs can be modulated by the prevailing tidd regime [4]. In
summary, the obtained monitoring data demonstrate a strongly turbulent and
unstable SGD, regulated by the geomorphologic (karstic) structure of the
coastal zone and modulated by factors as the local yearly precipitation cycle
and the tidal regime. Continuous monitoring of the SGD will reveal in detall,
the annual cycle of the discharged water velocity, volume, and salinity
variations, since they are the crucial parameters for the potential exploitation
of the outflowing water. In summary, the obtained monitoring data
demonstrate a strongly turbulent and unstable SGD upflow, regulated by the
geomorphologic (karstic) structure of the coastal zone and modulated by
factors as the local yearly precipitation cycle and the tidal regime. The
monitoring of the SGD will reveal in details, the annua cycle of the upward
flow and the salinity fluctuation since they are the crucia parameters for
exploiting the upwelling water.
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Abstract

Active methane seeps are present at the sea floor in the Eastern Mediterranean and Marmara Sea. The flow rate, temperature anc
chemistry of venting fluids differ largely from one site to another, depending on the source and depth of fluids. We present here the
mineralogical and stable isotope compositions of carbonate crusts and concretions that were precipitated at or close to the sea floor
and have registered the great variability of the fluids from the Mediterranean Ridge, Nile Deep Sea Fan and Marmara Sea cold seeps.
Keywords: Bacteria, Eastern Mediterranean, Marmara Sea, Deep Sea Processes, Mud Vol canoes

Active cold seeps in the Eastern Mediterranean were described since years
80's and their study was completed by deep-sea observations and sampling
during oceanographic cruises using submersibles (MEDINAUT in 1998,
NAUTINIL in 2003, MEDECO in 2007). In the Marmara Sea, cold seeps
were observed in 2002 during the MARMARASCARPS cruise with ROV
dives [1] and they were sampled using the submersible Nautile during the
MARNAUT cruise in 2007. A few articles refer to the carbonate crusts from
the MEDINAUT and NAUTINIL cruises [2],[3].[4].

Methane-rich fluids venting at sea-floor through geological structures as mud
volcanoes, pockmarks and faults support specific chemosynthetic ecosystems
where the microbial communities are particularly active in the carbon and
sulfur cycles. The most important microbial process involved in these
environments is the Anaerobic Oxidation of Methane (AOM) that is coupled
with Bacterial Sulfate Reduction (BSR). During this process, the methane
contained in the advected fluids is oxidized by the sulfate ions provided either
by diffusion from bottom seawater or by advection of sulfate-rich brines.

The overall reaction describes the transfer of oxidized and reduced carbon and
sulfur components:

3CHy + 35042 + Ca2* --->3HS + CO, + HCO5 + 4H,0 + CaCO4
Carbonate and sulfide minerals are the two most important by-products of
this reaction; their mineralogy may vary, depending on the cations and metal
elements that are available in the fluids. Calcium carbonates (aragonite, calcite
and magnesian calcite) dominate, especialy in the upper sediments whereas
magnesium-rich and iron-rich carbonates (dolomite, ankerite, siderite) increase
progressively at depth.

The oxygen and carbon isotopic compositions of the diagenetic carbonates
display very wide ranges that define three groupings :

1] The Mediterranean Ridge: the carbonate crusts are characterized by 513C
values mostly in the range from -15 to -30%. and more rarely down to -45%o;
they include the highest 5180 values (from 2.4 to 7.1%).

2] The Nile Deep Sea Fan : the carbonate crusts display generally lower 513C
values than the previous grouping, from -25 to -41%o; the range of 580 values
is relatively narrow (2.4 to 4.8%o), except rare outlier lower values (-0.5 to
1%o).

3] The Marmara Sea : the carbonate crusts show the largest range of 913C
values from-13 to -47.6%o ; the range of 9180 values is shifted to negative
values (3.6 to -2.1%o).

The very low 313C values of diagenetic carbonates at all cold seep sites
confirm that they are methane derived; the close association of carbonate with
pyritein the diagenetic crusts as well as biomarker proxies indicate that AOM
was operating in conjunction with BSR.

The 580 values of carbonates mostly reflect isotopic equilibrium with the
present-day bottom sea water; the heaviest 9180 values from the
Mediterranean Ridge are explained by the contribution of 180-rich fluids
originating from clay mineral dehydration at great buria depth; the lowest
0180 values are due either to high heat flow in Amon mud volcano or to the
contribution of brackish fluids in the Marmara sea.
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Abstract

The Calabrian Arc (CA) is part of the most active seismic belt in the Central Mediterranean region and it has been struck repeatedly
by very strong historical earthquakes often associated with destructive tsunami. We addressed CA tectonics through an integrated
geological/geophysical approach which has the potential to reveal if subduction is active, to map location and geometry of magjor faults
absorbing plate motion, and to unravel relationships between tectonics, sedimentation and fluid flow in the accretionary wedge.

Keywords: lonian Sea, Active Margins, Tectonics, Sedimentation, Seismics

The Calabrian Arc (CA) subduction complex connects the E-W trending Sicilian
Maghrebian belt with the NW-SE trending Southern Apennines (Fig. 1) and
develops along the African-Eurasian plate boundary in the lonian Sea.

Fig. 1. Tectonic map of the study area with location of profile CROP M2B.
Tectonic model from [1]. Seafloor bathymetry: GEBCO One Minute Grid.

At the toe of the CA, the thick sedimentary section of the African plate has
been scraped off and piled up along thrust faults. This contributed to emplace a
thick and about 300 Km wide subduction complex represented by a well
developed accretionary wedge, multiple slope sedimentary basins and a seaward
dipping continental backstop (Fig. 2). Although the regional architecture of the
margin geometry has been described through the analysis of high penetration
seismic data [2,3,4], some major questions are still debated: where is located the
outer deformation front marking the Africa/lEurasia plate boundary? What is the
location, nature and geometry of active faults absorbing plate motion? Are there
evidences of the geological record of past catastrophic eventsin the subsurface?
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Fig. 2. Line drawing of pre-satck depth migrated MCS line CROP M-2B across
the CA subduction system.

In order to address these issues we analysed in detail the structure and the
evolution of the externa CA through an integrated multi-scale geophysical
approach that involves the combined analysis of multi-channel and single
channel reflection profiles together with morpho-bathymetric data [5]. The
interpretation of this multi-scale data-set represented the basis for a
geophysical/geological cruise (CALAMARE cruise- Calabrian Arc Marine
Geophysical Experiment) carried out in April-May 2008 with R/V CNR Urania
[6]. We acquired geophysical (high resolution MCS reflection profiles and sub-
bottom CHIRP) and geological data (gravity cores) in three key-areas selected
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through the interpretation of available data (outer and inner deformation fronts
and the western lateral boundary of the subduction complex at the foot of the
Malta escarpment). Sediment cores have been collected above morphological
swells related to argilo-kinetic processes and within sedimentary basinsin order
to apply submarine earthquake geology in the CA and analyze the geological
record of past catastrophic events in the subsurface. We collected well targeted
sediment samples in tectonically controlled sedimentary basins to study the
indirect effects of fault activity (i.e. mass wasting events, sand injections,
turbidites, etc). Sediment cores from the lonian abyssal plain and slope basins
on the accretionary wedge have sampled turbidite sequences which likely
contain a record of the great earthquakes or catastrophic events in the region.
Radiocarbon ages will be obtained from monospecific planktonic foraminiferal
samples above and beneath suspected seismic related deposits, while Pb210 and
Cs137 radiocarbon dating will be applied to selected cores to resolve
sedimentary structures associated with some recent events. If we will be able to
make correlations between the sedimentary record (of earthquake-triggered
submarine landslides or turbidites) and the earthquake catalogue in Southern
Italy, we will try to extend the paleoseismic catalog further back in time. This
approach has the potential to determine which portions of the arc have recorded
catastrophic events in the past and which is the recurrence time of major events
in the different regions of the subduction system. The lack of seismicity along
the CA subduction fault plane (with a characteristic shallow dipping thrust-
type foca mechanism) can mean either that subduction has ceased or that
subduction is active but aseismic or locked. Diverse earthquake scenarios can be
envisioned depending on which of these hypotheses is taken into account and
the implication of each scenario for the hazard facing this region vary widely.
The integrated analysis of the multi-scale geological/geophysical data-set
acquired in the frame of the CALAMARE project has the potential to
reconstruct CA active deformation and improve seismic risk assessment in the
Central Mediterranean region.
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Abstract

Multidisciplinary studies of mud volcanoes at two sites on the Calabrian Arc provide evidence of post-glacial eruptions, and of ongoing
seabed seepage that supports ‘ hotspot’ ecosystems. Mud breccias within gravity cores record at least one extrusive episode since the
last glacial maximum c. 20 ka. Seabed investigations using ROV's document ongoing seepage of gas, at one of the sites associated
with chemosynthetic ecosystems and with localized outflows of warm mud. Gas hydrates are theoretically stable on the Calabrian Arc
and their post-glacial destabilization represents a possible driver of seabed extrusive and seepage activity.

Keywords: Eastern Mediterranean, |onian Sea, Deep Sea Sediments, Mud Vol canoes

Mud volcanoes were discovered offshore southern Italy during the 2005
HERMES-HY DRAMED campaign of the Italian research vessel OGS Explora,
which acquired the first regiona multibeam coverage of the Calabrian
accretionary prism [1]. Many possible seepage sites were recognised [see 2], of
which two were proven to be mud volcanoes through the acquisition of
multichannel seismic data and gravity cores containing mud breccias. Seabed
investigations of these two sites were subsequently undertaken using remotely
operated vehicles (ROVs) during campaigns of the r/v Meteor (M70/1, 2006)
and the r/v Pourquoi pas? (MEDECO, 2007). In this presentation we
summarise evidence for recent eruptions and ongoing seabed seepage.

The two investigated sites lie in water depths of 1600-2300 m on the inner and
central Calabrian Arc. Within the inner Spartivento forearc basin, the Madonna
dello lonio comprises three MV's, twin cones each up to 140 m high and 1.5 km
wide, and a caldera up to 3 km across. On the central thrust-fold belt, the
Pythagoras MV is a single mud pie up to 9 km wide, rising up to 350 m above a
seabed moat. Seismic data grids across both features show the seabed mud
volcanoes to be the tops of extrusive edifices that extend over 1 km into the
subsurface and interfinger with the flanking sedimentary succession above a
regional unconformity of mid-Pliocene age, ¢. 3.5-3.0 Ma[3].

Recent extrusive activity is indicated by sediment cores from the Madonna dello
lonio and Pythagoras MV's that show oxidized mud breccias to lie near seabed,
beneath a veneer of hemipelagic sediments. At the Madonna dello Ionio MV's,
mud breccias have erupted since the last glacial maximum (c. 20 ka), based on
radiometric dating and stratigraphic markers within the hemipelagic sediments.
In the caldera at the head of the Madonna, mud breccias are overlain by
sediments dated to c. 15.5 ka, and appear correlative to a mud breccia lensin a
nearby core 1 km from the edge of the caldera. A younger extrusive episode may
be recorded by mud breccias at the base of one of the twin cones of the
Madonnawhich are overlain by marine sediments dated to c. 2 ka.

Seabed investigations using ROVs (video observations, geotherma probes,
sediment and water samples) provide evidence of ongoing seepage. At both
sites, bottom waters contain methane concentrations 100-200 times normal
background levels. At the Madonna dello lonio, al three MVs have elevated
geothermal gradients, 2-20 times higher than adjacent areas, and fresh outflows
of warm mud were observed on two of the MVs. The tops of all three MVs are
otherwise characterized by a metre-scale relief comprising mud breccia flows
mantled by hemipelagic sediments, the latter exhibiting intense bioturbation in
the form of conical burrows; a 30 cm blade core contained chemolithotrophic
tubeworms (polychaetes) and other fauna consistent with reduced conditions.
At the Pythagoras MV, an area of chaotic seabed, with irregular relief developed
in exposed mud breccias, suggests a recent and violent local extrusive episode.
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Glacia-interglacial changesin sealevel and bottom water temperatures suggest a
possible climatic influence on mud volcanism. Gas hydrates are theoretically
stable on the Calabrian Arc and their post-glacia destabilisation in response to
warming bottom waters could provide a driving mechanism for recent eruptions
and ongoing seepage.
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Fig. 1. Location of investigated sites of mud volcanism on the Calabrian Arc
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Abstract

Climate variability for the last 20.000 years in the western Mediterranean Sea has been reconstructed using geochemical and
mineralogical proxies. An excellent high-resolution record from the East Alboran Sea basin has been analyzed. Geochemical dats
have provided detailed information on paleoclimate conditions and have alowed to establish fluvial and eolian input oscillations during
abrupt climate changes, as well as the paleoxigenation conditions at time of sediment deposition.
Keywords: Western Mediterranean, Alboran Sea, Deep Sea Sediments, Atmospheric Input, Geochemistry

Introduction

Eolian input from the Sahara and other arid regions surrounding the
Mediterranean has provided a considerable amount of dust particles contributing
to the terrigenous sedimentation [e.g., 1]. This contribution was especialy
significant during glacia times when the eolian dust into the atmosphere
increased through intensified surface winds, lower surface humidity and
enhanced desertification [2]. The high sedimentation rates from the westernmost
Mediterranean provide excellent conditions for reconstruction of the eolian
input record at very high resolution and in turn atmospheric response to climate
variability.

Material and methods

A gravity core 293G (402 cm length), recovered in the East Alboran Sea basin
during the cruise Training Trough Research 12 Leg 3 (Lat. 36"10.414N, Long.
2'26.071W, water depth 1840m) was chosen for this study. It contains
hemipelagic sediments composed of homogeneous green-brownish mud with
some shell fragments, foraminifera and bioturbated layers. A continuous
sampling every 1.5 cm was carried out for the interval spanning the last 20 kyr.
Radiocarbon ages and stable oxygen isotope record from planktonic foraminifera
(Globigerina bulloides) have provided a detailed age model. Sediment samples
were analyzed using X-Ray Diffraction, X-Ray Fluorescence and Inductively
Coupled Plasma Mass Spectrometry.

Results and discussion

Preliminary results indicate that the Heinrich event (H1) has been a generalized
cold and dry period as shown by high 180 values and increasing ratio of eolian
input proxies such as Zr/Al, Ti/Al and Si/Al (Fig. 1). In addition, an increase in
deep water ventilation points to the injection of large volumes of freshwater
from melting iceberg that reached the westernmost Mediterranean, causing a
weakened in the Mediterranean thermohaline circulation [3]. During the Bolling-
Allerdd period (B-A), a stable trend in thermohaline circulation is evidenced by
lower oxygen bottom conditions and the oxygen isotope record. Therefore, this
warm and humid period has been characterized by a decrease in values of eolian
detrital proxies, indicanting a weaker atmospheric circulation as also supported
by pollen records from this region [4]. Geochemica proxies also evidence a
particular atmospheric configuration during the Younger Dryas chronozone
(YD). Variations in detrital proxies suggest an increasing fluvial activity at the
onset of this period, which points to a coupling between the hydrological cycle
and the cold atmospheric configuration due to enhanced sporadic rainfalls. More
stable climate conditions characterized the Holocene that is also punctuated by
significant climate fluctuations such as the 8.200 yr cold event.
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Fig. 1. Geochemical proxies profiles versus calibrated 14C ages (Element/Al ratio
for major elements and Element/Al ratio *10"4 ppm for trace elements). Light
grey vertical bar indicates the warm period Bdlling-Allerdd (B-A) timeinterval.
Dark grey bars indicate main cold periods, Younger Dryas (YD) and the
Heinrich event (H1) time intervals. Very short dashed grey arrow indicates the
“8.200 yr” cold event. Greenland Stadiads (GS-1, GS-2) and Interstadials (Gl-1)
are indicated by white horizontal boxes.
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Abstract

Based on a revisitation of the main outcropping Messinian successions on Cyprus, Zakynthos, Crete and of subsurface data from
offshore areas, a preliminary stratigraphic model for the Eastern Mediterranean basin has been reconstructed and compared to the

Western and Central Mediterranean basins.

Keywords: Messinian, Stratigraphy, Evaporites, Eastern Mediterranean

The Eastern Mediterranean record of Messinian eventsis mainly preserved in
deep offshore basins. The limited and scattered Messinian outcrops of
marginal basins offer a unique opportunity to find out a key for interpreting
coeval offshore successions and thus reconstructing the development of the
Messinian salinity crisis (MSC) of this area. This is a fundamental step for
establishing the stratigraphic relationships between western and eastern
Mediterranean Messinian units and testing the MSC two steps/three stages
scenario recently put forward by CIESM [1], [2]. We focussed in particular
on the Messinian successions of Cyprus and Zakynthos. A complete
revisitation of Southwestern Cyprus Messinian basins (Polemi, Pissouri and
Maroni/Psematismenos) led to point out that the local Lower Gypsum unit
actually consists of clastic evaporites associated with subordinate gypsum
cumulates deposited in very shallow depocenters, thus suggesting that only
the second MSC step is here recorded (stages 2 and 3). The basal part of the
unit usualy comprises clastic carbonates (“barre jaune’) containing
resedimented selenite fragments formed during the first MSC step (PLG-
Primary Lower Gypsum). This unit passes upwards to both stratified and/or
chaotic gypsum-bearing clastic deposits. Gypsum cumulates commonly occur
in the intermediate part of the unit; at Maroni the latter deposits show
evidence for precipitation in very shallow water (bird tracks), but no clear
desiccation features have been observed throughout the succession. We
interpret these deposits as a shallow-water equivalent of the RLG unit
(Resedimented Lower Gypsum), defined in western and central Mediterranean
[1], [2] and recording the very short second MSC stage during which large
volumes of halite and K-salts precipitated in deeper basins. These deposits are
conformably overlain by the Upper Gypsum and Lagomare units which are
very similar to their Sicilian equivalents [2], [3]. According to this
interpretation, the base of the local Lower Gypsum unit is actually a regional
unconformity corresponding to the Messinian erosional surface (MES) which
can be traced downbasin in the offshore domain at the base of the deep basin
evaporitic unit (Mobile Unit in [4], [5]). Halite is not preserved in this basin,
but according to the regiona scale considerations [6] it is possible that small
lenses can be found included within the RLG unit. The Zakynthos Messinian
succession shows a complex evaporite distribution largely controlled by
synsedimentary compressive tectonics, very similar to what we have observed
in the Northern Apennines and Sicily [2], [7], [8]. Step 1 Primary Lower
Gypsum cyclically stacked selenites (PLG), cut on top by the MES and
unconformably capped by thin pal eosoil-bearing Lago Mare deposits, occur in
shallow wedge-top basins (Kalamaki section); deeper depocenters formed in
front of the main thrust fronts are characterized by the accumulation of thick
clastic gypsum (RLG), also comprising displaced selenite blocks (Agios Sostis
section). Subsurface data indicate that the RLG unit also contains thin lenses
of halite developed in the more subsiding sectors of the basin(s) (K. Nikolaou,
Hellenic Petroleum, 2009, pers. comm.). These results suggest that, like in the
western and central Mediterranean areas, the eastern Mediterranean record of
the 2nd MSC stage is characterized by the generalized dismantling of first step
primary evaporites (PLG). This was probably triggered by tectonic activity
coupled with sealevel fals during TG12-TG14 glacials which caused a
concurrent short-lasting block of deep Mediterranean water outflow and the
consequent widespread precipitation of halite in deeper basins and of gypsum
cumulates in shallow marginal basins. However, the lack of evidence for
desiccation in the latter settings suggests that the amplitude of the associated
sea-level drop could have been considerably lower than the usually envisaged
1.5 km. A revisitation of available cores suggests that the evaporites included
in the Upper Evaporites seismic unit in both western and eastern deep
Mediterranean basins have mainly a clastic and subagueous nature. Moreover,
the high 87Sr/86Sr values of halite and/or anhydrite recovered from DSDP sites
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374 and 376 suggest that, similarly to what observed for the Lower
Evaporites, the usually envisaged correspondence between the seismically
defined and the outcropping Upper Evaporites units is highly questionable.
These data and observations result in a comprehensive MSC evolutive
scenario based on more reliable stratigraphic correlations between marginal and
deep basins across the western and eastern Mediterranean basins.
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Abstract

The present work reports the main results obtained from a number of different acoustic and video investigations carried out at
different spatial scales within the Mediterranean Santa Maria di Leuca (SML) Cold-Water Coral (CWC) province (south eastern Italy
— northern lonian Seq). The different scale of data sets here presented and discussed vary from small scale maps that resolve regional
geomorphology of the Apulian plateau, to large scale maps provided for one representative site, where video-data, high resolution side
scan sonar mosaic and micro-bathymetry well describe micro-scale variations in mound geomorphologic attributes and associated
habitats.

Keywords: Geomorphology, Svath Mapping, Mapping, lonian Sea, Biodiversity
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which several geomorphic processes are recognized, superimposed on the (Central Mediterranean). Marine Geology, 246, 208-230.

regional large-scale morphology [7]. In particular broad slope erosion, 9 - Vertino, A., Savini, A., Rosso, A., Di Geronimo, |., Mastrototaro, F.,
sediment dliding, block tilting and collapse and prominent downslope mass- Sanfilippo, R., Gay, G., Etiope, G., 2010. Benthic habitat characterization and
movements were identified and drift sedimentation is also recognised aong a distribution from two representative sites of the deep-water SML Coral
centra large ridge [6, 7). Within this dataset CWCs are found aong a depth Mound Province (Mediterranean). Deep-Sea Research I, in press [doi:
belt between 500 and 900 m and in different physiographic settings, although 10.1016/j.dsr2.2009.08.023].
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colonised positive structure (coral-mound) during previous cruises. The
relevant seafloor mapping data here presented, collected at different spatial
scales, show how the large-scale mapped coral distribution and the mound
morphology are well correlated to the environmental controls under which
coral mounds can develop. These results also show how large scale maps can
help in provide a proper assessment on CWC distribution along small scale
maps and therefore show how such methodologies are essentia to
support deep-sea habitat mapping purposes, finding a way to extrapolate
substrate maps into habitat maps based on acoustic proprieties.
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Abstract

Tapes philippinarum harvesting by means of mechanical and hydraulic dredging systems heavily affects the benthic habitats and the
water column as huge amounts of sediments are resuspended. In the present paper the results obtained in three areas of the lagoon of
Venice (Italy) are compared in order to quantify such effects and to highlight the different impacts occurring in the free clam-
harvesting areas against the clam-farming ones. In field the sediment settlement rates were measured by means of sedimentation
traps and the changes of bottom level were recorded by means of suitable devices fixed to the sediment surface. Results proved that
clam-farming areas were affected by a minor sediment loss. In addition, marine seagrasses appeared to significantly favour the

sedimentation and trapping of resuspended particles.
Keywords: Bivalves, Sedimentation, Erosion

Introduction

Tapes philippinarum (Adams & Reeve, 1950) was introduced in the lagoon of
Venice in the early 1980s for economica proposes. In a few years' time it
colonized large lagoon areas triggering an intense and indiscriminate harvesting
activity. Until the late 1990s, harvesting areas, boat efforts and number of
employees were not regulated, producing dramatic consequences for the
environmenta conditions. Since 2000 the local authorities have promulgated a
plan for the management of clam resources in order to safeguard the ecosystem
and to guarantee the maximum sustainable yield [1]. The main ideawas to turn
the free clam-harvesting into clam-farms, identifying suitable areas for this
activity. The present paper aims at describing the effects of both free clam-
harvesting and clam-farming activities on the sedimentation rates and bottom
erosion.

Materialsand Methods

Three areas were identified in the lagoon of Venice: one north of the Venice
historical centre (northern area), the second in the central (central area) and the
third in the southern (southern area) parts of the lagoon. The northern and
central areas were still characterized by free clam-harvesting whereas the third
was among the first licensed zones. Two sites were chosen in each area in
order to have a harvesting/farming area and a control area. In each site a
sedimentation trap, which collects settling sediments [2], and a device, to
measure changes in bottom level [3], were placed. The sites were monitored
monthly from February 2001 to January 2002.

Results and discussion

The results showed that the northern area (Fig. 1), with 268 kg dwt m2y-Lin
the control site and 735 kg dwt m?2y1 in the harvesting site, was affected by
a high sediment settlement so highlighting the strong impact of clam-catching.
As in this part of the lagoon the water residence time is quite high, it can be
considered that the resuspended sediments settled in amost the same zone
where they were removed. On the other hand, the central areais characterized
by a high water renewal, so the resuspended sediments are mainly lost
seawards. In fact, in such area, the annua sedimentation (control: 119 kg dwt
m2 y-1: harvesting site: 282 kg dwt m2 y-1) was, approximately, 2-3 times as
low as in the northern one, although the harvesting pressure was even higher.
In the site of the southern area, where clams are farmed, the sedimentation
rates were not significantly different from the control one (control: 266 kg dwt
m2 yL faming site 257 kg dwt m?2 y1). In the farming area the low
harvesting impact (1 harvest per m2in two years instead than 10-15 harvests
per m?2 each year, as in the free clam-harvesting areas) and the role of
seagrasses to avoid sediment loss were observed to be relevant. In fact,
sedimentation rates were strongly different only in spring, because of seagrass
unrooting inside the farming area, whereas in the other period sedimentation
rates were similar (Fig. 1). In addition, the dense seagrass populations growing
al around the farming area reduced the loss of fine sediments which were
resuspended during the farming activities. Although the different
sedimentation rates observed in the fishing and control areas, al the studied
sites, on a yearly basis, showed an increase of the bottom level and hence a
depositional trend; only few observations had negative values. Because a
significant loss of fine material was recorded in other studies [1, 2, 3], these
results probably depend on the fact that the selected stations were placed in
areas low affected by the lagoon hydrodynamics or inside seagrass meadows.
However, the results show that, in genera, the sedimentationsrates were
significantly higher in the harvesting areas than in the control areas, whereas
no significant differences between the clam-farming area and the control one
were found. The planning of seeding and harvesting activities can be a really
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efficient tool to reduce the sediment resuspension. Moreover, the presence of
seagrass meadows around the clam-farming areas can contrast the loss of fines
reducing the environmental impact of such activities.
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Fig. 1. Seasonal means of the sedimentation rates in the studied areas.
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Abstract

Sedimentological and geochemical characteristics of aragonite-rich sediments in semi-enclosed, karstic, marine lakes on the island of
Mljet (Adriatic Sea), have been investigated. The lakes and their sediments are a unique sedimentological environment characterized
by authigenic formation of aragonite mud in a restricted Mediterranean environment [1,2]. The results have shown that distribution,
diagenesis, and the historical record of the presence of trace metals are mostly dependent on sedimentological processes associated
with the inorganic formation of aragonite, and prevailing physico-chemical conditions.

Keywords: Geochemistry, Trace Elements, Adriatic Sea

Study Area

Veliko and Malo Jezero (the Mljet Lakes) are located in the western part of the
island of Mljet (42° 47" N, 17° 21' E; Adriatic Sea) (Fig.1A). These are two
typical semi-enclosed karst depressions (doline or sinkholes) which were formed
under subaerial exposures, and are today submerged due to the Holocene sea-level
rise [3]. Being connected with the sea, they contain sea water and therefore, can be
termed marine lakes. Due to their depth of 47 and 29 meters, respectively, they
can not be termed lagoons, because these are usualy defined as shallow semi-
enclosed water bodies having depths that seldom exceed a couple of meters.

Materials and Methods

Undisturbed sediment cores were collected at three sampling stations (Fig. 1A) by
an Uwitec gravity corer, and immediately frozen and kept at -20°C until further
analyses were performed. Cores were cut into 2 cm segments and analyzed by X-
ray diffraction, scanning electron microscopy, laser diffraction particle size
analysis, high resolution inductively coupled plasma mass spectrometry, and
gamma spectrometry.
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Fig. 1. The investigated area of the Mljet Lakes with: (A) sampling stations; (B),
SEM microphotographs of needle-like aragonite particles; and (C) framboidal
pyrite in sediments from Malo Jezero (Station 1).

Results and Discussion

The results have shown that sediment cores consist of muddy sediments which,
according to Folk & Ward [4] can be classified as dightly gravely mud (Stations 1
and 2) and gravely mud (Station 2). There were no changes in the granulometric
characteristics in core sediment samples with depth. Samples were mainly
composed of aragonite, calcite, Mg-calcite, and dolomite. However, the ratio of
carbonate polymorphs in surface sediments varied. Aragonite, in the form of
needle-like particles (Fig. 1B), was the most abundant mineral phase in sediments
at Station 1, with approximately 70% in total carbonate content. The vertical
distribution patterns for redox sensitive trace elements, particularly Mo (Fig. 2),
together with the presence, morphological characteristics and size of framboidal
pyrite at the deeper part of core sediments (Fig. 1C), suggest the existence of
euxinic conditions in the sedimentary system in lake history of the Malo Jezero
(Station 1) [5]. Higher concentration of Cu, Cd, Zn, Sn, and Pb in surface
sediments, taken from the sediment core from Station 2, indicates a substantial
increase in their loads in the last 50 years. The only cause for this enrichment
could be anthropogenic activities. However, the measured concentrations still
reflect a relatively low level of anthropogenic metal pollution. The observed high

concentration of Sr, and its distribution in sediments, is directly influenced by
authigenic formation, deposition pattern and the content of aragonite. The
obtained results should help to understand the processes involved in distribution
of trace metals, governed and accompanied by early diagenetic processes and
physico-chemical conditions, in aragonite-rich sediments in the Mediterranean
marine environments.
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Fig. 2. Vertica distribution of redox potential (Eh) and concentration of Mo in
the sediment cores from sampling Sations 1 and 2.
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MUD VOLCANIC ACTIVITY, AND THEIR ROLE IN PALEOECOLOGY.
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Abstract

Our micropaleontological investigation on the mud breccia matrix from three mud volcanoes in the Alboran Sea (Western
Mediterranean) reveals that the extruded sediments are from olistoliths of different ages contained in the main olistostromic complex.
The ages of their more recent activity has been dated with AMS 14C. The mud breccia acts as an ideal substratum for cold-water

coral colonies, whose development is, however, not linked to seepage activities.

Keywords: Alboran Sea, Mud Volcanoes, Foraminifera

The Dhaka, Maya and Carmen mud volcanoes (MV), located in the Mud
Diapir Province in the Western Alboran Basin aong the Moroccan Coasts
were cored during the TTR-17 Leg 1 research cruise. Cores were taken on the
top of mud volcanoes at Dhaka (water depth of 370 m) and Maya (water
depth of 410 m) and on the flank at Carmen MV (water depth of 806 m).
Recent volcanic activities have been dated by mean of AMS4C. At Maya
MV the most recent activity is as old as 15583 +/- 185 yrs BP. At Dhaka MV
the most recent volcanic activity occurred between 4346 +/- 60 yrs BP and
4165+/- 62 yrs BP.

Mud diapirism and mud volcanism in the area are supposed to originate in the
lowermost sedimentary sequence on the basis of both seismic interpretation
[1] and micropaleontological analysis of the extruded mud breccias [2]. A new
micropaleontological study was undertaken to better constrain the age of the
source sediments.

At Dhaka MV the planktonic foraminiferal assemblages present in the mud
breccia matrix result to be mostly composed by rare Recent-Holocene forms
and more abundant mixed Late Cretaceous (Lower and Late Maastrichtian),
Miocene (generally Serravallian) and Pliocene species. Late Eocene and
Oligocene specimens, together with very rare shallow water benthic forms
such as Amphistegina sp. and Elphidium spp. are also documented.

At Maya MV planktonic foraminifera of Late Cretaceous (Campanian -
Maeastrichian) are dominant, while Miocene and Oligocene forms are very rare.
Shallow water specimens of Elphidium are present but generally rare.

At Carmen MV the mud breccia contains dominant planktonic foraminifera
from Zones N8-N10 (Middle Miocene). Late Cretaceous species are very rare
and only very rare specimens of Upper Albian species have been observed.
Shallow water species include Ammonia beccarii and Elphidium spp.

Based on these observations we identify the lowermost olistostromic
sedimentary unit present in the Alboran Sea and documented in [1] as the
main source of the extruded material at Dhaka, Maya and Carmen Mud
Volcanoes [2]. We also suggest that the age difference in the source sediments
of the three mud volcanoes is due to the presence of olistoliths of different
agesin the main olistostromic complex.

On top of the mud breccia extruded by both Dhaka and Maya MV's small
patch reef and/or isolated cold-water corals found an ideal substratum for
colonization. However, no relation with seepage is observed at both mud
volcanoes as indicated by carbon isotopes values of benthic foraminiferain the
range of “normal” marine waters not affected by hydrocarbon.

This study is funded by the Swiss National Science Foundation Projects
200021-111694 and 200020-117928.
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Abstract

Gas seeps and related rocks are known both in the northern and central Adriatic sea. Gas imageries — “ghosts” included — in boomer
records appear to be limited north of the Jabuca deep only but are very frequent north of the Po delta. The rocky outcrops in the
northern Adriatic — locally named “tegnue” by fishermen — are made up by organic reefs grown upon base rocks (methanites) formed
by the cementation of local sediments because of methane seeps. The timing of these processes is certainly related to the sea level
and climatic changes and will be properly defined, as hereby outlined

Keywords: Shoreline Evolution, Sediments

The rocky outcrops off the Italian coasts both in the northern and central
Adriatic are related to gas seeps, but the ones in the northern part lie at limited
depth (less than 50 meters) and host abundant organic growth capable of
forming luxurious algal reefs [1]. The others, in the central Adriatic, are
relevant to the pock marks area in about a 100 meters water depth, east off
Ancona. They are located over a large oil/gas field [2], and the dredged rock
samples appear free of organic growth. The area is poorly studied and the
situation appears to be very similar to the much better known North Sea pock
marks. The Northern Adriatic Sea rock outcrops are formed by hard substrata
supporting the growth of algal reefs [3], locally named “ tegnue” by fishermen.
These base rocks are locally sea bed sediments lithified by methane seeping
through them [4]. Depending upon the sediments permeability (both
horizontal and vertical), the seeping methane forms horizontal dabs,
sometimes superimposed and cemented to one another, or vertical pinnacles
less than 2 meters high. Since all these rocks must have been cemented only
under a sediment cover, their outcropping must be due to a strong erosion,
responsible of wiping out at least 7 metres of loose sediments, as one of the
rocks is about 6 meters high [5]. The ages of the algal reefs (not yet properly
determined) which now live at depths from about 8 to 45 metres are strictly
depending on the time the base rocks were uncovered and/or submerged during
the last deglaciation. Other questions are the age of the bed rocks found at
different depths: the ages of their datable carbonates might have been
corrupted by the age of the methane involved in their cementation New
outcrops of base rock have been found last year off Grado, in about 2.5 metres
water depth only, close to the remains of a ancient church, submerged now at
3.5 metres water depth. And yet archive documents testify that church hosted
a holy service in 1723 ! These unexpected findings suggest further new ideas
on the Northern Adriatic Sea evolution since at least the last glaciation.
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Abstract

UNIBOOM and similar boomer systems can easily monitor the presence of even the dlightest gas content in the sediments, because
of the relevant variations in the sound velocity and in the acoustic impedance The gas behaviour related to the grain size and the
permeability versus the frequency and the signature of the acoustic impulse give sometimes inexplicable or at least very difficult

imageries and records.
Keywords: Stratification, Sediments, Geophysics, Acoustics

For a proper appreciation of the importance of gas in the acoustic behaviour
of wet sedimentary sequences we must take into account the strong variations
in the sound speed in the different systems, according to the gas percentage in
the interstitial waters. The relevant sound velocity in waters can vary from
about 1500 m/s down to about the same speed in air, that is in the order of
350 m/s! This implies large variations of the acoustic impedance and very
strong gradients in limited space, depending from the gas content only. The
history of sedimentary sequences may be better described [1] if different gas
diffusion and/or intrusion can be attributed to episodes of the same type but
occurring in different times. A good example is offered by the sedimentary
sequence of the Jabuka deep [2] in the central Adriatic, where surface
pockmarks and buried ones (aborted?) appear to have occurred in different
times, but driven by the same and much more deeper gas source. Gas
concentrations in sedimentary layers give more problems than help in
evaluating the acoustic records given by UNIBOOM, boomers or similar high
resolution microseismic systems. In any case the presence of gas always
reduces more or less the acoustic penetration. Vertical penetration of 100
metres or more can be easily achieved, in fine, no-gassy sediments as in the
southern part of the central Adriatic sea, where a resolution of about 20
centimetres can be achieved. Penetration over 200 metres is rather unusual and
achievable only in areas free from potential gas sources as in the gulf of
Taranto, in the Jonian see. Some other examples are given, as aso “ghost”
imageries and geologic hazards [3]. The excellent results can be achieved only
if the behaviour of the used system is very well “understood” by the user,
with special regard to the geometry of the towed gears. Most of the “tricks’
used to achieve the best results lie in regulating the distances and the reciprocal
position of the hydrophone and the boomer plate, respectively emitting and
receiving the signals. If the geometry is perfectlyset, the acoustic multiples
will disappear and there will be no need at al to filter the received echoes. In
some cases the geometry must be adjusted to the acoustic characteristics of
the boat or ship used. Such difficulties are generally underestimated by the
“standard” users, who are not always satisfied with their results. The
conclusion is that in the last ten to twenty years the use of UNIBOOM and
similar sound systems has largely diminished in favour of systems that are
much more simple and easier to handle, like sub-bottom profilers, CHIRP and
similar ones
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Marco Taviani 1, Lorenzo Angeletti 1 and Alessandro Ceregato 1*
11SMAR - CNR, Via Gobetti 101, 1-40129 Bologna, Italy - alessandro.ceregato@bo.ismar.cnr.it

Abstract

Empty shells of the upper intertidal limpet Patella rustica were recovered in the central Adriatic at a depth of c. 200 m. These shells
dated at 1050 + 97 yrs BP cal. were likely discarded by medieval seafarers, probably using limpets as food or fish baits.

Keywords: Adriatic Sea, Gastropods, Fisheries

Introduction

Offshore sampling of death shell assemblages in the central Adriatic during
CNR cruise ARCO of RV Urania recovered empty shells belonging to Patella
rustica Linnaeus, 1758 (Fig. 1) at an average depth of c. 200 m. This common
upper intertidal limpet inhabits rocky substrate in the Mediterranean Sea and
Eastern Atlantic Ocean (e.g. [1]).

Fig. 1. Patellarustica Linnaeus, 1758. - St. ARCO 40

Two adult shells were identified at stations ARCO 40 and 50 (tab.l)
characterized by an abundance of deep water corals (Lophelia pertusa,
Madrepora oculata and Dendrophyllia cornigera)dated at the latest Holocene,
and last glacial molluscs (predominantly the subtidal bivalves Pseudamussium
pedutrae  and Panomya norvegica). Since Patella rusticais ecologically
inconsistent with both assemblages, the reason of its occurrence in such
deposits was inquired.

Tab. 1. Two adult shellswere identified at stations ARCO 40 and 50

Station Lat Start |Long Lat End |Long End|Depth m
N StartE [N E (Start/End)
42°52.90" |15°03.67’ |42°55.24’ |15°02.33’ |187/190

Gear

ARCO 40 |Epibenthic
dredge
Epibenthic
dredge

/ARCO 50 43°10.86° |15°09.86’ |43°10.80" |15°08.10" |210/232

Discussion and results

One shell (ARCO st. 50) was AMS-14C dated providing a calibrated age of
1050 + 97 yrs BP. The presence of limpets of such an age in these offshore
deposits may be accounted by (i) natural transport from a nearby insular rocky
shore, (ii) dropping from birds (for examplea seagull), or (iii) by human
interference. The absence of suitable rocky substrates in this area permits to
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discard the first option; bird discard so far from the nearest coastline is a
remote possibility. Therefore, in all likelihood, these medieval limpets were
deliberately discarded by humans, possibly Adriatic seafarers. In general
limpets were and are collected either for human consumption or as baits for
fishing (e.g., [2; 3]). We cannot identify at present neither who were the users
of limpets nor the limpets actual utilization. As a working hypothesis we
suggest that seafarers possibly came from Dalmatian coasts characterized by
abundant and accessible limpet populations because of the widespread of
suitable rocky shores.

Acknowledgments : Thanks are due to Captain , cruise and colleagues onboard
RV Urania during cruise ARCO (December 2008). Partial funding provided by
CNR and EU Hermione project.
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Abstract

The recent origin and the active dynamism of the Italian margins, associated to the sea level variations and the climate, represent an
important aspect connected to the actual coastal environment. Recent Morpho-Bathimetric survey allows to map a wide area of the
Calabrian margin, pointing out interesting features and characteristics suitable for the geomorphology and the possible coast

modification comprehension.
Keywords: Coastal Systems, Swath Mapping, Active Margins

The tectonic evolution of the italian region, connected to the climate impact and
to the sea level oscillation [1], make the coasta domain a very variable and
interesting zone to study and comprehend.

Going beyond this environmental point of view, the strong colonization of the
coasts in the past decades has strongly impacted its actual conformation, pushing
both the research and politic interests to a deeper consideration of this zone [2].
One of the main aim of these studies is based on the comprehension and
evaluation of the coastal zone evolution, in function of climate changes and of the
directly connected suitables risks [3]. From this point of view, the Geologic
Sciences and Geotechnologies Depatment of the Milano Bicocca University has
been recently involved in the study of a sector of the lonian Calabrian Margin,
first with the VECTOR Project (Vulnerability of the italian coastal area and
marine Echosystems to Climatic changes and Their rOle in the mediteRranean
carbon cyrcles), and more recently by the MAGIC Project (Marine Geohazards
Along the Italian Coast).

These two projects lead to the realization of an high detail Morpho-Bathymetric
data mapping on a wide sector of the Calabrian seafloor, redlized using a
Multibeam Echosounder System (Reson Seabat 8160).

Fig. 1. Location and detail of the realized swath survey on the lonian caabrian
Margin (Magic-Vector Projects)

The data processing and elaboration alow to investigate the shelf and slope
domains, recognizing interesting features developed at different scale (Canyons,
incisions, slope and dlide scars and deposits,.. [4]), and to advance preliminary
hypothesis about the local margin evolution.

The actual configuration of this margin isin fact the result of the traslation of the
calabrian Arc linked to the Tyrrhenian basin opening (Miocene), and of the
coupled occurrence of compressive stress on the Eastern advancing front, cause
of thelocal high relief, of the narrow shelf, and of the still active tectonic [5], with
an evaluated uplift trend of 0.89 — 1.4mm/y [6].

These elements, coupled to climate regime, contribute to the occurrence of mass
wasting episodes on the shelf and upper slope, increasing the local instability of
the whole submerged margin, and stressing the possibility of risks, for the human
infrastructures and cities wide extended on the coastal zone, whose
comprehension is the main aim of the indicated studies.
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Fig. 2. Risk elements on the considered margins: the canyons head, deep incided
on the shelf and very close to the coastal line, and the seismo-stratigraphic
evidence of creep like, instable features, observed on channel rim.
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Abstract

The integration between high-resolution multi beam bathymetry, side scan sonar data, high resolution chirp sonar provide a frame
functional to the identification and mapping of a variety of deep-sea benthic habitats including healthy Lophelia, Madrepora,
Dendrophyllia and Desmophyllum often associated with sponges and polychaetes. Coral growth took place in areas of irregular
topography, created by large slide blocks such as Gondola slide, or on the steep flanks of Bari canyon and Dauno seamount. In both
cases a key factor is the concurring action of dense NAADW water mass impacting seasonal ly the SW Adriatic margin.

Keywords: Continental Sope, Currents, Svath Mapping, Deep Sea Ecology

slide blod

by numerous failure events that generated slide scars up to 10 km wide and =5
extensive slide deposits with run out distances greater than 50 km from the ~j
shelf edge to the slope base (Gondola dlide). On the open slope, the
interaction between cascading and contour-parallel bottom currents with the
irregular morphology of the margin leads to the definition of locally enhanced
energetic condition at the sea-floor, as suggested by a suite of intermingled
bottom current deposits and related erosional features (sediment drifts,
bifurcated sediment waves, furrows and scours) ([3]). Bari Canyon isthe main
sediment conduit deeply entrenched in the SW-Adriatic Margin formed
approximately 400ky ago through mass failures and turbidity-current down
cut during successive glacial sea-level low stands (Fig. 1).

The SW Adriatic Margin stretches NW-SE for about 150km and it is affected CHWW B Gondola slide
blocks "

lia  Lophelia pertusa
colonized by serpulids
and bryozoans

Fig. 2. Multi beam Bathymetry of the Gondola slides integrated with chirp
profile and coral occurrences. Coral growth took advantage of the irregular
topography with positive relief created by large mass wasting deposits
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Fig. 1. High Resolution Multi Beam Bathymetry of the SW Adriatic Margin
(Grid size 20m).

The integration between high-resolution multi beam bathymetry, side scan
sonar data, high resolution chirp sonar provide a detailed morphological
reconstruction of the entire margin and the characterization of the main
geological features and sedimentological processes. Furthermore, it provided a
frame functiona to the identification and mapping of a variety of deep-sea
benthic habitats ([2]). Under this respect noteworthy is the discovery along
the SW Adriatic margin of a number of deep-water coral occurrences including
healthy Lophelia, Madrepora, Dendrophyllia and Desmophyllum often
associated with sponges and polychaetes ([1]). Coral growth took advantage
of the irregular topography with positive relief created by large mass wasting
deposits, such as Gondola slide and the concurring action of dense NAdDW
water mass on the irregularly shaped SW Adriatic margin (Fig. 2).
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Abstract

Cascading North Adriatic Dense Water (NAADW) impact energetically the seafloor of the SW Adriatic margin, eroding and
depositing large amounts of fine-grained sediment below a markedly erosional upper slope. This cascading NAdDW is generated in
the broad and shallow North Adriatic shelf through intense winter cooling and evaporation. The NAdDW flows, southward aong the
Italian coast, reaches the shelf break, typicaly over a prolonged interval (severa weeks) at the end of the winter season, and sinks
across the slope By cascading across the slope, the dense NAADW impinges the seafloor and interacts with the complex margin
morphology, generating: 1) patchy fields of large-scale mud waves, 2) a variety of erosional bed forms, such as moats, furrows and

comet marks, 3) an area of widwspread sea floor erosion.

Keywords: Currents, Deep Sea Sediments, Adriatic Sea, Swath Mapping

The North Adriatic Dense Water (NAdDW), represents the densest water of
the whole Mediterranean and generates in the broad and shallow North Adriatic
shelf through intense cooling and evaporation. The NAADW forms during the
winter months, flows southward along the Italian coast and cascades off the
shelf break, over a prolonged interval (typically several weeks) at the end of the
winter season. The South Adriatic basin is also intruded by the LIW (Levantine
Intermediate Water), a salty water mass that enters the south Adriatic through
the Otranto Strait and flows southward along the western Adriatic, along the
upper slope ([2]). The NAdDW is active every year for a short interval can
exceed speeds of 60cmy/s ([4]), depending on the meteorological conditions for
each year, and may or may not reach a density capable to alow sinking al the
way to the basin floor (in 1200m); the LIW, less energetic, impacts the sea floor
only at depths less than 600m. By cascading across the slope, the dense water
impinges the seafloor and interacts with the complex margin morphology,
caused by the presence of active faults and exposed slide scars and a variety of
mass-transport deposits, generating patchy fields of large upslope-migrating
mud waves that are spatially associated with moats, furrows and comet marks
(31, 14D (Fig. 1)

Fig. 1. 3D image of the Multi Beam Bathymetry of the SW Adriatic Margin

Sediment cores and seismic correlations suggest that all these bed forms, both
erosiona and depositional, are primarily active during the modern interglacia as
well as during the last interglacial, when climatic forcing aso alowed the
formation of the NAADW on the shallow north Adriatic shelf ([5]). The spatial
distribution and inferred genetic association of erosional and depositiona
bedforms on the SW Adriatic slope define two preferred paths along which the
NAdDW cascade into deeper waters before exiting the Adriatic through the
Otranto Strait. Both pathways: 1) represent the time-averaged response of
repeated dense-water cascading; 2) extend to the bottom of the basin (1200 m);
3) define a few-km-wide "core" and a "fringe" area where mudwaves develop
and show increasing continuity away from the "core" (Fig. 2).

More in general, the sedimentological study of the modern sea floor in relation
to near-seafloor oceanographic processes, inevitably relies on implicit
assumptions on the equilibrium between the sea floor (and its erosional and/or
depositional bedforms) and processes that can only be observed (and measured)
over a time span of few months to few decades, at the most ([1]). A major
theoretical and practica question is therefore establishing whether the modern
sea floor “landscape’ is the product of 1) extreme events, 2) rather uniform
events that repeat themselves with some sort of regularity or 3) a combination
of both.

By reviewing the main morphological and stratigraphic products of the dense-
water cascading process in this area, this contribution aims at addressing the
following, more general questions: 1. Do oceanographic processes on the shelf
lead to focussing of cascading processes along preferred slope pathways 2. How
does the interannual variability in production of dense water, affect the location
where cascading is initiated, the duration of the process (few days to several
weeks) and its capability to reach the bottom of the basin (1200m) 3. During its
downslope flow, does the NADDW spread laterally, entraining ambient water,
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or remains focussed along a narrow belt In this context, what dynamic
interaction occurs between the NAMDW and the slope parallel (salty) LIW
4.The upslope-migrating mud waves have furrowed seaward limbs indicating
that they undergo erosion. Is this an indicator of an ongoing intensification of
the bottom current regime or, rather, of areduction of sediment supply.

Fig. 2. 3D image of theBari Canyon System (BCS) representing the major
sediment conduit on the SW Adriatic margin. The figure shows two preferred
paths along which the NAdDW cascade into deeper waters before exiting the
Adriatic through the Otranto Strait.
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Abstract

A preliminary study has been performed estimating the residence time of a submarine groundwater discharge in Kalogria Bay (SW
Peloponnissos, Greece). A number of naturally occurring radio-nuclides (222Rn, 214pb, 214Bj, 228a¢, 2087 40K) have been used a
tracers measuring samples of sea, rain and groundwater by means of LSC and HpGe. Radon daughters measurements were also
performed using thein situ underwater autonomous gamma-ray detection system “KATERINA”. The estimation of the residence
time of groundwater has been attempted using a different approach to standard methods, based on activity ratio concentrations of

radium daughters

Keywords: Radionuclides, Instruments And Techniques, Monitoring, Brackish Water, Aegean Sea

Introduction

During the last decades, submarine groundwater discharge (SGD) has been
recognized as an important hydrological mechanism affecting numerous
phenomena (e.g. elements cycles, contamination by heavy metals and
radionuclides, eutrophication) relating to the coastal zone. The main methods
for detection and quantification of SGD are based on: &) direct physical
measurements with e.g. seepage flux meters; and b) tracer techniques,
estimating the concentrations of geochemica substances which are naturaly
enriched in groundwater paths. Amongst the tracer techniques, those based on
radioactive isotopes as radium, radon and their daughters were used in several
studies to investigate the temporal and spatia distribution of SGD [1, 2], the
coastal mixing rates [3] and the residence time of groundwater through the
aquifer paths [4]. In this work, a radiological study is presented involving
numerous radiotracers (40K, 222Rn, 214ph, 214Bj, 226Rg, 228pc, 208T| 3H )
for the estimation of groundwater residence time of the SGD point source
located in Kalogria Bay (SW Peloponnissos) .

The study area, materials and methods

The Kalogria Bay is located in southwestern Peloponnissos, in the Messinia
prefecture. Many locations of submarine groundwater discharges are easily
visible around the bay, although the main SGD point source is located ~180 m
offshore. At this location, groundwater is emanating into the sea mainly
through a small submarine cave at 25 m depth. The site is reached by small
boats and divers are occupied to collect water samples and to deploy inside
the cave a small lander equipped with severa sensors. In situ measurements
are performed by “KATERINA", an autonomous underwater gamma-ray Nal
(TI) detector [5, 6], monitoring the radioactivity concentration of radon
daughters (214Pb, 214Bj), 228Ac, 208T| and40K. Also, for subsequent
measurements in laboratory, a quantity of 10 mL from the water samples is
immediately added by syringe inside plastic vials containing 10 mL of
scintillation cocktail. The vials are transported to the laboratory within the
first 24 hours after sampling, for gross alpha and beta counting of radon and
its daughters by a Liquid Scintillation Counter (LSC) TriCarb 3170 TR/LS.
Furthermore, 0.6 L of water samples are measured in the laboratory by means
of a High Purity Germanium detector (HpGe) for any gamma-ray emmiter. In
addition, after a simple distillation procedure 8 mL of groundwater, water
from terrestrial springs, and rain are added in glass vias containing 12 mL of
scintillation cocktail for tritium (3H) concentration measurements by LSC
method.

Results and Discussion

In situ gamma-ray spectra from "KATERINA" detector exhibits radon
daughters contributions since gamma-ray emitters at 351 keV (214Pb), 609
keV (214Bi) are clearly observed. Measured 214Pb and 214Bj activities are 550
+ 45 Bg/mS and 575 + 45 Bg/m?, respectively. The activity of 40K is 11300 +
95 Bg/m3 while 228Ac and 298T] exhibit activities of 130 + 11 Bg/mS and 160
+ 15 Bg/m? respectively. Radon activity concentration by the LSC method
during the same period (July 2009) exhibited values varying from 1200 + 100
to 800 + 100 Boym3. Regarding 3H concentration, the estimated values varied
between 4.3+ 1.7 to 5.9 + 1.7 TU. These measurements have to be combined
with 3H measurements of rainwater collected from the same region in order to
achieve an ageing of the water. Also, a method for the residence time
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estimation of groundwater was applied, as proposed in the literature [4]. This
model assumes the investigating system is in steady-state which means that
radium isotopes additions (radium flux from groundwater) are balanced with
losses (mixing and radioactive decay). The activity ratio of 224Ra/?28Ra has
been substituted by 298T1/228Ac  as?28Ra and 228Ac reach a secular
radioactive equilibrium after 1.5 days while the activity ratio of 22Rato 208T|
remains constant (~ 2.6) after 2 days. By means of a HpGe detector, radium
daughter isotopes 298T| (224Ra) and 228Ac (?28Ra) concentration activity
ratios was calculated into the groundwater path (outlet region), as well as in
the inventory where the groundwater discharges. The residence time using the
aforementioned model was caculated at 2.5+1.3 days. The increased
uncertainty is due to low concentrations mainly of 228Ra daughter (228Ac).
The sensitivity of the applied method for the estimation of the residence time
would drastically be improved measuring in a lower gamma-ray background
environment.

Conclusions

During the period 2009-2010, a comprehensive study is in progress at the
SGD site in Kalogria Bay (SW Peloponnissos). Radioactive tracer techniques
are being applied estimating groundwater’ s residence time by means of HpGe
gamma-ray spectrometry, and the water age by means of 3H concentration by
LSC method. Also, the application of in situ gamma-ray spectrometry method
based on "KATERINA" detector offers simultaneously concentrations of 40K
(relative to salinity) and 214Bi, 214Pp (relative to radon concentration), which
are strongly correlated with the mixing processes between ground and sea
water at the SGD site. These long term measurements will also contribute
significantly to the estimation of water velocities and water flux rate of the
specific SGD source.
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Abstract

The relative sea level change during the Holocene geologic times for the Hisaronu Gulf (SE Aegean Sea) and surroundings were
investigated performing high resolution seismic and bathymetric survey. Hisaronu Gulf is affected by sea level rising in the last glacial
period (20.000 BP) and local tectonic movements. Comparing with the eustatic sea-level curve and our seismic stratigraphic
interpretations considered paleo-shoreline positions, it can be said that the relative sea level change for the Holocene period is result of

the tectonic subsidence of the coasta plain.
Keywords: Sea Level, Sedimentation, Tectonics

Introduction

The globa eustatic sea level in the Aegean Sea and surroundings in the Late
Pleistocene-Holocene time (20.000 yr BP) rose from -120m below present sea
level to its modern position because of melting ice sheets since the last glacial
period ([1], [2]). The aims of this paper are to describe the seismic units that
formed the Hisaronu shelf during the Holocene period from high resolution
seismic data and reveal the model of sequence stratigraphic analysis to seismic
profiles to interpret the relative sea level change controlled by eustatic rise and
local tectonic movements comparing with similar studies performed on
Mediterranean coasts.

Study area

The Hisaronu Gulf is bordered by the Dat¢a Peninsula to the north, the Simi
Island to the south, and the Bozburun Peninsula to the east (Fig. 1). The Gulf is
a part of the western Anatolia— southeastern Aegean Sea regions, which are
currently under an N—S regional extensiona tectonic framework dominated by
the westward escape of the Anatolian plate as a result of collision of the
Arabian and African plates with Eurasia ([3]).
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Fig. 1. Bathymetric and seismic line map of the Hisaronu Gulf

Materials and Methods

This study is mainly based on high-resolution seismic reflection profiles using
ORE Subbottom Profiler System and using Bathy 2010 Chirp System in 2002
and 2008 with 3.5 kHz frequency collected during acruise of R/V K. Piri Reis of
Institute of Marine Science and Technology (Fig. 1).

Results

The relative sea level changes are the result of eustatic sea level fluctuations and
tectonic movements. The seismic sedimentary chronology suggests that the
average rate of vertical tectonic movement in Aegean Sea for the last 120.000
years has been around 0.5 mm/yr in Gokova Gulf ([4], [5]). During the
Holocene geological times, glacio-eustatic sea level changes formed two major
depositional units in the Hisaronu Gulf and surroundings: transgressive systems
tract (TST) related to the last post-glacial transgression (20-8 ka); and highstand
systems tract (HST), related to the Holocene higher sea level (8 ka to present)
([2]) with maximum 25 ms thickness. The conceptual model of sequence
stratigraphy, has been applied to our high resolution seismic data which allows
the study of the youngest depositional sequence during the last sea level risein
the Holocene (Fig. 2). By considering the global sea-level curve and paeo-
shoreline positions, we found out the relative changing in sea level result from
local tectonic movements. Besides eustatic reasons, tectonic subsidence due to
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the half graben structure of the area is the main trigger of the relative rise in sea
level.

Fig. 2. Seismic reflection profile from Datgca Shelf (A) and the chronology of
depositional sequences suggested from [2] sealevel curve (C).
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Abstract

In this study 3D seismic and well data from the Ebro Margin, NW Mediterranean Sea are used in combination with backstripping and
coupled isostasy and river transport and drainage evolution modeling techniques. The objective is to present new lights on the origin
and sedimentary processes that took place on the Messinian Erosion Surfaces (MES) of the Vaencia Trough (Mediterranean Sea), tc
provide a minimum estimate of the sea level fal in the Ebro Margin and to offer new constraints on the evolution of the adjacent

subaerial Ebro Basin.

Keywords: Continental Margin, Erosion, Evaporites, Messinian, Models

The recognition of subaerial erosional surfaces a the rims of the
Mediterranean basin has been one of the first and strongest evidences put
forth to support the hypothesis of an exceptional Messinian sea level low
stand that exceeded substantially any possible eustatic change (e.g., [1]). This
study builds on a large 2700 km? 3D seismic survey, which provides
unprecedented detail and areal coverage of the Messinian Erosion Surface
(MES) on the Ebro margin. The aim of this paper is to present new lights on
the origin and sedimentary processes that took place on the MESs of the
Western Mediterranean Sea, provide a minimum estimate of the sea level fall
in the Ebro Margin and offer new constraints on the evolution of the adjacent
subaerial Ebro Basin, particularly with regard to the time when full open
drainage conditions towards the Mediterranean of this formerly endorheic
basin were reached. Four major seismic units are identified on the Cenozoic
Ebro Margin, based on the seismic data, including two major prograding
megasequences (Serravalian-Tortonian Castellén Group and Pliocene-
Pleistocene Ebro Group) that are separated by a major unconfirmity: the MES
(see dso [2] and [3]). . Offshore, the MES evolves into a paraconformity and
is onlapped by shallow water detrital bodies. The 3D seismic data provide an
unprecedented view of the MES displaying characteristic features of subaerial
incision including a drainage network with tributaries of at least five different
orders, terraces and meandering rivers. The Messinian landscape of the Ebro
Margin presents a characteristic stepped-like profile that allows to subdivide
the margin in three different regions roughly paralel to the Present Day
coastline. Such a stepped profile is also evident in numerous areas of the
Mediterranean Sea [4, 5]. No magjor tectonic control exists on the boundary
between the different regions. The boundary between the two most distal
regions can be identified to mark the location of arelatively stable water table,
and this is used in backstripping analysis to identify the sea level drop
associated with the Messinian Salinity Crisis on the Ebro Margin: in the order
of ~1300 m, in agreement with the maximum amount of fluvial incision on the
margin. The MES on the Ebro Margin is dominated by a major fluvial system.
The observed width of the channel and modelling results suggests that this
major valley corresponds to the Messinian Ebro River that should have
aready attained a drainage area comparable to the present one. Constraints
provided by the data set, onshore geology and coupled isostasy and river
transport and drainage evolution modeling techniques indicate that drainage of
the Ebro River into the Mediterranean Sea occurred prior to the Messinian,
most probably during the Serravallian/Tortonian, which is the age of the first
significant >1-km thick siliciclastic deltaic megasequence deposited in the Ebro
Margin.
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Abstract

Eastern Mediterranean and in particular the Aegean Sea have been often affected by catastrophic events such as strong earthquakes
and related tsunamis. However, field evidences of tsunamis from the late Holocene are quite rare. This study, carried out in southern
Lesvos Idland (NE Aegean), individuated a large accumulation of boulders dislocated by tsunami events providing important

information concerning the current coastal hazard of the area.
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Geomorphological evidences of past catastrophic events represent an
important tool to assess the current hazards, especialy in coastal areas. In
particular, large boulder deposits have been often used to determine wave
heights, age of deposition, magnitude and frequency of extreme waves or
tsunami events along the Mediterranean coasts [1]; [2]; [3]. Due to its tectonic
setting, the Aegean Sea region is particularly susceptible to earthquakes and
related tsunamis but few field evidences of the impacts of these catastrophic
waves are reported in literature [4] This study was carried out in Lesvos
Island (NE Aegean), the third largest Greek island with an area of 1,630 km?
and about 300 kilometres of coastline. In particular, the study area is located
in the southern part of the island, between the towns of Plomari and Vatera,
where the coastline develops for more than 30 km, being characterised by high
cliffs and large sandy beaches, often interrupted by beachrocks outcrops.
Here, a big amount of large boulders (up to aimost 15 t) were individuated in
four sites having different geomorphologic and geological frameworks. Direct
observations on each boulder were carried out in order to measure it (size and
weight, distance and elevation respect the shoreline) and individuate the pre-
transport setting (underwater or sub-aerial position) [5]. A further survey of
their long axis orientation and distribution was carried out in order to recognise
the geographical origin of the waves. The Nott [5] approach was applied to
understand if the boulders displacement was compatible with the local storm
wave regime or if they were dislocated by tsunami events. The orientation of
elongated boulders allowed to detect two main provenience of the catastrophic
waves, one comprised between 150N and 180N and the second between 210N
and 240N. The study of wind-wave climate of the area excluded a surge storm
origin as cause of the large boulder accumulation. A tsunamitic origin was then
attributed to the studied blocks. Moreover, the bimodal distribution suggested
that two different events could have affected the area and further datation on
the fossil material found on the boulders (bryozoa, vermitids, serpulids) could
confirm this hypothesis. The radiometric datation will also allow to confront
the events with the historical ones present in different Greek and
Mediterranean tsunamis catalogues [6]; [7]. In conclusion, this study provided
new and important information in terms of current level of coastal hazard in
southern Lesvos and, in particular, in Plomari, the second largest town of the
island, with almost 5000 inhabitants where the results should be converted to
recommendations for the local governmentsin order to plan different activities
for the mitigation of the vulnerability.
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Abstract

Detail reprocessing and analysis of a multibeam bathymetric data set and seismic profiles have alowed identified several complexes
of sedimentary instabilities along the southeastern flank of the Alboran Ridge. A Large Slope Apron System could be defined in this
area that includes isolated slides, complex of dlides and slope apron systems. These features show different sizes and evolutionary
stages. Seismicity and the Quaternary tectonic activity are considered the main factors controlling their devel opment.

Keywords: Geomor phology, Sedimentation, Tectonics, Alboran Sea, Western Mediterranean

Introduction

The development of sedimentary instabilities and mass movements on active
tectonic reliefs has been described frequently [1, 2]. The Alboran Ridge is the
most relevant physiographic feature of the Alboran Sea Basin, it extents along
approximately 200 km in a WSW-ENE trend and is constituted by five aligned
seamounts. This complex feature is a tectonic relief uplifted from the Miocene
to the Quaternary, by means of folding, lateral and compressive faulting, and
volcanism. The structure of the Alboran Ridge has been described as a main
anticline bounded by oblique left-lateral/reversed faults [3]. Nowadays, only
few sedimentary instabilities have been analyzed in the Alboran Basin [4], but a
more important development can be expected.This study focuses on the
sedimentary instabilities occurred on the southern flank of the farthest east
seamount of the Alboran Ridge. Severa methods were used to investigate these
features including multibeam bathymetry and a scarce net of ultrahigh (Sub-
bottom Profiler and TOPAS systems) and high (Airguns) resolution seismic
profiles.

Results and discussion

Sedimentary instabilities have been identified aong both flanks of the Alboran
Ridge, northeastern and southwestern. Their occurrence has been recognized
based on features indicative of the disappearance of sediments and of
deformational features. The southeastern flank forms an abrupt scarp (6-10 km
wide) that extends between 70 to 1050 m water depths and displays average
dlope gradients between 8 and 18°. Both types of features, mass-movement
deposits (from dlides to turbidites) and valleys (canyons and channels) are
identified. The following systems have been differentiated based on genetic
processes and relationships (Fig. 1): isolated slides (box 2), complexes of dlides
(boxes 1 and 4), and slope apron systems (boxes 3 and 5). The dide scars are
mainly located at upper part of the flank (70-140 m) where gradients average
20°, and have lengths between are 1.5 and 7 km.
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Fig. 1. Bathymetric map of eastern Alboran Ridge segment illustrating the
different systems of sedimentary instabilities (Boxes 1 to 5) identified in the
southern flank.

The complexes of dlides have lengths between 1.8 and 6.6 km, and comprise
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concomitant slides, some remain on the surface but mostly extend from the
slope bresk toward the Southern Alboran Basin where the deformed and
disrupted slide material deposits forming lobes/wedges of chaotic facies with a
rough seafloor surface (boxes 1 and 4).Thus, these complexes would represent
slides and associated mass-flows deposits.

Two types of slope apron systems are identified based on their internal
sediment source that conditions the resulting architecture: point source apron
(box 3) and multiple source apron (box 5). The point source apron (box 3)
comprises a submarine canyon (3.5 km length) whose head indents into the
summit of the ridge and extends down to the break of slope and from that point
develops a turbiditic apron (5 km wide, 7.5 km length) defined by chaotic facies
with numerous shallow channels (6 km length). The multiple source apron (box
5) comprises several channel systems of different orders of magnitude that
extends downslope from the summit of the flank and converge at 870 m water
depth, a little before to reach the break of slope of the flank, and develops a
depositional turbiditic apron (4 km wide, 5.7 km length) from that point spreads
to the Southern Alboran Basin.

From a sedimentary point of view, the southern flank of The Alboran Ridge
forms a Large Slope Apron System that is made up of minor-order systems
consisting of both constructional and erosional architectural elements. All these
elements reflect the occurrence of sedimentary instabilities associated to the
general mass-wasting process that affects to the southern flank of the ridge. The
continuous moderate seismic activity in the Alboran Sea region and the
Quaternary tectonics of the Alboran ridge must be invoked as the main
controlling factors of this intensive mass wasting.

Acknowledgements: This is a contribution of the DEEPER (IEO) and
MONTERA (CTM2009-14157-C02) projects.
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Abstract

Changes in the depositional environment of the Adriatic Sea during the late Glacia-Holocene sea-level rise have been investigated by
means of magnetic measurements. Both concentration and grain size dependent parameters show a different magnetic signature that
reflect differences in the source area of the sediments and diagenetic processes as well as modification in the shape of the basin.

Keywords: Adriatic Sea, Geomagnetism, Sea Level, Sedimentation

Rock-magnetic techniques applied to marine deposits provide informations
about the amount, the grain size and the mineralogy of the magnetic fraction
within the sediments. In a first instance, these properties are a function of the
supply of the clastic fraction, but they also represent post-depositional
processes occurring within the sediment. So they reflect physical changes in the
depositional environment that are strictly related to paleoclimatic and
paleoceanographic changes as well as human environmental impact. In this
study we present the results of natural (magnetic susceptibility, X) and
laboratory-imparted rock magnetic properties such as anhysteretic (ARM) and

Fig. 1. Location map of the studied cores and Late-Holocene mud wedge areal
distribution dated post 5.5 kyr.

Adriatic Seafrom the northern shelf to the Mid Adriatic Depression (MAD)
(Fig.1). The studied parameters are indicative of magnetic concentration, but
they are sensitive to different grain size implying that interparametric ratios (i.e.
SIRM/ARM) are indicative of change in grain-size. The Late Pleistocene
Holocene age of the cores is constrained by the stratigraphic framework of the
area supported by C4 datings and paleomagnetic record of the secular
variations of the earth magnetic field. During the Last Glacial Maximum (LGM),
a wide part Adriatic shelf was subaerially exposed. The drainage network on
this large aluvid plain likely comprised the paleo Po as the main river, with the
Alpine and Apenninic rivers as tributaries. With the postglacial sea-level rise,
the low shelf gradient (40 m/200 km), and low sediment input, favors significant
landward shifts of depositional environments. The late Holocene Po delta
formed after the present sea-level highstand represents a major component of
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the rapidly accumulated mud wedge that with the contribution of Appenine
rivers stretches for 600 km aong the Adriatic italian coast. In the northern part
of the basin rivers from the Venetia-Friulan plain (Adige, Piave, Tagliamento)
control the sedimentation. As the catchment of these rivers are different it is
expected that the magnetic signature in the sediments reflect the primary signal
when diagenetic processes do not introduce significant alterations. The
differences are confirmed by mineralogical data showing a significant presence of
dolomites in the sediments collected in the northern shelf. The results from
recent sediments obtained from a core retrieved in the Po Delta were used as
reference signature and compared with the results from other cores.
Concentration-dependent parameters (X, ARM, SIRM) point out to an
increasing contribution of ferromagnetic minerals in the sediments belonging to
the Po with respect to the other sources. The magnetic properties also indicates
a time-dependent signature of both concentration and grain size that represent a
signature of the different physiographic conditions of the basin during the Late
Glacial/Holocene times. Coarse grained detrital magnetite (high SIRM, X and
SIRM/ARM values) characterizes Late Glacial deposits from Central Adriatic
with an increasing contribution of fine grained magnetic materials

during the Holocene (high ARM, low SIRM/ARM values) (Fig. 2) with peak
values after the maximun flooding [1]. The dominance of finer materials reflects
the increasing contribution of bacterial magnetite to the remanence of the
younger sediments, but could be also related to the landward shift of the source
area of the terrigenous input during Holocene time.
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Fig. 2. Plot of mass specific magnetic susceptibility (units: 10-°m3kg-1) vs
SIRM/ARM for the studied samples.
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Abstract

A study of nutrient concentrations in Dor Bay suggests that the groundwater discharging directly to the bay is a mixture of three
components: (1) nitrate and silica-rich groundwater, (2) nitrate and silica-depleted recirculated seawater, (3) depleted saline water
(salinity of 31), which is the result of mixing between recirculated seawater and denitrified fresh groundwater. Subterranean estuarine
processes are reflected just in the slightly elevated concentrations of ammonium and possibly phosphate in the discharging water. This
suggests that the nutrients are being mainly carried to the bay by the fresh groundwater, while the role of recirculated seawater in this

conveyor is merely secondary.

Keywords: Coastal Processes, Estuaries, Hydrology, Eastern Mediterranean, Nutrients

Submarine Groundwater Discharge (SGD) is now widely accepted as a major
factor affecting coastal water quality. More specifically, it was suggested by
several authors [1,2] that the recirculation of seawater and the mixing with
fresh groundwater in the aquifer (the‘subterranean estuary’) is a dominant
factor in the transport of some nutrients and other solutes to the sea. During
2006-8, we conducted a detailed study of the composition of groundwater
discharging from the sea floor at Dor Bay (Carmel coast, northern Isragl). As
detailed below, our results suggest that while fresh groundwater is a major
source of nutrients to the coastal water, recirculated seawater, even when
mixed with fresh groundwater, carries arelatively small amount of nutrients to
the sea. Two different geological units are discharging to Dor Bay, a
Pleistocene calcareous sandstone (locally called ‘Kurkar’) and an overlying
Holocene sand unit. The two are hydrologically separated by a confining clay
unit. 222Rn time series and seepage meter studies suggest that SGD at Dor is
on the order of 10 cm/d, and that about half of it is recirculated seawater.
Based on radon and salinity, it was established that fresh goundwater
discharge was mainly from the underlying Kurkar unit, while seawater
recirculation was restricted to the shallow sand. Nitrate concentrations were
high in onshore groundwater and very low in the bay water (200-400 and <3
UM NOs+ NO,, respectively). The concentrations in water discharging from
seepage meters deployed on the bay floor were at the mid range (2-130 uM
NOgz+ NO,). On adiagram of nitrate versus salinity, all discharging water plot
in a narrow zone between two mixing lines that meet at the high-nutrient fresh
water end. Silica concentrations also suggest mixing between nutrient-rich
groundwater (100-400 uM) and nutrient-poor seawater. These results suggest
that the groundwater discharging to Dor Bay is composed of three
components. (1) nutrient-rich Kurkar groundwater, (2) nutrient-depleted
recirculated seawater and (3) nutrient-depleted water with salinity of 31.
Component (3) is probably the result of mixing between recirculated seawater
and fresh groundwater that underwent denitrification. We identify the latter as
sand groundwater, which likely resided for a relatively long time in the bay
sediments. This implies that in Dor Bay, nitrates and silica are conveyed to
the sea just by the fresh groundwater (which aso suffered partia
denitrification), and that seawater recirculation and its subterranean mixing
with fresh water have no effect on nitrate and silica mobilization. Phosphate
was very low both in the seawater and in the Kurkar groundwater, while
relatively high in the sand groundwater (0.1-0.2 andup to >4uM,
respectively). Seepage meter water contained up to >1 pM of POy, probably
due to a contribution from the sand groundwater or to the recirculation of
seawater in the subterranean estuary. Similarly, ammonium was quite low
both in bay water and in all onshore groundwater (<4 uM), while higher in
saline groundwater and in water discharging from the bay floor (up to 20 uM),
obviously due to seawater recirculation. However, it was still one order of
magnitude lower than the nitrate concentrations in these water samples. To
conclude, the main conveyor of nutrients (nitrate and silica) to Dor Bay is the
fresh groundwater, while the effect of seawater recirculation in the
subterranean estuary is restricted to arelatively small load of ammonium, may
be also of phosphate, that is carried by the discharging water. Low nutrientsin
the recirculated seawater as compared with the fresh groundwater were also
reported from other SGD sites (e.g. [3,4]). However, in other cases (e.g.
northern Gulf of Mexico) recirculated seawater was characterized as nutrient-
rich [5]. It is suggested that the difference between the SGD sites is in their
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nutrient source. While at Dor and similar sites, nutrients are mainly land-
derived, thus bwing mainly transported by fresh groundwater, the nutrients
at other sites are derived by remineralization of marine organic matter in the
subterranean estuary [5], thus being enriched both in the fresh groundwater
and in the recirculated seawater.
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Abstract

Since the 90° ENEA CRAM is involved in the environmental monitoring of the Eastern Ligurian coastal marine ecosystem. The
observatory includes meteo-marine observations from fixed platforms (meteorological station, buoys and moorings), a sea campaigns
with in situ sampling and underwater surveying of benthic and pelagic communities. The am is to control the evolution of
environmental conditions for climatic studies as well as for the management of the coastal area. The long-term observations allowec
to detect the “intrusion” of alien and harmful invasive species favored by the warmer surface water temperatures, and to approach &
comprehensive study of the mortality events which affected benthic speciesin this area.

Keywords: Monitoring, Time Series, Coastal Systems, Ligurian Sea

Since the 90 ENEA CRAM isinvolved in the environmental monitoring of the
Eastern Ligurian coastal marine ecosystem within ELIOS (Eastern Ligurian
Interdisciplinary Observing System). In addition to the scientific need to
monitor coastal ecosystem changes and predict future trends, there is an
increasing request to provide data for a science-based management of a coastal
zone subject to increasing anthropogenic pressures. This observation network
offersan ideal platform to study specific processes characterized by seasona
and higher temporal resolution time scale.

Within ELIOS, the monitoring activities are carried out multidisciplinary. The
meteo-marine conditions are provided by integrating different systems of
measurements, to ensure the necessary spatial and tempora resolution
including: a coastal meteorological station [1] measuring wind speed and
direction, solar radiation, air temperature, relative humidity and atmospheric
pressure, precipitation; a shelf sea meteo oceanographic buoy located at a sea
depth of 28 m providing meteorological measurements, sea temperature,
salinity, fluorescence, oxygen and ph profiles in the upper 25 m of the water
column; an oceanographic mooring deployed at 30 m depth providing currents,
temperature and salinity measurements at 15 m and 25 m depth. Some
autonomous temperature sensors have also been fixed to the rocks. Repeated
(weekly during summer) synoptic surveys in the Gulf of La Spezia include
temperature, salinity, fluorescence, profiles, nutrients and turbidity (Secchi-
disk) in the water column and sampling of phytoplankton. Open-sea meteo
oceanographic observations (atmospheric parameters, sea temperature and
salinity, ADCP currents profiles in the thermocline) are available from the
meteo-oceanographic buoy ODAS ITALIA 1 located in the Central Ligurian Sea
and form the oceanic mooring deployed nearby. Benthic communities
(coralligenous and Posidonia meadows) and the presence of invasive and
harmful species (Ostreopsis ovata) are regularly investigated through
underwater surveys and sampling at fixed locations.

Data collected by the two buoys allowed to investigate thermal anomalies below
the sea surface, how these affected at different degree the coastal and the open
sea area and to follow the evolution and the response of the ocean-atmosphere
system to that particular event. In particular, the persistence of calm weather
conditions caused a sea temperature anomaly of about 4 degree down to 25 m.
Twelve-year monitoring of gorgonian population trends allowed to analyse
population size structure, colony and recruitment density of a damaged
Paramuricea clavata population after 1999 and 2003 mortality events and to
identify changes in biological, ecological and demographic features [2]. This
population supplies a paradigmatic example of the response of a population
living from 16 to 25 m depth, thus near the edge of the summer thermocline, to
the mortality associated to anomalous temperature increase. The high colony
recovery and recruitment rates found (4 fold increase) suggest a good resilience
for this population due to the reproductive output of the smaller-younger
colonies [3]. Nevertheless, its geographical isolation, together with an increased
frequency of mortality events, could challenge its persistence.

The long-term observations alowed to detect the“intrusion” of aien and
harmful invasive species favored by the warmer surface water temperatures. In
the Gulf of La Speziathe first Ostreopsis ovata bloom took place during the hot
summer of 1998. When meteo-marine conditions favourable to O. ovata
development, mainly high temperature and flat sea, persisted for weeks blooms
took place with the production of millions of cells causing hypoxia and
sometime damage to human health. On the contrary, rough sea and waves caused
asharp reduction of O. ovata density.
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This observing system, providing a continuous environmental and meteo-marine
monitoring, allows a better understanding of the sensitivity of marine organisms
and communities to the rapid changes of the environmenta conditions,
particularly in time of climate change. In addition, the rea time surveillance
could support local administrators in the management of navigation and
environmental emergencies.

La Spezia

Fig. 1. Location of the observing system in the Eastern Ligurian Sea
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Abstract

The M2 interna tide energetics in the Sicilian channel have been investigated by using a three-dimensional sigma coordinate model
(ROMYS). Redlistic topography and stratification from existing observations were used. We have identified three potential sites of M3
internal tide generation, namely the western sill of the Adventure Bank, northwest of Sicily and north of Pantelleria idle. The
conversion rate from the M2 surface to internal tide energy integrated over the whole model domain amounts to 47.5 MW, 75 % of
which are found to be generated over the three prominent topographic features mentioned above

Keywords: Tides, Sicilian Channel

Introduction

The Strait of Sicily has been extensively studied during the last years [1, 2].
However, very few is known about the generation of the internal tide in this
strait. Indeed, except sparse observations [3, 4], the vertical structure has not
been sufficiently addressed. Within the framework of what has previously been
studied concerning the internal tides generation and propagation in some
potential areas, we try to clarify the distribution of the M5 internal tidesin the
Strait of Sicily as well as its energetics. We use a fully three-dimensiona sigma
coordinate model, the Regiona Ocean Modeling System (ROMS). The
horizontal resolution is 1/32° in both longitudinal and latitudinal directions.

Internal tidal energy budget
The governing equation for the baroclinic energy is given by

9 2 2 7 dpn\ ! .
pot 4 92 (* pU) ==V (psth;) + gp'wer + D + A(1)
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where po is the reference water density, po is the background basic density
stratification, o' is the water density perturbation, @;is the baroclinic
velocity, Wy is the vertical velocity induced by the barotropic tide flow, p; is
the internal pressure perturbation, D and A denote the dissipation and the
advection of the baroclinic energy, respectively. The left side of (1) is the rate
variation of thebaroclinic energy density, p;; is the energy flux that is
associated with the propagation of the internal tide, and gp'ww: represents the
conversion rate from surface to internal tide energy.

Assuming that the advection of baroclinic energy is neglected, integration of the
equation (1) over a given domain and taking the average over one tidal period
(denoted by an overbar) yields:

///g PwpdV = //m(ﬁ+ // Ddv

The model-predicted distribution of the depth-integrated conversion rate from
the M, barotropic to baroclinic tidal energy shows that there are three distinct
sites of strong generation, one at the narrowest passage through the western sill
of the Adventure Bank, and the two others are in the northwest of Sicily and the
north of the Pantelleria isle. The M, mode conversion integrated over these
prominent topographic features sums up to 35.6 MW, which is 75% of that
integrated over the whole model domain. M, interna tide is mostly efficient
over the narrowest passage through the western sill where the baroclinic energy
conversion amounts to 17.1 MW. It is about 11.3 MW in the northwest of
Sicily and 7.2 MW in the north of the Pantelleria isle. The net M, baroclinic
energy flux away from the region including the western sill accounts for 8.5
MW, 5.5 MW of which is directed toward the north and 3 MW toward the
south. For the region including the Pantelleriaisle, the energy flux divergence has
been estimated to be 60% of the integrated conversion energy, mainly directed
toward the Tunisian coasts (2.6 MW).

The local dissipation within the western sill of the Strait of Sicily amounts to
8.9 MW corresponding to 52 % of the baroclinic energy conversion where it is
about 40 % within the north of Pantelleriaisle and about 71 % in the northwest
of Sicily. It isimportant to note that 42.3% of the barolinic energy generated in
the whole modelled region is dissipated in close proximity to the baroclinic M,
generation sites already identified.

The baroclinic energy flux divergence (Figure) emphasizes the localised nature of
generation and depicts the propagation of energy away from the narrowest
passage through the western sill toward the north and southwest. The main
direction of propagation from the Pantelleriaisle is toward the Tunisian coasts.
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Fig. 1. The depth-integrated M, baroclinic energy flux
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Abstract

A simulation and two re-analyses from 1985 to 2005 have been produced for the Mediterranean sea circulation using different
assimilation schemes: a Reduced Order Optimal Interpolation and a new three-dimensional variational scheme. The general circulatior
model used is the OPA 8.1 code. The observational data sets assimilated are vertical temperature and salinity in situ profiles and aong
track satellite sea level anomalies (SLA); daily mean fields of Sea Surface Temperature are used for correcting the fluxes. The
results of both reanalysis are comparable and they are qudlitatively consistent to the known structures of the circulation in the period

of interest.
Keywords: Circulation Models, Inverse Methods

Introduction

Re-analyses are different from analyses because they are consistent for the
whole period since the oceanic state estimates are produced without changes
in the modelling assumptions and they are usually done with systems, which
are more advanced then the available systems at the time of the observations
collection. A fundamental part of are-analysis system is the data assimilation
scheme, which minimizes the cost function penalizing the time-space misfits
between the data and the numerical solutions, with the constraint of the model
equations and their parameters. In this work we will compare ocean circulation
estimates provided by pure simulation, a system in which the assimilation
scheme is based on a sequential agorithm: Optimal Interpolation (Ol) and a
three-dimensional variational scheme (3dvar).

Method

The OGCM used in this work is based on OPA 8.1 code [1], which has been
implemented in the Mediterranean Sea by Tonani et a.[2]. The model has
1/16th horizontal resolution and 71 unevenly spaced vertical levels. The
present model formulation uses a redlistic water flux with river runoff that
improves the realism of the simulation. One re-analysis is produced with the
Reduced Order Optimal Interpolation (ROOI) [3] and the other with
OceanVar[4]. The observationa data sets assimilated for both reanalysis are:
1) the historical data archive of MedATLAS [5] which contains vertical in situ
profiles of temperature and salinity from bottles, XBT, MBT and CTD
sensors;2) temperature and salinity profiles collected in the framework of
MFSPP and MFSTEP (Mediterranean Forecasting System) projects;3) CLS
adong track satellite sea level anomaly data from ERS1, ERS2, Envisat,
Topex/Poseidon, Jasonl satellites [6]. Reanalyzed daily mean fields of Sea
Surface Temperature (SST) from Medspiration [7] and the Delayed-Time
operational product of CNR-ISAC have been used to relax the model SST.
The Mean Dynamic Topography of Dobricic [8] has been used for both
experiments. The model is forced with a combined dataset of ECMWF
analysis when available and ERA-15. The precipitations are monthly mean
climatology of the NCEP re-analysis [9], the river runoff data are monthly
mean climatology from the Global Runoff Data Centre (GRDC) and from
Raicich [10] for the minor Adriatic Searivers.

Results

Both re-analyses show significantly better results than the simulation reducing
both bias and root mean square error even though the structure of the error
remains amost the same of the simulation: the largest error for tracers is
confined in the thermocline especialy in summer, highlighting a problem in the
mixing parameterization; the major error for SLA is confined in the most
dynamically active areas. Satellite atimetry observations appear to be a
fundamental dataset to constrain model solution. Since its homogeneity in the
sampling the SLA dataset permits a consistent assessment of the model
behaviour. During the years without SLA observations in-situ observations
give a less accurate assessment, because their sampling is extremely
inhomogeneous both in time and space. The model results permit the
recognition of gyres, jets, boundary currents, recurrent eddies, etc, typical of
the Mediterranean Sea mean circulation. The results are promising for the
detection of the timing of current reversa in the lonian Sea, the salinity
changes and the outflow from the Aegean Straits, its spreading and
accumulation phase.
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Conclusions

This study describes the development of modelling and data assimilation tools
for the production of re-analysis for the entire Mediterranean Sea. In order to
carry out a re-analysis two major steps were undertaken in this work. In the
first, the general circulation model was upgraded to have the correct air-sea
water fluxes. In the second, two assimilation schemes, one new and the other
consolidated, were compared to show their impact on the quality of the re-
analysis. The genera circulation model used in this study is shown to be
capable of reproducing quite accurately the ocean dynamics of the
Mediterranean Sea. The results have shown that the model solution is in
agreement with data and observations, even though some parameterizations of
the model should be improved (i.e. heat flux and mixing processes). The new
implementation of arealistic water flux, proposed in this study, has improved
the model solution so that re-analysis is possible. The study of these re-
analysis shows that both products are sufficiently accurate for appropriate
climate studies. Both assimilation schemes show good capabilities in
correcting the solutions provided by the dynamica model. Moreover the
ability of both systems in retaining this information and projecting it in the
future has been shown. Eventually, even for very complex non linear systems,
with millions of prognostic variables, the equality between the Sequential
Kalman Filter Approach and the Variationa method as been demonstrated.
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Abstract

The patterns of the vertica distribution of mesozooplankton in relation to physical and biological heterogeneities were studied in a 5-
day time series at a fixed station in the Catalan Sea (NW Mediterranean). CTD, microturbulence, and TAPS® (high-resolution
acoustic probe) profiles, and depth-stratified LHPR® hauls from 15 depth-strata (from 0 to 200 m depth), were aternated along the
time series. Strong density gradients and microturbulence (epsilon), related to deep fluorescence layers were determinant for the

daylight distribution of zooplankton.

Keywords: Zooplankton , Vertical Profile, Western Mediterranean, Phytoplankton, Hydrography

Introduction

In most of the plankton production models, space is not taken into
consideration, as if the pelagic trophic relations took place in an evenly
distributed universe. Food or predators are parametrised as average
concentration values, although spatial heterogeneity and time variability
(patchiness) at all scales is a constant characteristic for marine physical and
chemical variables, as well as for plankton communities. The vertical structure
of plankton in patches or layers has been described since long [1], but their
effects on the coupling between the different trophic components and the
oceanographic singularities that control the matter and energy transfer have been
poorly studied. In order to allow us to explain some paradoxical features of
consumers production under conditions of low average resource availability, in
the Framework of the PERFIL-MED cruise we studied the time-changes on the
vertical pattern distribution of meso- and microplankton in relation to physical
heterogeneities during the summer stratification period.

Study area and methodology

The study took place on board the R/V Garciadel Cid, from the 27/06/09 to the
01/07/09 in the Catalan Sea, NW Mediterranean, at a fixed station (40.45°N,
2.39 °E). Profiles of physical (T, S), chemical (O,) and biological (fluorescence)
data were made with a CTD SBE 91lplus. The high-resolution vertical
distribution of the rate of turbulent mechanical energy dissipation, epsilon, was
obtained with a MST micro-structure profiler®. The vertical distribution of
organisms ranging from 50 pm to 2 mm ESR was obtained with a TAPS® (high
resol ution acoustics, 6 frequency channels from 265 to 3000 KHz). For depth-
stratified plankton hauls (15-level, from 0 to 200 m depth) we used a LHPR®
fitted with 200 and 50 pm-mesh gauzes, and the on-board analysis of
microplankton was made with a FlowCam® on depth-selected water samples.
All the profiles were obtained in the 0-200 m depth water column. The analysis
of zooplankton biovolume, the organic C,q, contents (from biovolume and a
conversion factor, [2]), individual numbers and the identification of taxonomic
groups, was made using the free software Zoolmage® [3], which uses ImageJ®
for the step of image analysis, and R for classification and data analysis.

Results and discusion

A clear deep phytoplankton (fluorescence) layer, accompanied by higher
microplankton biomass (data not shown) had developed at the base of the
thermocline (Fig. 1 A) , the depth of the peak dlightly differing for day and night
profiles (52 m night, 58 m day). The same pattern was observed for daylight
zooplankton biomass (Biovolume, BV, Fig. 1 C) both directly measured in
LHPR samples and that obtained using acoustics (TAPS). Nocturna
zooplankton profiles showed not only higher BV both for LHPR and TAPS,
but a shallower peak (vertical migration). The zooplankton LHPR maxima
coincided with higher microturbulence (epsilon) values (Fig. 1 B), and during the
day with the fluorescence maxima.

The pattern of TAPS profiles was very similar to that of LHPR, athough
appeared shallower probably due to the effect of internal vawes in the time
interval between both samplings. The higher food concentration in the deep
fluorescence layer (both phyto and microzooplankton) could explain the
coincidence of zooplankton day maxima with the deep fluorescence layer. A
better comprehension of the control exerted by physical and biological variables
for the vertical heterogeneity of zooplankton biomass would be obtained after a

detailed study of the time series for the corresponding variables.
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Fig. 1. Examples of two vertical profiles at day (grey lines) and night (black
lines) of A: Temperature (°C) and fluorescence (relative units). B:
Microturbulence; C: Zooplankton biovolume (mm3 m3from high-resolution
acoustics, TAPS (thin lines) and LHPR samples (thick lines). The horizontal
dashed line indicates the depth of the fluorescence maximum at day.
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Abstract

Monthly temperature and salinity of the upper and lower layers in the Strait of Istanbul are evaluated between February 1996 and
February 2009 to obtain long term changes in physical parameters in the strait. The volume fluxes of the layers are also calculated by
using monthly ADCP transects data collected in both exits of the strait, from June 1999 to February 2009. Long term variations of
temperature, salinity and volume fluxes supplies calculation of the water budget in the strait.

Keywords: Bosphorus, Temperature, Salinity, Water Transport, Time Series

The Strait of Istanbul (Bosphorus) connects the Sea of Marmara and the Black
Sea. It has a two-layer exchange flow system. The upper layer with ~18 psu
flows from the Black Sea and the lower layer with ~38 psu flows from the Sea
of Marmara [1]. The southward barotropic flow in the upper layer and
baroclinic flow in the lower layer are separated from each other by a thin
interface. The average volume fluxes of the layers (600 km3year! in the upper
layer, 300 km3/year in the lower |ayer) were calculated in terms of the salt and
water budget of the Turkish Sea Straits[1, 2].

The data given in this study were collected in the Strait of Istanbul (Figure 1) by

R/V ARAR of the Istanbul University, Institute of Marine Science and
Management (IMSM-1U).
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Fig. 1. Stations and ADCP transects |locations

Investigation of monthly temperature, salinity and ADCP measurements at the
two ends of the strait indicate that these parameters vary in wide range. The
temperature changes between 1.9°C in February 1996 and 26.7°C in July 2002
in Black Seaenters. The salinity isin the range of 15.01-18.64 psu.

Our observations indicate that hydraulic control sections agree with a two-layer
numerical model [3]. The composite Froude number (G2 ) is generally found
greater than unity in the southern exit of the strait, in the contraction and in the
northern sill. However, current speeds are not high enough to generate hydraulic
controls in some situations. For maximal exchange flow two control sections are
required in the strait southern exit or the contraction and in the northern sill. We
found critical flows at the two ends of the strait at the same time in some
months. Usually supercritical flow is observed in only one control section.
Especially when the flow is critical in the contraction and southern exit of the
strait the lower layer is very thin in the northern section.

The flow exchange is mostly influenced by the hydraulic conditions, the
geometry of the strait and rapid changes in the atmospheric conditions [3]. In
the strait of Istanbul, the volume fluxes given in Figure 2 vary in an extensive
range (upper layer: 5-1051 km3y-1 lower layer: 0.6-866 km3y-lin the northern
exit; upper layer: 0-1216 km3y 1 lower layer: 0-654 km3y-lin southern exit).
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Fig. 2. Monthly volume fluxes

References

1 - Unliata U., Oguz T., Latif M. and Ozsoy E., 1990. On the physical
oceanography of the Turkish Straits. In: Pratt L.J. (ed.). The physical
oceanography of sea straits, Kluwer Academic Publishers, Boston, pp 25-60.

2 - Besiktepe S.T., Sur H.I., Ozsoy E., Latif M.A., Oguz T. and Unliata U.,
1994. The circulation and hydrography of the Marmara Sea. Prog. Oceanogr .,
34, (4): 285-333.

3- Oguz T., Ozsoy E., Latif M., Sur H.I. and Unliiata U., 1990. Modeling of
hydraulically controlled exchange flow in the Bosphorus Strait.J. Phys.
Oceanogr ., 20: 945-965

Rapp. Comm. int. Mer Médit., 39, 2010


http://www.tcpdf.org

IMPLEMENTING A MULTIDISCIPLINARY MONITORING SYSTEM IN THE SPANISH MEDITERRANEAN
T. Amengua 1, A. Aparicio 1, R. Balbin 1, M. Fernandez De Puelles 1, M. Garcia-Martinez 2, M. Gazal, J. Jansa 1, J. Lépez-Jurado
L A. Morillas?, F. Moya?, F. Plaza3, M. Serral E. Tel 4, M. Va‘ragas-Yéﬁez 2 L. Vicentel, P. Zunino 2, M. Alvarez ° and H.
Bange
1 |nstituto Espafiol de Oceanografia, Malaga, Spain
2 |ngtituto Espafiol de Oceanografia, Gijén, Spain
3 Ingtituto Espafiol de Oceanografia, Baleares, Spain - lopez.jurado@ba.ieo.es
4 |ngtituto Espafiol de Oceanografia, Madrid, Spain
5 IMEDEA (CSIC), Baleares, Spain
6 |FM-GEOMAR, Kidl, Germany

Abstract

Climate change, resources management or environmental protection are some of the questions that scientists have to dea with in the
current century. The management of the marine environment requires multidisciplinary and multitask observing systems which have tc
consider oceanographic structures, coastal/open sea interactions and those between different basins. This can only be achieved
through the international cooperation of national monitoring programs. Here we describe the monitoring system RADMED,
implemented in the Spanish Mediterranean by the Instituto Espafiol de Oceanografia. We provide examples of results obtained in the
frame of RAMED in such different fields as climate change, distribution of biochemical variables or resources management.

Keywords: Monitoring, Western Mediterranean, Time Series, Hydrology, Plankton

The Instituto Espafiol de Oceanografia carries out four cruises per year covering ones. Deviations or anomalies along time can be followed. In al the stations the
a large set of oceanographic stations (fig. 1). These stations cover the Spanish following sampling is included: Temperature, sdinity, dissolved oxygen,
Mediterranean and are distributed along transects normal to the coast. The basic chlorophyll-a, inorganic nutrients, phyto and zooplankton abundance and
strategy is to cover the different areas where differences in the large scale taxonomic composition. At present, other variables of key importance for the
oceanographic conditions could be expected. analysis of the sea health state are being included. These variables are: pH, Total

Inorganic Carbon, nitrous oxide and methane, thanks to the collaboration with

IFM-GEOMAR and IMEDEA under the umbrella of DESMMON project.
The objective of this monitoring program is to make an along shore and cross-
shore description of the variables mentioned above, defining ranges of variability
and mean values. This is possible thanks to the length of time series available,
such as temperature (fig.1). Long term changes in temperature, salinity and heat
absorbed have been evaluated showing the present warming and salinification of
Mediterranean waters in the frame of climate change [1]. The evolution of these
time series has many purposes. As an example, it has been shown that
monitoring programs can be used in the management of short life cycle species

highly influenced by temperature variability [2]. In the near future we expect to
extend the basic description of the health state of the Spanish Mediterranean to
gases of greenhouse effect such as carbon dioxide, methane and nitrous oxide.
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Fig. 1. RADMED and DESMMON stations (upper panel) and time evolution

of the WMED heat content along the twentieth century Fig. 2. Octopus landings in the Alboran sea (black line) and landings predicted

by amodel based on temperature time series

This monitoring includes productive areas such as the Alboran Sea, oligotrophic

waters as those to the north of Cape Palos and around the Balearic Islands, or

areas of special interest as those surrounding the Ebro river. Coastal, shelf and

deep stations are included. Deep stations provide a description of the water Refer encef . )
column along the time. The sampling during the four seasons of the year dlow L - Vagas'Yéfiez M., Zunino P., Benali A., Delpy M., Pestre F., Moya F.,
us to filter out the seasonal cycle for the purpose of long term climate change ~ CaClaMartinez. M.C. and Tel E, 2009. How much is the Western
studies. At the same time permits the study of some seasonal phenomenasuch ~ Mediterranean really warming and salting. J. Geophys. Res,, inpress.
as the intermediate water formation. We can accomplish the description 2 - Vargas'Yafiez M., Moya F., GarciaMartinez M.C., Rey J., Gonzdlez M.
of coastal/open sea and latitudinal gradients in the biochemical distributions of ~ @d Zunino P., 2009. Relationships between Octopus wulgaris landings and
the waters surrounding the Spanish coast. We calculate climatological valuesfor ~ €vironmental  factors in the northem  Alboran  Sea  (Southwestern
different variables along the Spanish waters, indluding surface and deep ~ Mediterranean). Fish. Res, 99: 159-167.
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Abstract

The Rhone River Observatory Station in Arles (SORA) dlow quantifying suspended sediment fluxes to the marine environment as
well asliquid and solid fluxes of major nutrients and various natural and artificial radionuclides. This instrumented platform is especialy
devoted to the survey of flood events through high frequency flux monitoring

Keywords: Sediment Transport, Hydrology, Monitoring, Radionuclides, Rhone Delta

Riverine fluxes towards the marine environment of suspended solids and
associated potentially contaminating trace elements (PCTE) represent key
environmental data because rivers constitute the main link between continent
and ocean in most biogeochemical cycles. This especialy concern the Rhéne
River as its inputs affect primary production significantly in the North-
Western Mediterranean area and play a leading role on the marine ecosystem
functioning in the whole Gulf of Lions[1]. The importance of floods in annual
sediment budgets is now basically known and has been demonstrated in case
studies [2-4]. Flood monitoring is neverthel ess sensitive as high frequency flux
measurements have to be carried out to register such hazardous events [5].
The Rhéne River Observatory Station (SORA) was developed by IRSN to
register such episodic events. The Station is located at Arles on the right bank
of the Grand Rhone River, 3.5 km downstream the diffluence between the
Grand Rhdne and the Petit Rhéne and 45 km upstream the River mouth. The
Grand Rhone branch exports to the Sea 85 to 90% of the liquid and solid
Rhéne river flows. Water is collected at a distance of 7 m from the bank and
0.5 m under the surface whatever the discharge and continuously supplies the
Station. High frequency monitoring is displayed into two main modes
depending on the liquid flow rate of the River:

- Below 3000 m3sL: Daily samplings for TSS and particulate and dissolved
nutrients analyses result in 16 sub samples of 150 ml automatically collected
each 90 minutes. Radionuclides activities within the dissolved and particulate
phases are determined onto monthly integrated samples obtained through sub
samples of 15 | automatically collected each hour.

- Above 3000 m3s'l: Samples for TSS analyses are collected each 4 hours
resulting in 8 sub samples of 150 ml taken each 30 minutes. Particle bound
radionuclides are measured onto samples taken each 8 hours through 24 sub
samples of 5l automatically collected each 20 minutes.

The threshold flow rate of 3000 m3 sl was chosen on the basis of previous
studies: [6] observed a breakdown in the relation between liquid flow and TSS
concentrations corresponding to the beginning of the sediment transport under
flood condition. These observations were confirmed by [7] that furthermore
observed higher TSS concentrations with depth. Samples for TSS analysis are
poisoned with HgCl, and conserved at 5°C until they are filtrated on 1um pre
conditioned glass fiber filters (dried at 450°C for one hour). Uncertainty on
TSS concentrations is estimated to 5 104 91, Daily and hourly liquid
discharges in Arles are made available by the CNR (Compagnie Nationale du
Rhdne). These data allow quantifying liquid and solid fluxes associated with
each sampling periods and especially with flood events.
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Abstract

Long-term ecologica research (LTER) plays a crucia role in tracing and predicting ecosystem trends in response to environmental
changes. Within the LTER-Italy network, which is part of the International LTER network, a great scientific effort is concentrated on
the marine environment. To this end several different Italian institutions, working in four coastal sites, are networked with the aim of
sharing methodologies, experimental approaches, and ecological data. This intellectual and experimental partnership among disciplines
and researchers represents an essential requirement also for knowledge driven environmental policy.

Keywords: Time Series, Plankton, Biodiversity, Coastal Systems

Long-term ecologica research (LTER) is fundamental to assess the main trends
of marine ecosystems and relate them to variations in climate and anthropogenic
impact at the interannual and decadal scales. LTER is also essentia for testing
ecological theories, enhancing our capacity for short- and medium-term
forecasting and the managing of the environmental resources. The LTER-Italy
network, which is part of the European (www.lter-europe.net) and international
LTER (www.ilternet.edu) ones, presently includes 20 sites, 4 of which are
marine (Fig. 1): the Northern Adriatic Sea, the Gulf of Naples, the Sardinian
coastal waters and the Portofino Marine Protected Area.

Fig. 1. Marine sitesin the LTER-Italy network

Intensive monitoring programmes and interdisciplinary experimentation at these
sites are carried on at six Italian scientific institutions. The main common
ecological investigations concern: i) patterns and trends in plankton and benthos
communities, ii) carbon pathways and budgets in the pelagic food web, iii)
trophic state and biodiversity variations, in relation to local and global changes.
Relevant examples of results of these activities concern mainly the detection of
interannual changes in plankton patterns and scales of variability as well as
significant shifts [1, 2, 3] (Fig 2). In some key areas advanced automatic
acquiring systems are operating, as early warning systems for dystrophic events
and a validating centre for numerical models. An intense effort has been done to
disseminate this kind of information among different stakeholders. For a couple
of examples see. www.veismar.cnr.it/piattaforma/, sl.bo.ismar.cnr.it. and
portofino.maci steweb.conm/.

While the research carried so far has been based on efforts of individual
institutions, it is predictable that the LTER network will help generating and
sharing ideas, protocols, data sets and research facilities, in order to address and
answer research questions on important environmental topics in a coordinated
way, giving also ascientifically sound support to environmental management.
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Abstract

The oceanographic tower “Aqua Alta” of the Ingtitute of Marine Sciences of CNR is located in the Northern Adriatic Sea, 15 km
offshore the Venice lagoon on 15 m of depth. The tower, operational since the early ‘70s, hosts a very large variety of instruments,
meteorological, oceanographic, physical and chemical. Some of the time series collected on board are among the longest ones in the
world. The tower allows both long term automatic instruments deployment, connected in real time with the land station, and extended
periods for people on board for devoted campaigns. Multiple power sources, also controlled from land, are available. Measurements
done during one of the worst historical storms has led to the evidence of one of the key processes controlling the tidal level in the

lagoon in Venice in cases of serious floods.
Keywords: Adriatic Sea, Monitoring, Time Series

The oceanographic tower “ Aqua Alta” of ISMAR-CNR (see Figure 1) islocated
15 km offshore the coast of the Venice lagoon, in the Northern Adriatic Sea, on
16 metre of depth. It is the only fixed marine scientific structure in Italy, and
one of the very few in Europe, that alows people on board for prolonged
periods for intensive campaigns in the middle of the sea. The capability of
having a structure in the open sea, large enough to withstand the worst storms,
but small enough not to interfere, as with the large oil or gas platforms, with the
surrounding environment alows highly accurate and hard to get measurements
alsoin heavy difficult conditions.

Fig. 1. The oceanographic tower "Aqua Alta".

The tower has three floors plus the terrace at 12 metre height above the mean
sealevel. The structure is composed of four 60 cm diameter vertical poles, afew
metres apart, connected at four different levels by multiple smaller poles. The
tower is fully self-sufficient for what energy is concerned, powered by two
diesel power generators complemented by a very large set of batteries plus solar
and wind generators. “Aqua Alta’ is fully equipped with a very large set of
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instruments, devoted to meteorological, oceanographic and chemical parameters.
Measurements go back to the early ‘70s, so that some time series provide
sufficient information to consider climate changes. The abundant, sometime too
much, submarine life has provided ample material for biological researches.
Most of the instruments are devoted to long term measurements. However, a
substantial part of the use of the tower concerns specific campaigns carried out
for prolonged periods with people on board. Cavaleri provided in 1999 an
extensive review of the researches on board till that year [1].

The wind and wave data available from board have provided essentia
information for the design of the barrages, presently under construction, that
will save the Venice lagoon from the worst floods. The floods are associated to
the sirocco storms.

An extremely intense one, the strongest in memory after the catastrophic 1966
one, happened in December 1979. Heavy damage was caused on board, with the
second floor completely destroyed. Notwithstanding the lack of power, two
mechanical instruments, an anemometer and a mareograph, provided essentia
data. In particular the latter provided the first evidence in the world of coastal
set-up, the accumulation of water, with the consequent local sea level raising,
that takes place as a consequence of wave breaking toward the coast.

This finding, properly modelled [2], is now integral part of the local tidal
forecast system. Recently a substantial upgrading has been done on the tower,
with the introduction of extensive remote control and data handling in rea time.
A new tide-wave recording system is in operation at 50 m distance from the
tower, with direct connection, together with meteorological data, to the display
in ISMAR. Some webcams have been installed for direct visudisation of the
meteo-oceanographic situation and control of thearea.  An advanced experiment
has just started with an automatic system, controlled from land, capable to
obtain at high rate continuous 3-dimensional measurements of the sea surface
under storm conditions.
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Abstract

POM and ROMS ocean models were used to perform a year-long simulation of the Adriatic circulation. Both models had almost the
same setup which alowed for a reliable comparison between their results. Although these models successfully reproduced the basic
characteristics of the Adriatic circulation, some differences appeared and they could be related to the different numerical formulation
of two models. Model results were evaluated with the CTD and HF radar measurements. Simulated fields from both Adriatic models
were used for the open boundary conditions in several coastal domains along the eastern coast through a nesting procedure. The
impact of the selected open boundary conditions on the circulation and thermohaline properties in the coastal domains was assessed

with ADCP and CTD measurements.

Keywords: Adriatic Sea, Circulation, Circulation Models, Coastal Models, Air-Sea Interactions

Current variability in the Adriatic Sea from November 2007 to October 2008
has been simulated with two three-dimensional nonlinear sigma models:
Princeton Ocean Model (POM) [1] and Regional Ocean Modeling System
(ROMS) [2]. In a year-long simulation both numerical models were forced
with atmospheric, river and tidal forcing. Atmospheric forcing for the ocean
models was calculated from the output fields of the meteorological mesoscale
model ALADIN [3] having 8 km horizontal resolution and 3 hour resolution in
time. A tidal function was applied on the southern open boundaries of both
models for denivelation and transport, while the radiation condition was
applied for the three-dimensional current field. The ocean models had
horizontal resolution of approximately 2 km while along the vertical 22 and 30
sigmalayers were defined for POM and ROMSS respectively.

Surface mean monthly current fields obtained by the POM model show
significant resemblance with the corresponding fields from the ROMS.
Although considerable variability can be observed in the modelled current
fields, they also indicate some common features in accordance with well-
known characteristics of the Adriatic scale circulation. The general circulation
is cyclonic with several imbedded, mostly cyclonic, gyres. Two cyclonic gyres
are around the main pits— South Adriatic and Jabuka Pit, and one can be
observed in the northernmost part of the Adriatic. Current fields in the winter
period resemble borainduced current fields [4], indicating the borawind as an
important driving mechanism for the Adriatic genera circulation. Current
intensities during summer decreased and numerous small-scale eddies
appeared. A South Adriatic cyclonic gyre over the deepest Adriatic area is
present in all monthly current fields but with variable intensities. A cyclonic
gyre above the South Adriatic Pit is a well-known characteristic of the
Adriatic circulation and it is supposed to be topographically controlled by the
South Adriatic Pit and Palagruza Sill.

The main difference between POM and ROMS monthly averaged current
fields is manifested through the current velocity intensities, mainly in jet
currents that are attached to the outer boundary of the Croatian outer islands,
as well as through the intensities of the cyclonic South Adriatic gyre. The
evaluation of the modelled fields was based on the thermohaline measurements
along the Split-Mt Gargano transect and HF radar measurements in the
northern Adriatic.

The results obtained from both Adriatic-scale models were used to define
open boundary conditions for the coastal shelf model embedded along the
eastern coast using one-way offline nesting procedure. The horizontal
resolution of the shelf model was approximately 1 km. Furthermore, two local
models with resolution of 200 m were nested in the coastal shelf model by
using the same methodology. The evaluation of the modelled fields in the
coastal area, as well as the assessment of their sensitivity to the choice of the
open boundary conditions was made through CTD and ADCP measurements
viaRMS errors and correlation coefficients.
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Abstract

Intense dense shelf water cascading events occurred in the North-Western Mediterranean Sea in early 2005. These events have
contributed to the basin-wide spreading of a deep thermohaline and turbid anomaly, which has been extensively observed by many
authors. The major volume of dense shelf water formed on the Gulf of Lions shelf is exported through the Cap de Creus Canyon, at
the western edge of the gulf. The intensity of the 2005 events gives the chance to perform numerica process study simulations of the
down-canyon dense water flow. The Regiona Ocean Modeling System (ROMS) is used to study the dense plume cascading
dynamics, first using an idealized but realistic canyon topography and then the multibeam derived bathymetry.

Keywords: Gulf Of Lions, Western Mediterranean, Models

The Gulf of Lionsis one of the regions in the Mediterranean where dense water
formation occurs by open-sea convection process as well as by dense shelf
water cascading when coastal surface waters over the wide shelf become denser
than the underlying water masses and cascade downslope until reaching their
equilibrium depth [1]. Dense shelf water cascading is one of the main processes
of shelf-ocean basin exchanges, enhanced by the presence of submarine canyons
that deeply cut the continental shelf-edge and slope.
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Fig. 1. Bathymetric map of the southwestern end of the Gulf of Lions showing
the location of the Cap de Creus Canyon. Symbols represent the location of
near-bottom instruments deployed along the canyon axis, at 145 m depth
(tripod) and at 200, 500 and 750 m depth (moorings).

The occurrence and characteristics of dense shelf water cascades from the Gulf
of Lions have been continuously monitored at the Cap de Creus submarine
canyon head (between 145 m and 750 m depth), in terms of near-bottom current
velocities, temperature, salinity and turbidity (Fig. 1).

The Regiona Ocean Modeling System (ROMS), a free-surface, hydrostatic,
primitive equations, general circulation ocean model, that uses stretched, terrain-
following coordinatesin the vertical and orthogona curvilinear coordinates in the
horizontal was setup with an idealized and a redlistic bottom topography. The
horizontal resolution was variable increasing from 500 m up to 100 m across the
canyon axis (y direction of the model) to better describe the steep topography.
Along the canyon (x direction of the model) the resolution was 500 m, while in
vertical 40 levels were used, with higher resolution in the bottom boundary
layer.

Different sets of numerical experiments have been done to explore how the
downslope flow develops into a gravity current cascading event, and the time
scales characteristics of such events.

Since the objective of the work was a process study, the background
thermohaline field has been defined using the MEDAR winter climatology and
the characteristics of the simulated plume from the mooring data available along
the canyon. According to [2] and [3] the Cap de Creus Canyon is the main
pathway for dense shelf water cascading, due to its strategic position at the
point where the cyclonic circulation of the dense water formed in the Gulf
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converges. Dense waters preferentialy enter the Cap de Creus Canyon across
the southern canyon wall due to the coastal constrain, showing a pulsating
nature with a periodicity of 3-6 days, presumably associated with the cross-
slope fluctuation of a topographic wave [4]. For this reason, the model was
setup with the plume entering the domain at its southwestern edge.

In order to compare model results with available data, the tripod and mooring
mooring measurements (Fig. 1) were analyzed, focusing only on the beginning of
the 2005 cascading event. In particular we chose the first plume, detected at the
deepest mooring, from February 3 to 8t 2005 (Fig. 2). Despite this event
being constituted by a succession of 8-9 smaller impulses, each of them lasting
less than 1 day (Fig. 2), its time scale resulted to be particularly suitable for
being modelled with a process study approach, focusing on the dynamics of a
“single” plume, instead of the dense water cascading during the whole winter.
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Fig. 2. Temporal evolution of potential temperature, recorded by the 750 m
depth mooring, during the selected plume event extracted from the whole record.

This study could be the framework of a model-based experimental design, since
the numerical results can provide helpful information about the most suitable
locations of continuously measuring instruments along the canyon, increasing
the probability to detect the main flow of the descending plume.
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STRUCTURE HYDRODYNAMIQUE ET VARIATION DE LA CHLOROPHYLLE A AU NIVEAU D UN
TRANSECT DANSLE DETROIT DE GIBRALTAR
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Abstract

Les parametres hydrologiques (température, sdinité, sels nutritifs) et biologique (chlorophylle ‘a’) ont été étudiés au niveau d’un
transect vertical dans le détroit de Gibraltar (radiale Camarinal) en 2006 et 2007. Les diagrammes T/S et les profils CTD montrent
I'existence de deux masses d'eau : I'une superficielle d’ origine atlantique, chaude et moins salée et I’ autre profonde, froide et plus
salée, d origine méditerranéenne. La variation de la teneur en chlorophylle ‘@’ est moins accentuée le long de la colonne, par contre
elle différe d’ une période &I’ autre, avec une faible richesse en période froide (décembre).

Keywords: Chlorophyll-a, Strait Of Gibraltar, Temperature, Salinity, Nutrients

Introduction

Le détroit de Gibraltar est le siege d' une circulation complexe caractérisée par
I"existence de deux systémes de masses d'eau : I'eau atlantique entrant en
surface de direction est et I'eau méditerranéenne sortant en profondeur de
direction ouest [1] et dont le débit moyen d'échange a travers le détroit est
estimé a0,7 Sv [2]. La couche d'interface AMI (Atlantic-Mediterranean
Interface), a uneépaisseur significative, caractérisée par une halocline bien
marquée, définie 437 psu avec des valeurs plus dlevéesvers|’est [2], [3]. A ce
niveau, |I'abondance de la chlorophylle et du microplancton, a tendance a
augmenter du sud-ouest au nord-est et coincide avec |’ élévation graduel de la
profondeur de I’ interface dans la méme direction [4].

Matériel et M éthodes

Le transect étudié est situé sur la longitude 05°45'W et comporte 5 stations
entre 35°52,7 et 35°58,5N. Les périodes d’ étude correspondent & mars, mai,
décembre 2006 et mai, juillet, novembre 2007. La température et la salinité ont
été mesurées par la CTD et les échantillons d’eau ont été prélevés selon un
dispositif de bouteilles associé alaCTD. Le dosage de I’ oxygene dissous a été
réalisé par la méthode de Winkler, les sels nutritifs par spectrophotométrie et
lachlorophylle ‘a par fluorimétrie (Turner Desings-10 AU).
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Fig. 1. Profils de CTD, d’oxygene dissous et des nutriments au niveau
delastation 3

Résultats et Discussion

Les diagrammes T-S et les profils des parameétres physiques (CTD), montrent
I"existence de deux masses d'eau, Séparées par une interface d' épaisseur
variable (40 250 m) et dont la position est variable (100 m a160 m) selon la
profondeur maximale de la station. Cette zone est marquée par une halocline
trés nette surtout au niveau de la station 3, située dans le chenal principal.
Ainsi, en surface, I eau atlantique est caractérisée par une salinité moyenne de
36,3 psu et une température variable en fonction de la saison (>15°C) ; alors
que I’ eau méditerranéenne plus salée (> 38 psu) et froide (< 13,5°C) est située
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au dela d'une profondeur de 200 m (station 3). La variation des nutriments le
long de la section Camarina montre une richesse qui suit |’ apparition de I’ eau
méditerranéenne marquée par une nitracline importante a partir de I’interface
jusqu'au fond (Figure 1, cas de la station 3). La zone d'étude se caractérise
également par la présence d ondes internes qui peuvent modifier le profil des
paramétres hydrologiques le long de la colonne d’ eau, (cas de la station 3, mai
2006). Ces ondes internes sont générées pres du chenal Camarinal [5].

La distribution de la chlorophylle’a est peu variable le long de la colonne
d'eau et les concentrations sont faibles (< 0,5 pg/l). Généralement, I'eau
atlantique est relativement plus riche en chlorophylle‘a que I'eau
méditerranéenne profonde, malgré sa forte richesse en nutriments. Dans les
couches sub-superficielles, les conditions en lumiére sont optimales mais
limitées en éléments nutritifs, alors que la situation est inverse au fond. Le
suivi temporel de la teneur en chlorophylle‘a au niveau de la station 3,
montre des valeurs trés faibles le long de la colonne d’'eau, enregistrées en
décembre, en relation avec la variation saisonniére. Le maximum (0,47ug/l) est
observé en mai, & 80 m de profondeur, associé alathermocline (Figure 2). Le
développement et I'importance du maximum de chlorophylle (DCM = Deep
Chlorophyl Maxima) sont inversement liés a la distance entre I'AMI et la
thermocline [4]. Cette position est décisive, car la vitessea proximité de
I"interface est faible ce qui permet une accumulation préférentielle des cellules
phytoplanctoniques a ce niveau [4].
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Fig. 2. Distribution de la chlorophylle ‘a au niveau de la station 3
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Abstract

The present tidal forecast system in Venice has been operational for more than 20 years. The present average accuracy is of better
than ten cm for forecasts up to 6-hours.. In highly severe storms wind waves contribute substantialy to the tide level in the Venice
lagoon via the set-up effect. Therefore ISMAR and IPSM are jointly managing an operational wave forecast system for the Adriatic
Sea. The driving is given by the surface winds produced by ECMWF as input to the WAM wave model with 1/12 degree resolution.
The results are validated using the data collected at the ISMAR oceanographic tower, 15 km offsahore the Venice lagoon

Keywords: Models, Adriatic Sea

The area of interest

Large scale wave modelling are openly available. For instance, the European
Centre for Medium-Range Weather Forecasts (ECMWF, Reading, U.K.)
provides ten day forecast worldwide. However, these large models, while very
accurate in the open oceans, fail to provide comparably accurate results in the
inner seas, like the Mediterranean or, at greater extent, the Adriatic Sea. This led
to the development of systems as NETTUNO, a combined product of the
Italian National Meteorological Service and ISMAR, and HENETUS, here
described, a system devoted to the Adriatic Sea[1] with the aim, among others,
of improving the tidal forecast in the Northern Adriatic Sea. The grid used for
our purposes has 1/12 degree resolution. A higher resolution can be used in front
of the Venice lagoon to take into proper account the coastal effects of breaking
waves (see

below).
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Fig. 1. Wavefield forecast in the Northern Adriatic Sea

Input information

The input to the model is the daily forecast provided by ECMWF. However,
the ECMWF winds on the Adriatic are strongly underestimated. Therefore,
before passing them to the wave model, the wind speeds are corrected with an
objective procedure based on long term comparison between the ECMWF
winds and the extensive data available from the QUikSCAT scatterometer [2].

Modelling

The WAM wave model [3] is used for the daily application. WAM has been the
first advanced, so-called third-generation wave model.. The ECMWF wind data
are daily received by ICPSM and passed to ISMAR. The wave results are
available early in the day and transferred immediately to ICPSM. Tidal forecast
by ICPSM has been operational for more than 20 years with ever increasing
accuracy, presently between 5 and 10 cm at 6-hour distance . However, to avoid
an underestimate during the most severe sirocco storms associated to set-up,
wave effect on coastal sealevel needs to be taken into account..

Model results
The output of the model is available both as numbers and graphics. The
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graphical output for the most northerly part of the Adriatic Sea is shown in
Figure 1. It represents a strong event of sirocco happened in April 2009. The
use of shading plus the arrow pointing to wave height and direction provides a
clear and intuitive representation of the situation. These maps are available at 3-
hour intervals for the next 72 hours. These forecasts in front of the Venice
coastline are verified by comparison with the data recorded at the ISMAR
oceanographic tower. The statisticsis shown in Figure 2, showing the results for
the later analysis (AN) and for the forecasts at 1 (F1), 2 (F2) and 3 (F3) day
distance. The comparison shows clearly the high quality of the forecasts, more
than enough for any practical use.

WAVE COMPARISON IN ADRIATIC SEA

period: 1 JAN 2009 - 31 DEC 2009
location: ISMAR-TOWER (45.25N 12 50E)
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Fig. 2. Comparison between analysis and forecast wave heights versus the
measured values on the "Aqua Alta" ISMAR oceanographic tower.

References

1 - Bertotti L. and Cavaleri L., 2009. Wind and wave prediction in the Adriatic
Sea, J.Mar.Sc.(available online).

2 - Cavaleri L and Bertotti L., 1997, In search of the correct wind and wave
fieldsin aminor basin, Mont.Weat.Rev, 125, 8, 1964-1975.

3 - Komen G.J, Cavderi L., Donelan M., Hasselmann K., Hasselmann S. and
Janssen P.A.E.M., 1994. Dynamics and Modelling of Ocean Waves, Cambridge
Univ. Press, 532pp.

Rapp. Comm. int. Mer Médit., 39, 2010


http://www.tcpdf.org

MODELLING THE MEDITERRANEAN SEA INTERANNUAL VARIABILITY OVER 1961-2000: FOCUS ON
THE EASTERN MEDITERRANEAN TRANSIENT (EMT)

J. Bewvier * | F. Sevault 2, M. Herrmann 2, H. Kontoyiannis 3, W. Ludwig 4, M. Rixen ®, E. Stanev 6, K. Béranger 1 and S. Somot 2
1 Unité de Mécanique, Ecole Nationale Supérieure de Techniques Avancées ParisTech (ENSTA-ParisTech/UME), Palaiseau,
France - jonathan.beuvier@ensta.fr
2 Centre National de Recherches Météorologiques (CNRM), Météo-France, Toulouse, France
3 Hellenic Center for Marine Research (HCMR), Athens, Greece
4 Centre de Formation et de Recherche sur I'Environnement Marin (CEFREM), Perpignan, France
5 NATO Undersea Research Center (NURC), La Spezia, Italy
6 |nstitute for Coastal Reasearch (ICR), GK SS Research Center, Geesthacht, Germany

Abstract

We study the climate variability of the Mediterranean Sea and the Eastern Mediterranean Transient by carrying out a simulation over
1961-2000 with a Mediterranean OGCM driven by realistic interannual high-resolution air-sea fluxes. Interannual databases for
Atlantic T-S characteristics and rivers and Black Sea runoff are used. The sequence of the EMT events is well reproduced: the high
winter oceanic surface cooling and drought over the Aegean Sea in the early 1990's, the high amount of dense Cretan Deep Water

formed during these winters and the overflow and the spreading of this CDW in the eastern Mediterranean.
Keywords: Eastern Mediterranean, Water Convection, Circulation Models, Aegean Sea, Air-Sea | nteractions

In this work, we study the Mediterranean interannual variability and in
particular the Eastern Mediterranean Transient, by using NEMOMEDS, an
eddy-permitting Mediterranean OGCM at 1/8° of resolution (about 10 km),
regional version of the NEMO model. A redlistic hindcast is performed from
1961 to 2000, forcing the model with daily atmospheric fluxes produced with
ARPERA, a dynamical downscaling of the ERA40 reanalyses (resolution of
about 50 km). Interannual datasets are used to represent the hydrological fluxes
of the river runoff [1], the Black Sea discharge [2] and the Atlantic Water
characteristics [3], in addition to the freshwater flux from the atmosphere.

Considering heat and salt contents at basin-scale, the simulation show a good
agreement when comparing to an interannual gridded database based on
observations [4]. This simulation is able to reproduce the sequence of the EMT
eventsin very good agreement with the observations [5]:

- the strong heat and water losses at the surface of the Aegean Sea observed
during the winters 1991-92 and 1992-93 (respectively -73 W/m? and -2.0
mm/day in NDJF 1991-92, -65 W/m? and -2.8 mm/day in NDJF 1992-93, in
agreement with [6]), due to the relatively high resolution of the ARPERA
atmospheric dataset,

- the strong winter convection in the Aegean Sea triggered by these strong
atmospheric fluxes (1.22 Sv of waters denser than 29.2 kg/m3 formed in 1993, in
which 0.48 Sv are denser than 29.3 kg/m3),

- the huge outflow of dense waters from the Aegean Sea to the lonian and
Levantine basins through the Cretan Arc straits, especially through the eastern
part during the two years following the intense convection event,

- the spreading of this water mass in the eastern Mediterranean, with a scheme
of the path followed by this dense water mass from 1993 to 2000 (Fig. 1): the
waters exiting the Aegean Sea through the western straits of the Cretan Arc
spread in a cyclonic manner in the lonian Sea; the waters exiting the Aegean Sea
through the eastern straits of the Cretan Arc spread in the Levantine basin: a
part of them crosses the Cretan Passage and joins the waters outflowing from
the western straits while another part sinks at deeper levels in the Levantine
basin. That part first spreads southwards following the bathymetry in a
cyclonic manner and also propagates eastwards mainly driven by diffusive
processes or trapped by eddies.

Among the preconditioning hypotheses proposed in the literature, we find that
in the simulation:

- the surface circulation was modified in the late 1980's and the early 1990's,
changing the AW path in the Levantine basin; combined with a long drought
period over the far eastern Mediterranean which induces a salt increase of the
surface layer in this area, this led to a salt increase of the Aegean Sea through a
saltier AsiaMinor Current,

- the three anticyclonic eddies observed in 1991 play a role in deviating and
trapping the AW in the Levantine basin, rather than the LIW as mentionned in
the literature, whereas those eddies are not at the observed locations,

- there was no huge decrease of the Black Sea freshwater discharge during the
early 1990's according to our interannual dataset,

- severa convection events in winters 1987, 1989 and 1990 took place before
the major events of winters 1992 and 1993; they induced a steady filling of the
Aegean Sea by the dense waters formed during these winters.

The sensitivity of using different hydrological fluxes on the simulation of the
sequence of the EMT isinvestigated in [7].
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Fig. 1. Scheme of the path followed by the CDW after having exited the Aegean
Sea. In full lines: direct advective path. In dashed lines: indirect diffusive path.
Contours in back: bathymetry (in meters) of the NEMOMEDS8 model, interval
of 250 m from 1000 m to 4000 m.
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A multi-scale coastal ocean model representing the entire Turkish Straits System (Aegean-Marmara-Black Seas and connecting
straits) is one-way coupled to a 1 km basin-scale ocean model of the same region. The modeled three-dimensional circulation anc
density structure of the TSS is examined through comparison to observations of currents and density taken during the TSS08 sea trial.
Keywords: Coastal Models, Circulation, Bosphorus, Dardanelles, Marmara Sea

Two narrow, shallow straits, i.e. the Dardanelles and the Bosphorus, form a
physical connection between the Marmara Sea and its adjacent water bodies,
the Aegean Sea to the southwest and the Black Sea to the northeast. This
collection of seas and straits is known as the Turkish Strait System (TSS).
Sdine, dense water from the Aegean flows in a deep, lower layer through the
Marmara Sea to the Black Sea while fresher, lighter Black Sea water flowsin a
surface layer to the Aegean Sea. Though the TSS dynamics are the result of
interconnections between the interconnected straits and ocean basins, earlier
modeling efforts (e.g., Staneva et al., 2001; Oguz, 2005; Kourafalou and
Tsiaras, 2007; Kanarska and Maderich, 2008) have focused on dynamical
studies of individual straits or seas. Often the geometric complexity, broad
range of spatial scales present, and computational requirements to represent
such disparity have prevented study of the TSS as awhole.

For this study, we utilize state-of-the-art modeling practices to capture the
range of spatial scales, geometric complexity and interconnected dynamics of
the TSS (Figure 1). A model based on unstructured grids has the resolution,
using a minimum element edge length of 20 m, necessary to model flow in the
narrow straits whose minimum width is approximately 600 m. The ADvanced
CIRCulation Model (ADCIRC), solves the three-dimensional flow and
transport eguations using a finite element discretization with a terrain-
following, generaized, stretched coordinate system applied in the vertica
(Luettich and Westerink, 2004; Dresback and Kolar, 2009). Flexibility of the
finite element mesh not only captures the fine scales within the straits but is
also able to represent mesoscale variability in the Marmara Sea while coupling
to abasin scale model in the Aegean and Black Seas. Basin-wide dynamics are
captured by the HYbrid Coordinate Ocean Model, HY COM, which applies
the finite difference method over a structured grid to solve the primitive mass
and momentum balance equations (Bleck, 2002). HY COM'’s hybrid vertical
coordinate alows the use of three vertical coordinate types (depth, terrain-
following and isopycnal) which better represents thermohaline dynamics in
waters of rapidly varying bathymetric change. Within the HY COM Aegean-
Marmara-Black Sea model (HY COM-AMB), both straits are represented as
idealized channels since the current resolution (~1.3 km) is not sufficient to
resolve the geometry of the straits.

Fig. 1. ADCIRC finite element model domain for the Turkish Strait System
including a zoom of the mesh refinement in the Dardanelles Strait (upper left)
and Bosphorus Strait (lower right).

Model experiments presented focus on the period of the TSS08 sea trial (a
joint project between the NATO Undersea Research Center and the U.S.
Nava Research Laboratory), starting in late August and extending through
November 2008. During one-way coupling as shown schematicaly in Figure
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2, ADCIRC is initialized by temperature, salinity, velocity and water surface
elevation fields from HYCOM-AMB solutions. At the open ocean
boundaries, HY COM-AMB values for elevation, temperature and salinity are
updated daily throughout the ADCIRC model simulation. Surface forcing for
both models is derived from the Navy's Coupled Ocean-Atmospheric
Mesoscale Prediction System (COAMPS). The capability of ADCIRC to
represent two-layer stratified flow dynamics both in the straits and in the
Marmara Sea is examined along with the response of the currents and density
structure over the water column to wind forcing. Observations include
measured currents from ADCP moorings located at the ends of each strait in
the TSS, CTD casts aong the Dardanelles Strait and drifter deployments in
the Marmara Sea. Observed features of interest include flow reversals in the
straits during strong storm events, high-frequency current variability, and the
persistence of circulation gyresin the Marmara Sea.
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Fig. 2. The ADCIRC-HY COM coupled model system.
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Abstract

Eddy processes of the Western Adriatic Current near Cape Gargano are highly modulated by the wind, growing during calm periods
following strong wind events. Both single anticyclones and trains of multiple eddies with a regular spacing are observed. Suppression
of asingle anticyclone in the lee of the Cape was observed by profiling SEPTR moorings to occur when the horizontal gradient of the
thermocline depth was increased by the wind. Eddies also form cyclonic filaments extending offshore. Such a filament was observed
through the new technique of seismic oceanography to have downslope tilting isotherms and a long, thin, offshore extension in the

bottom boundary layer.

Keywords: Fronts, Mesoscale Phenomena, Adriatic Sea, I nstruments And Techniques, Turbulence

Recent measurements from two international collaborative research programs
reveal new details of eddy activity and instability of the Western Adriatic
Current (WAC) as it rounds Cape Gargano in the central Adriatic Sea. The
“Dynamics of the Adriatic in Real-Time” (DART) program was focused on
understanding the predictability of this system with observation and
modelling from October 2005 through September 2006. These included, among
other things, measurements from long-term current moorings, profiling SEPTR
moorings, tow-yo CTD profiles, remote sensing, and high-resolution
modelling using the U.S. Navy Coastal Ocean Model. Remote sensing and
modelling, supported by in situ observations, revealed two distinct cases of
WAC eddy activity [1]. In the first case, a single anti-cyclonic circulation cell
(typically 20-30 km horizontal and 25 m verticd scale) forms on the
downstream side of the cape in the Gulf of Manfredonia (Figure 18). In the
second case, a multiple eddy train (30-40 km crest-to-crest wavelength) forms
along the coast upstream of the cape and proceeds around it (Figure 1b). Both
cases are linked to wind patterns; eddies grow and propagate as southeastward
winds relax, and are suppressed when these winds are strong. Profiling SEPTR
mooring measurements observed anticyclonic eddies in the lee of the Cape
when the thermocline slope was weak and the absence of eddies when strong
southeastward winds strengthened this thermocline slope.

Isolated Eddy East of Cape Multi-Eddy field spanning Cape

Fig. 1. Remote sensing Chlorophyll-a images from MODIS Aqua showing
representative cases of (a) single anticyclonic WAC eddy downstream of Cape
Gargano and (b) multiple eddy train around the Cape. Thisis a reproduction
of Figure 2 from [1].

The AdriaSeismic09 research campaign used the new technique of seismic
oceanography [2] to image the temperature gradient structure of the WAC
frontal system during March 2009 at very fine horizontal scales (order 10 m).
Sampling captured the details of a third WAC eddy case, a cyclonic filament
extending offshore following a strong wind event (also observed during DART
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[3]). Both microstructure profiler and seismic sections crossed the filament
multiple times. The filament frontal structure was baroclinic with down-
sloping isotherms. Near the bottom, the tilt extended into along, thin, offshore
extension of coastal watersin the bottom boundary layer, followed by a subtle
up-tilting structure offshore. These structures were al successfully imaged
(Figure 2) by seismic measurements, revealing new fine-scale details of the
filament structure that couldn’t have been measured otherwise.

Although Adriatic wind regimes and Cape topography provide the background
setting for eddy formation, frontal instabilities and mixing processes determine
many details of eddy structure and evolution.

Distance (km)
0 10

20 30

Depth (m)

Fig. 2. Seismic reflectivity image showing the structure of the vertically tilting
WAC filament edge (left), thin offshore extension of cold bottom water
(center), and offshore up-tilting structure (right). Reflectivity is measured at 5-
10 m horizontal resolution and is associated with band-limited vertical
temperature gradient. E.g., the colder water at the bottom causes a decrease in
sound speed and a negative reflection (black over white). The largest
reflections correspond to temperature changes of about one degree C over ten
meters of depth.
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Abstract

From September 2008 through February 2009, Acoustic Doppler Current Profilers (ADCPs) measured flow in pairs at the four
entrances and exits to the Turkish Strait System. Barotropic tide structures were observed for both diurnal and semidiurna
frequencies in the Aegean/ Dardanelles entrance. At the Dardanelles/Sea of Marmara entrance some baroclinic structure was
observed with diurna tides having higher energy in the upper layer compared to the lower layer. Baroclinic structure in the semi-
diurnal tides was observed at the Bosphorus/Sea of Marmara entrance and diurnal oscillations were weak. Both diurnal and semi-
diurna oscillations were weak at the Bosphorus/Black Sea entrance as the temporal evolution of the flow was more concentrated at

low frequencies in the form of a mid-water-column jet.
Keywords: Aegean Sea, Black Sea, Bosphorus, Dardanelles, Tides

The U.S. Naval Research Laboratory in collaboration with NATO Undersea
Research Centre and the Turkish Navy Office of Navigation, Hydrography and
Oceanography, undertook a scientific research program, Exchange Processes in
Ocean Straits (EPOS) that included an observational effort from September
2008 through February 2009 of maintaining pairs of bottom-mounted, upward-
looking Acoustic Doppler Current Profilers near al entrances (exits) of the
Turkish Strait System. Simultaneous current measurements allow connectivity
ranging from high-frequency to seasonal processes to be investigated. One
aspect of EPOS was to examine the frequency response of this system which
includes very narrow passages and two vertical layers of opposed and energetic
flow and exchange [1]. E.g., how do processes that are forced synoptically or
faster propagate through the system and what is the baroclinic structure of their
evolution?

To investigate this, rotary spectra were calculated from all the ADCP records
separately for all depths. We used Welch's averaged periodogram method over
block lengths of 43 days and 50% overlapping Hanning windows. No significant
polarity differences were found between clockwise and counterclockwise
spectra suggesting the absence of inertial activity at al four sections. There is a
remarkable difference in the spectra results for each ADCP current section,
particularly with regard to tidal oscillations. Diurnal and semidiurnal tides were
clearly present at both ends of the Dardanelles Strait. The structures were
primarily barotropic at the Aegean/Dardanelles entrance (Fig. 1, left). In
contrast, at the Dardanelles/Sea of Marmara entrance the diurna fluctuations in
the lower layer entrance were notably weaker than fluctuations in the upper
layer (Fig. 1, right). This suggests that the Dardanelles Strait geometry and/or its
baroclinic structure has acted to extract some energy from the barotropic tide
and convert it into baroclinic processes. Also, the differences between the
diurnal and semidiurna responses show afrequency dependence on this action.

At the Bosphorus/Sea of Marmara entrance the tidal frequency spectral peaks
were different than those observed at the Dardanelles/Sea of Marmara entrance.
Diurnal fluctuations were mostly absent and the semi-diurnal fluctuations had
baroclinic structure, again with stronger spectral peaks in the upper than the
lower layer (Fig. 2, left). This suggests that oscillations at diurnal and semi-
diurnal frequency are not passing unatered through the Sea of Marmara. The
observed spectra at the Bosphorus/Black Sea entrance differed the most from
the others as spectral energy was concentrated in the middle of the water
column and at lower frequencies (Fig. 2, right). Flow was maximized in the
upper portions of the lower layer in a jet-like structure as compared to
maximums in the upper portions of the upper layer at other sections. Weak
(primarily semidiurnal) tidal oscillations persisted in the upper layer and the
flow maximum jet, but were virtualy absent in the bottom of the water
column. This suggests that the Bosphorus Strait geometry and/or its baroclinic
structure also acts to alter or block higher frequency oscillations.

Analysis of these results has just begun and is ongoing. However, we can
conclude that diurna and higher frequency oscillations are an important
component of the variability of the flow in parts of the Turkish Straits system,
and that the Straits System acts to significantly affect the transmission of these
frequencies.

Aegean/Dardanelles Dardanelles/Sea of Marmara

0 1 2 3 0 1 2 3
frequency (cycles/day) frequency (cycles/day)

Fig. 1. Clockwise rotary spectra for representative moorings and depth levelsin
the Dardanelles Strait. The major tidal frequencies are marked by dotted lines.

Bosphorus/Sea of Marmara Bosphorus/Black Sea

PSD (cm?/s? day)

10° in
0 1 2 3 0 1 2 3

frequency (cycles/day) frequency (cycles/day)

Fig. 2. Asin Figure 1, but for the Bosphorus Strait.
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Abstract

The mass contribution to Mediterranean Sea level variability is estimated from steric-corrected atimetry and from GRACE
observations for the period August 2002 to December 2006. The good agreement between GRACE observations and steric-corrected
altimetry supports the quantification of the long-term mass contribution in terms of non-steric sea level in the Mediterranean. For the
past decades, total sea level fields are reconstructed using a reduced-space optimal interpolation of altimetry and tide gauge data. The
steric component is evaluated from hydrographic observations available for the same period. Results indicate that the mass content
has increased at a rate of 0.8+0.2 mm/yr for the period 1948-2000. When the effect of the atmospheric pressure is removed, the trend

of the mass component is 1.2+0.3 mm/yr.
Keywords: Sea Level, Geophysics, Global Change

Introduction

In this paper we first use atimetry, GRACE and hydrographic observations
spanning the period 2002-2006 to assess the consistency between total sealevel
and its two components (steric and mass) in the Mediterranean Sea. Fenoglio-
Marc et a. [1] and Garcia et al. [2] carried out similar works for the period
2002-2004, but they only focused on the seasonal sea level cycle. Here we
consider both intra and inter-annual variability. Other differences with respect
to those works are that they use model data (not hydrographic observations) to
estimate the steric cycle and that an improved and longer GRACE data set has
been made available since then. The good agreement found between GRACE
observations and steric-corrected altimetry supports the quantification of the
mass contribution in terms of the non-steric sea level in the Mediterranean.
Hence, we also evaluate the mass contribution to sea level for the period 1948-
2000.

Data sets

The Level-2 Release-04 (RLO4) gravity coefficients computed at the Center for
Space Research (CSR) and distributed by the GRACE project are used to
estimate water mass variations in the Mediterranean Sea between August 2002
and December 2006. A hydrologycal model is used to correct the effect of land
waters. The post glacial rebound correction is also applied. To obtain the basin
average a smooth averaging kernel is used.

For the period 2002-2006 the Mediterranean mean sea level is computed from
Altimetry data while for the period 1948-2000 total sea level fields are
reconstructed using a reduced-space optimal interpolation of altimetry and tide
gauge data [3]. The steric component is evaluated from hydrographic
observations [4]. The errors associated with total sea level and the steric
component are evaluated in order to obtain the uncertainty of non-steric sea
level.

Results and discussion

Consistency between non-steric sealevel and GRACE observationsis found for
the period August 2002 to December 2006 (Fig.1l). The observed mass
component from GRACE and the estimated contribution from non-steric sea
level have a correlation of 0.75 (significant at the 95% confidence level). The
existence of a seasonal cycle in the mass component of Mediterranean mean ses
level is not evident and, if it exists, it is not the most energetic signal. The linear
trend of the steric-corrected altimetry and that obtained from GRACE are fully
consistent: their values are 2.1+0.6mm/yr and 2.1+0.5 mm/yr, respectively.

The consistency between non-steric sea level and GRACE observations
supports that the mass component can be obtained as the non-steric
contribution of Mediterranean sea level for a longer period. The overall trends
computed for the period 1948-2000 are-0.25+0.04 mm/yr for the steric
component and 0.96+0.05 mm/yr for the atmospherically-corrected total sea
level. The net mass contribution to sea level trends would then be of the order
1.2+0.3 mm/yr. When the atmospheric component is included the mass
component shows a smaller trend: 0.8+0.1 mm/yr. Those values are in
agreement with the global mean value obtained by Domingues et a. [5] for the
period 1961-2003 (between 0.8 and 1.1 mm/yr).
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Fig. 1. Mediterranean mean sea level variability and its components with
error bars for the period August 2002 to December 2006:
(atmospherically-corrected) total sea level (top), the steric component of
mean sea level (middle), and the mass component of sea level (bottom).
Black lines show the observed estimates from satellite altimetry (top), the
Ishii dataset (middle) and GRACE (bottom), respectively. Grey lines show
the estimates obtained by adding or subtracting the other two
observational components.
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Abstract

Data collected from meteorological stations in the Turkish Straits System around the Marmara Sea are used to assess the
performance of atmospheric models in predicting the winds. The Coupled Ocean/Atmosphere Mesoscale Prediction System,
COAMPS is applied using different spatial resolutions ranging between 1 km and 27 km to investigate the effect of model spatia grid
resolution on accuracy of the computed wind field. The influence of the ocean dynamics on the atmospheric winds is also investigated
by comparing wind field predictions from a fully coupled COAMPS with those from the uncoupled (stand-alone atmospheric)
COAMPS. Following the examination of the wind products, the importance of using high resolution wind forcing for ocean circulation

predictions is eva uated.

Keywords. Marmara Sea, Air-Sea Interactions, Wind/Font, Circulation, Atmospheric Input

The Turkish Straits System (TSS) contains the Dardanelles and the Bosphorus
straits that connect the Marmara Sea to the Aegean and the Black Sess,
respectively. Fresh, light Black Sea water flows at the surface towards the
Aegean Sea while saline, dense Mediterranean water flows deep in the opposite
direction resulting in a two-layer stratified flow in both straits. Winds over the
region play a major role in generating various features within the TSS system,
i.e. blocking of the deep (surface) flow within the straits by Northerly
(Southerly) winds; the spread of the Dardanelles outflow plume over the
Aegean Sea; and the circulation pattern within the Marmara Sea among the
others. Since the winds are the dominant external forcing applied to the ocean
models, accurate predictions of winds by atmospheric models are crucia for
accurate predictions of the flow dynamics.

Hourly wind direction and speed data collected from 13 meteorological stations
located around the Marmara Sea between May 2008 and June 2009 are used to
assess the performance of atmospheric models in predicting winds. The
measurements recorded every ten minutes by two Meteo-buoys on the
Marmara and Black Seas are aso included in the evauation. The atmospheric
models under consideration are the Coupled Ocean/Atmosphere Mesoscale
Prediction System, COAMPS [1], and the numerical weather prediction model,
COSMO-ME, based on the non-hydrostatic Lokall-Model(LM) [2]. COSMO
is the COnsortium for Small scale MOdeling and COSMO-ME is a particular
application running on the Southern Europe/Mediterranean Sea domain managed
by USAM (Meteorological Service of the Itaian AirForce). It has a spatia
resolution of 7-km while COAMPS has a coarse operational grid resolution of
27-km. Local configurations of the COAMPS model for grids of 9-km, 3-km and
1-km are also considered.
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Fig. 1. Wind speed variation (36-hour averaged) over September and October
2008 a Canakkale and Bandirma meteorological station locations:
Measurements (solid), 7-km COSMO model results (dash) and 27-km
COAMPS model results (dot).
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Fig. 2. Frequency and coherence spectra of wind direction measurements vs. the
COAMPS (27-km) and COSMO (7-km) model results for Canakkae and
Bandirma meteorological stations.

Both model inter-comparisons (COAMPS vs. COSMO) and model-data
comparisons are conducted. Model-data comparisons consider both the raw and
filtered time series of wind speed and direction. A more detailed statistical
analysis is done by examining the frequency spectra of the modeled and
measured wind fields and the coherence between them. The coarser COAMPS
model is able to capture the low-frequency (36-hour averaged) wind speed
variability as shown in Fig. 1. COAMPS-COSMO comparisons indicate similar
wind field predictions (shown in Fig.1) with the exception of wind direction
during higher frequency wind events such as the semi-diurnal cycle or the
land/sea breeze events as shown in Fig. 2.
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Abstract

During 2001 three oceanographic cruises were carried out in the northern and central Adriatic Sea. Several measurement were
situated along multiple transects. In each station physical and chemical parameters were collected in order to study the dynamics of
the coastal and off-shore area through the space and the time. The basin showed high nutrient variability during all the year. Nutrient
concentrations appeared influenced by river discharge, vertical mixing in the different cruises and uptake from phytoplankton groups.

Keywords: Adriatic Sea, Nutrients, Salinity, River Input

The Adriatic is a continental basin of the Eastern Mediterranean Sea, located
between the Italian peninsula and the Croatian coast; it is elongated in the SE-
NW direction. The northern sub-basin is very shallow and gently sloping, with
an average bottom depth of about 35 m. River runoff is particularly strong in
this area and affects the circulation through buoyancy input and the ecosystem
by introducing large amounts of organic matter. the Po river, with an average
annual discharge of 1500 m3s, accounts for about 50 % of the total northern
Adriatic river runoff [1]. The middle Adriatic is a transition zone between
northern and southern sub-basins, with the three Jabuka depressions reaching
270 m depth. Two currents dominate the circulation in the Adriatic: the West
Adriatic Current (WAC) flows toward southeast along the western (Italian)
coast, and the East Adriatic Current (EAC) flows northwest along the eastern
(Croatian) coast, [2, 3].

The temporal variations of physical and chemical parametersin the Adriatic Sea
were observed during three periods (January, June and September 2001) in order
to increase the understanding of the area. The CTD (Conductivity-Temperature-
Depth) data were collected at al the stations with a SeaBird Electronics SBE
911-plus CTD, equipped with other ancillary sensors. Water samples were
obtained by the upcasts with a SeaBird Carousel rosette water sampler. Water
samples were collected to analyse nutrient salts and DO (Dissolved Oxygen)
with the potentiometric titration method.
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Fig. 1. Winter (a) and late spring (b) surface field of: Salinity (black contour,
interval 1) and Nitrate (color shading, pumol I"1). The dots represent the sampling

During the winter cruise (figure 1a) in situ measurements indicated cooler,
fresher water to the north and warmer, saltier water to the south of the front
located at the southern tip of Istria. Furthermore two months before the cruise
the river discharge was about 3 times higher that the mean value (about 5500 m3
s1). Nutrient concentrations were high along the western boundary and
decreased rapidly toward the east forming a strong front along the western side
of the Adriatic. The nutrient contribution from the Po plume to the north-
western basin is evident in the high nitrate concentrations (6-8 umol I1)
associated with the salinity minimum of the plume. During the late spring cruise
(June, figure 1b) the Po plume remained a significant feature in the northern and
western Adriatic. Offshore from the mouth of the Po River, the surface layer
was characterized by low salinity (30-32) and high temperature (22-23 °C). The
Po plume extended much more eastward in late spring than in winter because the
vertical mixing is reduced [4, 5]. Low nutrient concentrations were observed in
the central basin despite the northern Adriatic shown relatively high nitrate +
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nitrite concentrations (2-4 umol 1"1). The late summer cruise (September)
showed similar patterns of the late spring cruise.

The Adriatic basin showed more nutrient variability during the winter period
because of major river discharge during autumn 2000 and vertical mixing. In
particular, during spring and summer the nutrient concentrations decreased in
most of the basin and this was probably due to uptake from phytoplankton
groups under conditions of high available light. This feature was also evidenced
by high DO concentrations in these periods respect to winter cruise. The
redfield ratios (N/P and Si/P) off-shore were similar to the classic ocean model
but with nutrient concentrations slightly higher. The western coast showed high
redfield ratios that implied processes of eutrophycation probably due to high
river input.
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Abstract

In the framework of the SESAME European project, a coupled physical -biogeochemical model has been developed to simulate the
ecosystem of the Black Sea during the last decades. The biogeochemical model describes the foodweb from bacteria to gelatinous
carnivores and explicitly represents processes in the anoxic layer down to the bottom. After validations of the model, equilibrium states
from climatologic runs are presented, corresponding to identified key time slices. From them interannual run are studied to compare
the interannual variability scales with those between different climatological eguilibrium, for the different component of the ecosystem.

Keywords: Black Sea, Models

In the framework of the SESAME European project, a coupled physical-
biogeochemical model has been developed to simulate the ecosystem of the
Black Sea during the last decades when eutrophication and invasion by
gelatinous organisms seriously affected the stability and dynamics of the
system [1]. The biogeochemical model describes the foodweb from bacteria to
gelatinous carnivores and explicitly represents processes in the anoxic layer
down to the bottom.

For calibration and analyses purposes, the coupled model has first been run in
1D in the central Black Sea [2]. The biogeochemica model involves some
hundred parameters which are first calibrated by hand using published values.
Then, an identifiability analysis has been performed in order to determine a
subset of 15 identifiable parameters. An automatic calibration subroutine has
been used to fine tune these parameters. In 1D, the model solution exhibits a
complex dynamics with several years of transient adjustment. This
complexity isimparted by the explicit modelling of top predators. The model
has been calibrated and validated using a large set of data available in the Black
Sea TU Ocean Base.

The cdlibrated biogeochemical model is implemented in a 3D hydrodynamical
model of the Black Sea (GHER). A first experiment is driven under
climatologic atmospheric, riverine forcings and initials conditions constructed
to correspond to three different time-slices: 60-70 (pre-eutrophication phase),
83-90 (severe eutrophication phase), 93-2000 (recovering). This experiment is
conducted in order to differentiate the equilibrium states reached by the model
for those different forcing sets. Resulting spatial and temporal variationsin the
annual cycle of the different species, as well as chemicals dynamics will be
presented using representations and criticized.

A particular way of representation has been studied to reduce the
dimensionality of the data at hands, making use of the Self-Organized Maps
technology. We will present the basic principles of this method which
automatically recognize self coherent regions in a tempora-multivariate way
of speaking, alowing to gather in a single glance the gross annua dynamic of
the entire model [3].

Then, inter-annual computations have been initialized from those equilibrium
states. Physical dynamics can be accurately criticized in regards with
circulation structures and thermo haline annual cycle, using processed sea
surface satellite images, circulation features identified in literature and in-situ
measurements. This alows us to assess a certain level of confidence
attributable to the biological patterns observed in the results. This comes as a
complement to what the scarcity of biological data alow us to directly
criticize concerning their spatio-temporal correctness [4]. Inter-annual
variability isthen explored under the light of precedent analysis concerning the
different equilibrium states.

During this study, a particular interpolation technique using the software
DIVA has been used to reconstruct the 2D and 3D fields for biological data
needed for initialisation of the model, and those that are used for visual
comparison with the results. This kind of reconstruction, made tricky by the
scarcity of data but nonetheless essentials to model study, will be given some
minutes for presentation and the obtained results will be presented.
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Abstract

During the EMT water inflowing the Adriatic basin were characterised by an anomalous low sdinity. After the year 2003 saltier
waters associated with the Aegean Sea outflow at higher horizons, were able to enter the Adriatic basin and create the necessary
conditions for the deep convection in the Southern Adriatic Pit. The newly dense waters formed profoundly differ from waters of
Adriatic origin observed in the region previously being saltier and warmer than in the past. To confirm this, cruises in two specific
periods (2003 and 2008) were analysed. Data analysis confirmed the increase in salt and temperature in the abyssal area of the lonian
Sea (Zone A) so as the presence of Adriatic Dense water (ADW) in the northwestern lonian (Zone C)

Keywords. Eastern Mediterranean, Adriatic Sea, Circulation, Water Convection, Deep Waters

Using in situ data collected during the last 10 years we investigated the structure
and variability of the abyssal water masses of the Eastern Mediterranean Basin
(EM). Waters inflowing the Adriatic basin were characterized by an anomalous
low salinity over the entire water column and by the absence of the typical
salinity maximum associated with inflowing Levantine Intermediate Water
(LIW). After the year 2000, saltier waters were able to enter the Adriatic basin
and were able to create the necessary conditions for deep convection in the
South Adriatic Pit. The dense waters which were formed since then, however,
profoundly differ from waters of Adriatic origin observed previously in the
region: they are substantially saltier and warmer than in the past. A tendency
toward warming and, especialy, salinification, seems to be confirmed by the
preliminary analysis of very recent data acquired in the area [1], which agrees
with the conjecture that very sdlty intermediate waters flowing toward the
Adriatic basin contribute to reinforce the Adriatic source of EMDW. To confirm
this tendency, temperature, sdinity, and oxygen data sampled during 2008
SESAME cruises in the central (Zone A) and northeastern (Zone C) part of the
lonian basin are compared with the same parameters data obtained during
previous years on the METEOR71-3 (2007) and POS298 (2003) cruises (figure
1).
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Fig. 1. Deep layer salinity profiles carried out during the 2003 and 2008 cruises
in the central lonian Sea.

The analysis of thermohaline parameters of the 2008 cruises confirms the
differences in the EMDW properties for the deep layer (>3000 m) between
2003 and 2008 [2],while no significant changes are observed between the 2007
and 2008 cruises. The analysis of profiles positioned in Zone C (northeastern
lonian), collected during March 2008 cruise, shows clearly the presence of a
vein of Adriatic Deep Water in the layer between 1300-1500 m. Oxygen values
(figure2), potential temperature and salinity present similar characteristics as
those found previously in the Southern Adriatic Pit at ~800m, which seems to
outflow almost geostrophically and which may be attributed to the Adriatic
Deep Water (ADW).
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Fig. 2. Oxygen profiles from CTD casts carried out during the SESAME (2008)
cruises in the northwestern zone.

Another branch of water follows the south westerly direction from the Otranto
Strait reaching the deepest part of the central lonian. We observe a general
increase of temperature and salinity, hence density, during the period 2003-2008
in the bottom layers of the central lonian Sea. This could be directly related to
the changes in the thermohaline properties of the water mass coming from the
Adriatic Sea described above. This trend is confirmed through the time series of
temperature and salinity recorded in the Southern Adriatic Pit, which shows an
increase of salinity and temperature for both Adriatic Deep Waters (ADW) and
LIW between 2003 and 2008 [3]. Starting in 2008, however, this trend seems to
have reverted again, as lower intermediate salinity waters are now observed to
enter the Adriatic Basin.
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Abstract

The HY Perspectral for ADriatic COastal Monitoring project meets requirements for understanding and monitoring the coastal
environments. The understanding of the coastal areas dynamics, their processes and significance for the environment, is becoming
even more a milestone for any future conservation and protection of these areas. The demand for coastal zones managements has
progressively risen due to the increased direct impacts by human activities, which may cause an irreversible damage to the local
natural balance. In particular, the project focuses on improving the knowledge of the Albania and Montenegro coastal area by
integrating different high resolution spatial and spectral remote sensing technologies.

Keywords: Coastal Waters, Remote Sensing, Adriatic Sea

Introduction

The HYPAD.COM project takes place at this strategic moment, when the
Earth Observation (EO) has become an essential component of the global
effort to deal with global challenges.

The purpose of the HY PAD.COM s to promote capacity building in EO, on
existing initiatives and sector-specific needs, like GEOSS planned, in order to
achieve comprehensive, coordinated and sustained in situ and airborne
observations of the coastal area.

The HYPAD.COM activity programme meets the need for timely and quality
local scientific information as a basis for decision making, and enhances
delivery of benefits to society especialy in the following areas, recognized in
the GEOSS 10-Year Implementation Plan: “Improving the management and
protection of terrestrial, coastal, and marine ecosystems” [1].

In the framework of the HYPAD.COM, the integration of the EO
hyperspectral data (airborne and ground-based) has been performed to
improve the quality of the information available from EO data as well as to
characterize the Albania and Montenegro coastal area and the surrounding
lands.

For the purposes of the HYPAD.COM project, the following scientific
objectives, for the coastal area, have been identified:

a) the characterization of the coastal water;

b) the detection of the coastal fresh water;

c) the spectral characterization of submerged aquatic vegetation [2].

The aims of the project devoted to characterize the surrounding land are:

d) the spectral characterization of vegetation/land use and land cover;

€) the spectral characterization of the bauxite refinery residues derived from
aluminium production [3].

Methodology and results

The CNR (National Research Council) through the mediation of Itaian
Ministry for the Environment and Territory “ Direzione Ambientale Ricercae
Sviluppo” has implemented cooperation with some Italian and foreign research
agency for the success of the project. These agencies have shown great interest
in and willingness for project activities, collaborating, constructively and
proposing suggestions. The Albanian- Montenegrin coastal environments
have been selected as study areas in accordance to the loca Institutions
requests.

On the basis of the scientific objectives and proposes defined in the project,
severd actions have been taken:

§ Three oceanographic cruises have been redized, in synergy with the
Adricosm-star project [4], to spectrally characterize the water constituencies
of the coastal waters along the Albanian and Montenegro shorelines. About 90
water column stations were caracterized [5];

§ June 2008, airborne hyperspectral MIVIS survey (53 flightiness) has been
deployed on part of the Montenegro and Albanian coast and on the
Buna/Bojanariver;

§ July 2008 spectral signatures of the main submerged vegetation species were
collected on Montenegro coastal with the objectives to map the submerged
vegetation extension (e.g. Posidonia oceanica) and to analyze the impact of a
growing urbanization of the coastline. About 40 sites were caracterized [3];

§ June-July 2008, field CAL/VAL campaigns were conducted aong the
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surveyed area to define a spectral library of the main land cover units and on
the more significant material in order to be applied in a spectral “ data base”
and to be integrated with the airborne survey.

Conclusions

The HYPAD.COM activities have been carried out within a close and
continuing collaboration of the some Italian and foreign research agency. The
results of the project have generated strongly interest to continue the scientific
research with the involved Institutions.

In front of that, on the Joint Committee of the July 31, 2008 the Ministry of
Environment of the Republic of Albania, Institute of Hydrometeorology of
Albania e University of Tirana declared their formal declaration of interest to
collaborate in the HYPAD.COM project at the Italian Ministry for the
Environment and Territory, as the below minute states:

“Hypad.com (HY Perspectral for ADriatic COastal Monitoring).

Members of the Joint Committee agreed that, since involvement of the
Albanian Institutions (MOEFWA; Institute of Energy, Water and
Environment; Institute of Albanologi Studies) has been important in the
definition of the monitoring activities and of the maor environmenta
problems affecting the area, the possibility of involvement (onerous) of the
above mentioned Albanian Institutions will be taken into consideration in the
proposal of extension of the activities of this project”.
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Abstract

ROMS and SWAN models are used to simulate and to exploit the Marmara Sea general circulation and the response to windstorms
within the framework of the international scientific program “Turkish Straits System (TSS) 08-09”. Model results show a general
circulation in agreement with previous literature and the data collected as well as a remarkable impact of windstorms with complete

reversal of the surface flow and frequent upwelling events.
Keywords: Marmara Sea, Currents, Circulation Models

Between August 2008 and March 2009, the international scientific program
“Turkish Straits System (TSS) 08-09" was carried out under the coordination
of the NATO Undersea Research Centre (NURC, La Spezia, Italy), jointly
with the NRL project “ Exchange Processes in Ocean Straits’ (EPOS). During
September 2008 and February 2009 the NR/V Alliance sampled extensively
the Marmara Sea waters with the deployment of several different instruments
(e.g., CTDs, moorings, bottom-mounted ADCPs and profilers, surface
lagrangian drifters, Wave Raider, meteorological buoy etc.), some of them
providing 1 to 6 months time-series of currents, tracers or meteorological
conditions.

Severa redistic numerical experiments of the Marmara Sea circulation have
been carried out in order to understand the ongoing dynamics, providing
simulations of the autumn-winter general circulation and the windstorm-
induced circulation. The core ocean model used is the Regiona Ocean
Modeling System (ROMS, [1]), run uncoupled or coupled 2-way with the
wave model SWAN [2]. The numerical grid (same for both models) covers the
entire Marmara Sea, with two open boundaries located a few kilometers up
strait in the Bosphorus and Dardanelles straits and a varying horizontal
resolution of 500 — 1500 m. CTD data collected during the field tria either in
late August 2008 or early February 2009 provide the initial field for the ocean
model. Lateral boundary conditions are provided by NRL bottom-mounted
ADCPs (momentum fluxes) while available moorings and CTDs provide
temperature and salinity profiles in the straits. The non-hydrostatic, high-
resolution (7 km in the horizontal) numerica weather prediction model
COSMO-ME, run at the Italian national meteorologica centre of the Italian air
force provides surface boundary conditions for both ROMS and SWAN.

The general circulation derived using ROMS is in agreement with the general
picture provided by [3], and fairly agrees with the observations collected. A
major focus of this modeling exercise is to study the wind driven circulations
in the Marmara Sea and model results show complete reversal of the upper
layer flow depending on the sector of provenance of the wind storm.
Westward (eastward) flow associated with north-easterlies (south-westerlies)
aso trigger upwelling/downwelling dynamics aong the coastline of the
Marmara Sea, with relevant storm-induced basin-wide oscillation of the mixed
layer depth.

In addition, the 2-way coupled ROMS/SWAN model is used to simulate
wave-current interactions in the area. Wave-current interactions are considered
using the Mellor's equation for the inclusion of radiation stress and stokes
drift in the momentum balance equation [4] and the inclusion of wave breaking
as TKE injection as surface boundary condition of the Generic Length Scale
turbulence model following [5]. The impact of wave current interactions is
eventually assessed using skill scores based on surface lagrangian drifters.
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Abstract

The Adriatic-lonian Bimodal Oscillating System (BiOS) is an interna mechanism capable to shape the thermohaline properties and the
biogeochemical pool in the Southern Adriatic. The BiOS mechanism determines the upper-layer circulation (anticyclonic or cyclonic)
in the lonian Sea. Biogeochemically, the interfaces (i. e. the nutricline, and the oxygen minimum / nutrient maximum layer) at the
border of the gyre in the northern lonian are upwelled or downwelled depending on the circulation regime. This results in varying of
the water characteristics advected northward through the Strait of Otranto, and the dynamics and the trophism of the Adriatic Sea.

Keywords: Adriatic Sea, lonian Sea, Nutrients

Recently, the upper-layer circulation in the lonian Sea has been associated with
the deep thermohaline circulation [1] through a negative feedback mechanism
[2], here caled Adriatic-lonian Bimodal Oscillating System (BiOS). In few
words: the lonian upper-layer circulation reverses from anticyclonic to cyclonic
and viceversa (Fig. 1).

Fig. 1. Anticyclonic (left) and cyclonic (right) circulation modes and the
consequent pathways of the major water masses according to the BiOS
mechanism.

The anticyclonic circulation allows the modified Atlantic Water (AW) to enter
the Adriatic, decreasing the average salinity there. In turn, the Adriatic produces
and exports water with progressively lower density. Subsequently, the
isopycnal surfaces along the pathway of the Adriatic Deep Water (AdDW) at
the flanks of the lonian deepen, the corresponding sea level increases, gradually
weakening the anticyclonic upper-layer circulation and finaly inverting the
surface pressure gradient and the circulation from anticyclonic to cyclonic [2]. In
turn, the cyclonic circulation favours the ingression of salty water of Levatine
and/or Cretan origin, now no longer diluted by the presence of the AW. This
increases the sdlinity in the Adriatic, lowering the sealevel along the pathway of
the exported water at the flanks of the lonian, inverting the surface pressure
gradient and finally re-establishing the upper anticyclonic circulation [2]. Due to
the BiOS mechanism, the averaged thermohaline properties in the Southern
Adriatic exhibit a quasi-periodic variability at a time-scale of about 10 years.
The same behaviour, but with an opposite phase, is reported for the time series
of averaged nitrate concentrations during the last 25 years (Fig. 2).

In this case, the decada variability seems to be associated with the vertical
displacement of the interfaces at the border of the lonian gyre. The sequence of
anticyclones and cyclones in the lonian Sea causes a vertical oscillation of the
nutricline and of the oxygen minimum/nutrient maximum layer, determining a
significant variations of the biogeochemical averaged concentration of the
portion of water column horizontally advected towards the Adriatic through the
Strait of Otranto. The comparison of the long-term variations of nutrient
concentrations in the Southern Adriatic and in the northeastern lonian reveals
that the two show coherent behaviour. Mgjor differences in concentration values
are reported for periods when strong winter convection occurs in the Southern
Adriatic [3]. At the re-establishment of the stratification following the winter
convective mixing, the nutrient in the enriched surface layer is consumed by the
primary producers (phytoplankton). Satellite images clearly show the increase
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of biomass immediately after the stratification. Consequently, the nutrient pool
is reduced as a function of the intensity and the number of convective events
[3]. To conclude, we show that the lonian upper-layer circulation has a great
impact on the major water masses pathway and on the horizons of the
biogeochemical interfaces. In turn, the Southern Adriatic represents a sensor for
the lonian circulation and for the state of the thermohaline cell of the Eastern
Mediterranean. In this context, the intense activity of OGS and other Italian and
Croatian ingtitutions within the recent established Southern Adriatic
Interdisciplinary Laboratory for Oceanographic Research (SAILOR) will be
further implemented.
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Fig. 2. Nitrate time-series in the southern Adriatic and northeastern lonian
averaged in the 200-800 m layer.
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Abstract

The objectives of the MERMEX project focus on the understanding of the ecosystems response to likely changes in physical,
chemical and socio-economical forcing induced by global change and by growing anthropogenic pressure. The objectives of
MERMEX workpackage 1 are (i) to assess the budget of nutrients and of some contaminants, (ii) to understand their past and future
evolution, and (iii) to understand the specific stoichiometry of inorganic and organic matter in the Mediterranean Sea.

Keywords: Geochemical Cycles, Nutrients, Western Mediterranean

The questions addressed by the workpackage 1 of MERMEX concern the
evolution of biogenic elements and contaminants in the Mediterranean in relation

45 ‘ T T T T
with specific characteristics: ¢ ;

- amarked limitation of primary production by phosphorus, %L‘SSZHE.’JE&?S

- budgets of nitrogen and silica showing a deficit but based on non synoptic and e s

sparse data boundary condition for models

- an increasing trend for phosphate and nitrate concentrations in deep water asl

mainly in the western basin,

- an increase of anthropogenic input,

- arecent evolution of the stoichiometry of these imputs. P ME S e

The strategy chosen to deal with this question is double: first, to establish
budgets of nutrients and second, to understand their past and future evolution. M
This “budget” approach is complexified by the contrasted functioning of the
different regions of the Mediterranean, from mesotrophy to ultra oligotrophy. It
was then decided to divide the Med Sea in group of regions characterized by
similar trophic regimes and to study for each regime a representative region of
the group. The approach then consists to do a budget of standing crops of C, N, 39r
P in their mineral / organic, dissolved/particulate forms and to characterize their
primary fluxes. These informations will then be used to calibrate and validate [ | : .
numerical models which are the only way to integrate the complex interactions 8 0 2 4 6 ) 10
between hydrodynamical, and bio-geochemical processes.  Following the
classification of [1], four typical trophic regimes have been identified: - the
regions marked by a bloom in late winter-early spring months, - the Fig. 1. Scheme of the HYMEREX cruises. The crosses correspond to CTD
“intermittently blooming’zones with erratic regimes alterning intense biomass ~ Stations, black lines to gliders transects
accumulation and oligotrophic conditions, - the oligotrophic regions with higher
and quite constant biomasses in fall-winter and lower and uniform vauesin late
spring-summer, - the coastal regions characterized by a high biomass in winter
and a more reduced biomass in spring. References
1- 1- D'Ortenzio, F. and Ribera d'Alcala, M., 2009. On the trophic regimes of
In a first time, we want to implement our strategy on the northwestern the Mediterranean Sea: a satellite analysis. Biogeosciences, 6 : 139-148.
Mediterranean representative of the first trophic regime cited above. This region
is characterized by a pronounced spring bloom associated to upward transport
of intermediate or deep water rich in nutrients. The HY MEREX experiment at
the heart of our strategy will be based on three cruisesin fall 2012, spring 2013
and fall 2013. These field cruises will be carried out in collaboration with the
Hymex program, to have a synoptic view of the meteorological and
hydrodynamical conditions in the whole area. Our aim is to reduce the
uncertainties on the air-sea fluxes and on the volume and characteristics of dense
water formed during winter each year, including the impact on the stocks,
composition and quality of organic and mineral matter. For each of these cruises,
an array of 280 stations will be visited in less than 35 days (figure 1) at which
stocks of nutrients, organic matter, contaminants, biogenic fluxes (production
mineralization) will be measured as well as temperature and salinity and
meteorological fluxes. Biodiversity will aso be considered. The modelling will be
initialized from the first array. The boundary conditions will be constrained as
often as possible by regular glider lines, and information from autonomous
profilers and mooring lines. Specific experiments concerning key biological
fluxes (hyperbaric bacterial production, grazing, ...) not in accordance with a
high frequency sampling strategy will be carried out in the same time on a
second ship devoted to processes studies. Besides this experiment that should
alow to improve our hydrodynamic and biogeochemica models, a long-term
monitoring of the biogenic elements will be done by the MOOSE project with
time series at fixed points, mooring lines, ARGO profilers and gliders equipped
with bio sensors allowing to efficiently sample the water column. Finally, we
hope to establish dialogue and collaboration with our colleagues of the different
countries of the Mediterranean to have similar actionsin other typical regions.
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Abstract

The dominant processes governing the circulation in a 40 km x 60 km area off the Italian coast and the Istrian peninsula, Northern
Adriatic Sea, are assessed using surface current measurements from high-frequency radars and high resolution wind fields for the
period September 2007 — August 2008. Time-averaged currents are weak and reveal a cyclonic circulation pattern with intensification
in the northern sector (Fig.1). Vorticity is prevalently positive and related either to current shear or current rotation. The flow in the
region is primarily driven by winds, which impart vorticity to the current fields, whereas tida oscillations within the diurna and

semidiurnal frequency bands have a minor role in the circulation.
Keywords: Tides, Remote Sensing, Circulation, Adriatic Sea

High frequency observations of surface currents in the Northeastern Adriatic
Sea for the period September 2007 — August 2008 reveal a cyclonic circulation
scheme with weaker currents in the southern part of the domain, and an
intensification along the Italian coast to the North where water is shallower and
wind influence is stronger (Fig. 1).
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Fig. 1. Time-averaged surface flow pattern in the investigated area (Northern
Adriatic Sea) as derived from High-Frequency radar observations for the period
August 2007 - August 2008
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Tides are weak, and represent a small fraction of the overall flow variance. High-
frequency non tidal oscillations (inertial oscillations; diurnal-period wind-driven
currents) have different patterns in time and space. Both inertial motions and
non-tidal diurnal-period oscillations increase their contribution during spring and
summer seasons, when the water column is stratified (Fig. 2).

An opposite trend in variance distribution characterize these high-frequency
motions, with diurnal-period currents having their maximum variance in the
Northern part towards the Italian coast and the Trieste Gulf entrance, and
inertial oscillations showing their maxima towards the centre of the Northern
Adriatic basin.

Current vorticity is prevalently positive and related either to current shear to
the North, or to current rotation to the South. Wind stress curl is the major
source of surface flow vorticity for time scales longer than the local inertial
period. For these time scales wind stress curl is balanced by an increased surface
flow divergence.

The dominant wind regimes in the area, namely the bora and the scirocco winds,
drive two different current patterns. Bora enhances the coastal jet along the
Italian coast and introduces a strong cyclonic recirculation in the southern area.
Scirocco on the other hand homogeni zes the flow pattern and forms small-scales
eddies along the Italian coastline in the Northern sector.
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Abstract

The inventory of 137Cs in the Western Black Sea at 2000 m water depth is presently 3.4 kBq m2, not significantly different from that
measured in 1988, but about 1 kBg m2 was transferred from the surface layer to the depth interval 100-400 m. 12 TBqy2 of 137Cs
leave the Black Sea in the surface layer through the Bosphorous and only 2 TBq y~! are brought back in association with the
Mediterranean water from the Marmara Sea. The most important mechanism transferring 137Cs and dissolved contaminants from
surface Black Sea to the sub-picnoclyne layer is mixing on the southwestern shelf, at the exit from Bosphorous, between
Mediterranean Water and surface water, producing an extra export of somel0 TBq yL of 137Cs from the surface layer.

Keywords: Black Sea, Marmara Sea, Radionuclides

Introduction and objectives

Due to the intense direct Chernobyl fallout and to the delayed input from rivers,
the Black Sea has become a point source of radionuclides to the Mediterranean
Sea. Some of these, like the long lived 137Cs, are till easily detectable in the
Black Sea and traceable aong their pathway in the North Aegean Sea The
determination of the spatial distribution of 137Cs in the system Black —
Marmara — N. Aegean Sea can greatly help in elucidating the exchanges of
dissolved contaminants among the basins and the role of the Turkish Straits
System (TSS) in the contaminants budget of the Black Sea.

Study area

In the Black Sea freshwater input from large rivers (Danube, Dniepr, Dniestr
and Don) and precipitation largely exceed loss by evaporation.The density-
driven two-layer exchange flow through the Straits carries the excess of Black
Sea Water to the Mediterranean and the saline Mediterranean water first to the
Marmara Sea and then to Black Sea. This hydrological balance supports a stable
environment, with two main components: colder, fresher, surface waters
overlying warmer, more saline deep waters, separated by a permanent
pycnocline [1, 2]. In May 2007 seawater samples were collected by IMS-
METU in the different water masses of two of the three deep basins of the
Marmara and in the Western Black Sea for the characterization of present 137Cs
vertical profiles and for a first estimate of the fluxes of the radionuclide in the
TSS. We also present here the 137Cs vertical profiles measured in 2001 in the N.
Aegean Sea, to characterize the input of the radionuclide to the TSS in the
Mediterranean Water flow (Fig. 1).

Fig. 1. Study area and sampling sites.

Results

In the Black Sea, surface concentrations are about 20 Bq m and, decreasing
amost exponentially, reach a constant value of 0.7 Bq m at a depth of 600 m.
Comparing this profile with that obtained in 1988 in a nearby station [3], 137Cs
concentration below the halocline has significantly increased, while the levelsin
surface water are less than a half of what expected from physical decay only.
The inventories have not significantly changed: 2.9 kBq m?2 in 1988 (decay
corrected to 2007) and 3,4 kBg m2 in 2007. The increase at depth below the
halocling, in this deep-sea area, compensates the loss at the surface. In the
Marmara Sea surface concentrations are about 15 Bq m3, decreasing to about 4
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Bg m3 in the underlying Mediterranean water. The 137Cs concentration in
the Mediterranean Water entering the Dardanelles was assumed to be 3.5 Bq m"
3, mean value of the 137Cs concentrations in the depth interval 50-300 of the N.
Aegean Sea, corrected for physical decay to 2007. Based on137Cs
concentrations in the different water masses and on volume fluxes estimated by
Besiktepe et a. [2] we have estimated the fluxes of the radionuclide in the
Turkish Straits System (Fig. 2).

DARDANELLES -

MARMARA SEA

Fig. 2. Mean annual fluxes of 137Cs (1012 Bq yl) inthe TSS.

Conclusions

In the Western Black Sea, at 2000 m water depth, about 1 kBg m 2 of 137Cswas
transferred from the surface layer to 100-400 m in the period 1988 - 2007.
Presently about 12 TBq y1 of 137Cs leave the Black Sea in the surface layer
through the Bosphorous and only 2 TBq y! are brought back with the
Mediterranean water from the Marmara Sea, resulting in a net annual loss of 10
TBq y'L. Theinflow of Mediterranean water aone does not explain the increase
of 137Cs concentration and inventory at intermediate depth in the Western
Black Sea. The most important mechanism transferring 137Cs and dissolved
contaminants from surface water to the sub-picnoclyne layer appears to be the
mixing on the southwestern shelf, at the exit from Bosphorous, between
inflowing Mediterranean Water and Black Sea surface water. This process
produces an extra export of somel0 TBq yL of 137Cs from the surface layer. It
is the advection of this water towards the Black Sea deeper layer (200-600 m)
that maintained the inventory constant with time.
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Abstract

A sediment transport model has been applied to the Gulf of Lions to estimate the budget of fine particles over the period running from
December 2003 to December 2008. The consequences of the succession of intense events are examined in terms of sedimentation
and resuspension on the different parts of the shelf, and export toward the slope and the deep basin.

Keywords: Coastal Models, Continental Shelf, Sediment Transport, Western Mediterranean

A modelling approach [1] was used to study during a 6-month period in 2003-
2004 the effect of marine storms and high rivers discharge on the fate of fine
sediment in the Gulf of Lions. This study was extended to a period of 5 years
including a variety of hydrologic and hydrodynamic conditions characteristic of
the region including an exceptional flood of the different rivers of the Gulf, two
severe winters and a few storms associated to moderate to high waves. Thanks
to the monitoring of currents, temperature and turbidity performed on the Gulf
of Lions slope during several crucial periods [2, 3], the model was first
caibrated and validated. The main transport events are satisfactorily simulated.
As both velocity and suspended matter concentration are well represented at the
moorings localized in the canyon known as the main conduit from the shelf to
the slope, the export given by the model is considered as robust. The duration of
the simulation (5 yrs) alows to better understand the different mechanisms
affecting the fate of fine particles. First the role of the Rhone prodelta on the
storage of the river-borne particles, the effect of storms to transport sediment
from east to west and the dense water cascading flushing the matter in the
canyons of the western part of the Gulf. The role of bioturbation to renew the
stock of fine particles in the surface sediment after a storm is aso shown. The
model is used to integrate the effect of these different mechanisms and to
estimate the time constants associated to the transport along the river mouth,
shelf, slope and deep sea continuum. A sediment budget of the different parts of
the shelf and slope is shown on Figure 1.
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Fig. 1. Sediment budget of the December 2003-December 2008 period in meter.
Positive value correspond to deposition, negative values to erosion. White
isocontours indicate the 200, 1000 and 2000m isobaths.

Dark colors indicate mean erosion, light colors indicate accumulation. The Rhone
prodelta accumulates a large part of the continental particulate input to the Gulf
of Lion. Erosion is mainly confined on the inner shelf but the Cap de Creus
canyon was also eroded due to the strong currents associated to the dense water
cascading of winters 2005 and 2006. The exportation off the Gulf of Lion shelf
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has been estimated to lie between 20 and 30 Millions of tons in 5 years. The
region of the Cap de Creus is the main pathway for this export. The role of the
Cap de Creus canyon is particularly important as it is able to stock after a storm
large amounts of matter which can be later flushed by dense water cascading.
The affinity of heavy metals with fine particles allows us to give a first
estimation of the remobilization of these contaminants by intense events.
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Abstract

In this work we will present the results obtained from the analysis of hydrological data collected during 5 oceanographic cruises
carried out in the southern sector of the Tyrrhenian Sea. Details regarding the vertical structure and associated processes of the water
column are presented, together with information regarding deep current and temperature data obtained from a mooring located

approximately in the centre of the southern Tyrrhenian basin

Keywords: Tyrrhenian Se, Hydrology, Deep Waters, Deep Sea Processes

In the framework of VECTOR ( VulnErability of the Italian coastal area and
marine Ecosystems to Climatic changes and Their rOle in the Mediterranean
caRbon cycles) project, starting at the end of November 2006, six oceanographic
cruises were carried out in the area, centered on the so-called VTM station (see
Fig.1, which also shows the CTD stations regularly sampled during the cruises
as well asthe position of the mooring), selected as a test site to study the
seasonal and interannual variability of the intermediate and deep hydrology and
dynamics of the Tyrrhenian Sea. The VTM point depth is approximately 3450
m, its coordinates are 39°30' N, 13°30' E, approximately 90 nautical miles off
the Itaian coasts. The oceanographic cruises were carried out in different
seasons even if three of the six were conducted in a winter month. Thus, in
terms of interannual variability, information could be derived only for the winter
season. The remaining three campaigns were in Fall (late November 2006), early
and late Spring (April 2007 and first third of June 2008 respectively).
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Fig. 1. Map of the stations sampled during VECTOR-TM cruises. Diamonds
indicate CTD stations positions, whereas the triangle is the mooring

Moreover, on April 2007, a mooring was deployed very close (less than 1
nautical mile) to the point VECTOR-TM and worked up to January 2009.
Current measurements at the depths of 1000, 1600 and 2200 meters, collected
by means of Aanderaa RCM-9 currentmeters, are available for the period June
2007 —December 2007, whereas a yearly temperature time series (February
2008 — January 2009) at a depth of about 3430 meters is available too.

Information derived from this composite data set addressed three main issues:
vertical structure of the investigated transect; thermoaline processes along the
vertical, especialy in the farthest offshore stations of the transect; intermediate
and deep current patterns obtained from mooring time series.
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The analysis of the collected CTD data alows identifying the three major water
masses present in the basin: Atlantic Water (AW), Levantine Intermediate
Water (LIW) and Tyrrhenian Deep Water (TDW). In particular, the vertical
distribution of temperature and salinity of the upper layer, together with the
relative geostrophic velocity field, pointed out that the overall circulation is
broadly anticyclonic, as expected. If looked at from the perspective of long term
change the data reveal several points of interest: for instance, bottom
temperature and salinity values result slightly higher than in the past [1]; at the
same time, the observed salinity maximum relative to the LIW is higher than in
historical data (Fig. 2).
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Fig. 2. Theta-S diagrams for the cruises VECTOR-TM 2 (@) and 6 (b). The two
squares indicate the range of LIW and TDW as defined in [2].

The centra Tyrrhenian is notoriously an area where double diffusive processes
can be observed [2]. Thermohaline staircase structures have been found in all
cruises, and characterized in terms of a number of parameters classicaly utilized
for this purpose [3]. The stability of double diffusive structures in space and
time (e.g., in terms of depth, width, gradient) is remarkable. Their associated
temperature and salinity fluxes result stronger than in the past, and would
deserve further investigations, prolonged in time.

Current data obtained from the mooring shows a relative strong W-NW flow
with velocity values up to 10 cm/s at 1000 m whereas, as expected, the velocity
slows down to few cm/s at deeper depths where the remaing two currentmeter
were located. The direction is less stable with respect to the 1000 m
currentmeter data but the net displacement is northwestward as well. Also, a
diurna tide signal can be observed from the spectral analysis of the deepest
currentmeters whereas it does not appear in the 1000 m depth current
measurement.
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Abstract

SMOS (Soil Moisture and Ocean Sdlinity) is an Earth observation satellite from the European Space Agency launched in November
2009. It is the first satellite mission addressing the challenge of measuring sea surface salinity, never attempted before due to its
technical complexity. It uses a microwave interferometric radiometer with aperture synthesis that generates brightness temperature
images at 1.4 GHz, from which both geophysical variables are derived using their influence on the dielectric constant of the emitting
body, land or ocean. This paper presents the principles of operation of the instrument, the algorithmic approach implemented for the
retrieval of salinity from the observations, and the limitations for the use of SMOS products in the Mediterranean Sea.

Keywords: Salinity, Remote Sensing, Surface Waters, Open Sea

In 1999 the European Space Agency (ESA) selected the proposal of a mission
to provide for the first time a global and continuous coverage of Soil Moisture
and Ocean Salinity with resolution and accuracy adequate for climatic studies
and large scale oceanography, as both variables play a key role in the control
of the Earth’s water cycle and as a consequence in the understanding of the
possible climate evolution in the present context of global warming [1]. SMOS
(http://www.esa.int/esal P/L Psmos.html) was launched on November 2, 2009
and is expected to become operational by May 2010.

The measurement principle

All bodies emit electromagnetic radiation in a large range of wavelengths. At
low frequencies, including microwaves, the brightness temperature of the body
(Tg, the quantity to be measured by a radiometer, and related to the emitted
power) is proportional to its physical temperature. The proportionality
coefficient, the emissivity, is a function, among other variables, of the
dielectric constant and as a consequence of the conductivity, and hence
salinity when the emitting body is seawater. For SMOS a frequency of 1.4
GHz was selected, as it is close to the maximum sensitivity of Tg to changes
in salinity as well as minimises the impact of other parameters influencing it.
In addition, this is a frequency band where human made emissions are
forbidden, so the risk of interferences should not be an issue. At this
frequency the penetration of the radiation, and then the thickness of the
emitting surface layer, isaround 1 cm.

The fundamentals of salinity and soil moisture determination by microwave
radiometry were sufficiently known, but no satellite mission had been
attempted so far to measure these variables. The main reason was that to
achieve a reasonable spatial resolution at this low frequency very large
scanning antennas were needed, something that appeared not feasible on board
a satellite. The solution implemented in SMOS is the use of a large number of
small fully polarimetric antennas (up to 69, 20 cm diameter) deployed along
three 4 m arms forming a Y shape. Instead of using the Tg recorded by the
individual antennas, SMOS takes the correlation of the polarised signals from
all pairs of antennas to reconstruct a unique Tg image through a complex
process based on interferometry [2]. The result, in the selected configuration
(758 km height, antenna plane 32.5° from horizonta), is a curved-
hexagonal field of view, amost 1000 km wide, formed by pixels from 30 to
100 km, with varying incidence angle and radiometric resol ution.

Fig. 1. The 69 antennas along the SMOS arms (by P. Carril for ESA)
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Retrieving salinity values

The approach to determine the salinity of the ocean surface imaged at each
SMOS overpass is based on a convergence loop that compares the measured
Tg to the Tg theoretically emitted by the surface following a forward model
of the ocean emission taking into account the seawater conditions. During the
convergence the sea surface salinity (SSS) value is modified from afirst guess
until reaching an optimal fit with the measured Tg value. The geometrical
optics theory provides a model of the flat sea emission, which depends on the
temperature, salinity, angle of observation, frequency and polarisation state of
the radiation. On top of this we have to introduce the effect of the sea
roughness, as the topography of the emitting surface has a strong impact on
the viewing geometry and then on the Tg measured by the radiometer. Further
modifications are needed before comparing modelled and measured Tg, asthe
emitted radiation is modified in its path from the surface to the satellite
(attenuation by the atmosphere, polarisation mixing in the ionosphere, ...),
whileit is necessary to take into account other sources of radiation at the same
frequency that can also reach the radiometer (emission by the atmosphere,
galactic radiation scattered on the surface, ...). The result is a quite complex
agorithm implemented in the SMOS salinity processor [3].

Even the multiangular measurement characteristics alow for a redundant
determination of SSS, the noise and other possible errors due to the instrument
performance limitations, image reconstruction process, errors on externa
parameters needed to estimate the sea surface state (provided by numerical
weather forecasts), and incomplete forward model formulation are expected to
result in an accuracy in retrieved salinity around 1.5. To reduce this noise and
reach the mission objectives, further processing is planned to generate global
salinity maps by integrating several SMOS orbitsin atempora window of 10-
30 days and spatia resolution of 100-200 km, then providing a product
similar to present climatologies but including the temporal evolution. The goa
isto achieve salinity accuracy closeto 0.1.

These spatio-temporal characteristics of the SMOS observations, together
with the fact that strong contamination from land radiation is expected in the
first 100-200 km from coast, makes the use of these products in the
Mediterranean Sea a real challenge. Some validation activities are planned
within the Mediterranean Operational Oceanography Network (MOON,
http://www.moon-oceanforecasting.ew/) to explore this limitation.

The development of SMOS has been a collective effort coordinated by ESA of
many scientists and technologists as well as industrial companies from several
countries, especially Spain and France. This paper is a contribution to the
SMOS Barcelona Expert Centre and project ESP2007-65667-C04 funded by
the Spanish Ministry of Science and Innovation.
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Abstract

We study the surface circulation of the Marmara Sea over about one year using CODE drifters. The pseudo-Eulerian statistics were
computed using the whole dataset and in terms of deployment episodes and major wind regimes.

Keywords: Circulation Experiments, Marmara Sea, Surface Waters

The Marmara Seais a small (70 km x 250 km) semi-enclosed sea connecting the
Mediterranean to the Aegean (through the Dardanelles Strait) and to the Black
Sea (through the Bosphorus Strait). It has a complex topography characterized
by three deep sub-basins each greater than 1000m in depth separated by deep
sillsand is connected to the straits through canyons. Here, complex processes of
two-way exchange flows, jets, eddies and gyres occur [1].

As part of the Turkish Straits System (TSS) experiment, the surface circulation
dynamics of the neighboring Black, Marmara and Aegean Seas was studied at
scales from inertia/tidal to seasonal using low-cost CODE Lagrangian drifters
[2] over about ayear (from September 2008 to May 2009). Particular focus was
given to the Marmara Sea that was seeded in two seasonal episodes (September
2008 and February 2009). About 30 drifters were deployed in key locations to
maximize the geographical coverage and mainly in small (1 nautical mile) clusters
of three drifters.

In addition to the standard positioning and data telemetry (SST, battery)
provided by the Argos Data Collection and Location System (DCLS) onboard
polar-orbiting NOAA satellites (with 300-1000 m position accuracy and about
every 100 min), the drifters were equipped with GPS receivers to have a better
determination of their position (with less than 10 m of uncertainty) and more
frequently (every 30 min).

On the whole, the drifters sampled adequately the Marmara Sea (Fig.1), but the
southern part was covered by drifters mainly during the first experiment
(September deployments) and the northern part mainly during the second one
(February deployments). The lifetime of the driftersin the Marmara Seais very
low due to the recovery by seafarers and stranding (it span from a few days to
50 days) and the mean half lifetimeis only 13 days.

The combined raw Argos and GPS positions were edited for outliers and spikes
using statistical and manua techniques [3] and were interpolated at regular 2-
hoursintervals. Surface velocity were calculated by centrd finite differencing the
interpolated positions.

The Pseudo-Eulerian statistics (mean flow, variance ellipses, MKE and EKE)
were calculated [4, 5] using a spatial averaging scale of 0.1° x 0.1° overlapped
bins for the whole dataset, for the two deployment episodes and for different
wind regimes.

The map of the mean surface flow using the whole dataset (Fig. 2) shows two
eddies located in the northern part of the sea which extend for about 30 km and
reach the middle of the Marmara Sea (the western feature is anticyclonic and the
eastern one is cyclonic). South of these large features, a flow of about 20 cm/s
joins the Bosphorus to the Dardanelles and another cyclonic eddy is evident in
the southeastern area of the Marmara Sea.

The TSS drifter data were included in the MedSVP (Mediterranean Surface
Velocity Program) database (http://nettuno.ogs.trieste.it/sire/medsvp/) and will
be used to deepen our understanding of the surface dynamics of the
Mediterranean and Black Seas.
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Fig. 2. Mean surface circulation in the Marmara Sea. The mean flow arrows are
centred at the centre of mass of the observations in each bin. Data are grouped
into 0.1° x 0.1° bins overlapped by 50%. Results for bins with less than 5
observations are not plotted.
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Abstract

Large deep water (DW) renewal in the Levantine Basin (LB) by dense water from the Cretan Basin started at about 1989 after
massive advection of salty Levantine Surface Water in the Aegean Sea. An apogee of the DW outflow to the LB was observed in
1993 after the abnormally cold winters of 1992-1993. A relatively salty and warm water propagated above the sea bottom from the
Cretan Passage with arate of about 280 km/year. The DW renewa was first recorded near the south eastern continental slope of the
LB in 1996. During 2001, the LB DW was quite homogeneous east of 25E. According to observations during 2008, a new DW mass
spreads eastwards in the LB. This new water, originating from the Adriatic Sea, has higher potential density than the Cretan

origin DW and the pre 1989 Adriatic DW.
Keywords: Deep Waters, Levantine Basin

A comprehensive analysis of Levantine Basin deep water evolution during the
Eastern Mediterranean Transient (EMT) [1] brought a vivid picture of Cretan
dense water cascading through the Cretan Arc straits and spreading in the
Eastern Mediterranean intermediate and particularly bottom layers. Advection
of abnormally saline Levantine Surface Water in the Aegean Sea during 1989-
1990 [2] followed by extremely cold winters 1992-1993 [3] forced the
formation of deep water with potential (relative 2000 db) density anomaly (o5)
of about 37.83 kg/md [1]. The excess over the pre EMT bottom water density
was just 0.03 kg/mS. However it was enough to generate a wide spreading of
newly formed water. In 1995, three years after the apogee of dense water
outflow from the Cretan Basin, the Levantine Deep Water below 2000 m had a
stable inversion layer both in salinity and potential temperature. According to a
long term series of Isragli observations on station h5 located near the continental
slope of the south-eastern Mediterranean shelf (33.0°N, 34.5°E) the first
evidence of such inversion was found in 1996. A coarse estimation of
propagation rate of dense water from Cretan Passage to the south-eastern
continental slope was about 280 km per year. Before the EMT influence, the h5
station’s water at depth of 1400 m had salinity 38.68+0.02 with a negative
vertical gradient of about 0.005 per 100 meters. Potential temperature was
13.37+0.02°C with a decrease rate of 0.015°C per 100 meters. During the
period 1996 — 2002, salinity and potential temperature increased monotonically
reaching 38.77, 13.59°C and changing the vertical gradients signs.

Relatively regular observations in the framework of Israel’s national project
“Haifa Section” from 2002 to 2009 show fluctuations in salinity and potential
temperature with ranges of 0.02 and 0.02°C respectively. Observations from
R/V “Meteor” during 2001 [1] revealed quite homogeneous water for regions
east of 25°E and deeper than 2000 m (38.82+0.02, 13.71+0.02°C). However on
the most western stations an intrusion of new water was aready observed. This
water was slightly less saline (38.78) and colder (13.56°C) than the water which
originated from Cretan Basin. In the field of potential density relative to 2000
db it is possible to see that the new deep water is denser by about 0.005 kg/m3
than the relict water from the previous EMT renewal.

Further eastward propagation of the new water, which Roether et a. [1] defined
as having Adriatic origin, was observed in summer 2008 during the R/V
Shikmona cruise carried out in the framework of EU funded project SESAME
(http://www.sesame-ip.eu). The western boundary of the Cretan origin water
was shifted to about 27.5°E (Fig). The boundary is clearly observed in the
salinity field (Fig) as well as in fields of potential temperature and dissolved
oxygen. The Cretan origin deep water were disconnected from their origin in the
Aegean Sea and became, due to mixing, less salty and colder (38.79, 13.63°C)
than they were during 2001. The Adriatic origin water did not change its
parameters compared to observation from 2001. Apparently this water mass
had a permanent feeding from the Otranto strait. Differences in potential
density between the Adriatic and Cretan water masses remained the same as in
2001 (about 0.005 kg/m3). The eastward propagation rate of Adriatic origin
water was seven times slower than the propagation of the Cretan origin water.
This seems to be connected to the smaller difference in potential density.
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Fig. 1. Vertica distribution salinity in deep layers of the Levantine Basin. R/V
Shikmona, summer 2008, SESAME project cruise.
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Abstract

During the summer of 2009, 6 Lagrangian drifters were launched in the South eastern Levantine basin, 3 of them near the Isragli
coast. The drifters moved northward along the shelf and turned toward the deep sea off Haifa Bay. One of the drifters was trapped in
a stationary meander for a week, later it moved in a trgjectory that is interpreted as a detachment of the meander to an anticyclonic
eddy. This eddy moved, within 4 days, northwest to a location where the Shikmona eddy was previously observed. Over the next 30
days the drifter demonstrated a stationary eddy position and then exited the eddy area. Satellite observations of high chlorophyll -g
(Chl-a) concentration correspond to the geographical position of the meander and the eddy. Operational model forecasts in the ares

fail to generate the observed phenomena.
Keywords: Levantine Basin, Circulation

The south eastern circulation in the Levantine basin is generally characterized by
alarge scale cyclonic circulation. Development of a north bound jet current along
the eastern continental slope is frequently observed [1]. Another energetic
feature of the circulation is the anticyclonic Shikmona eddy observed generally
in the vicinity of 33.8°N, 33.8°E [2]. The formation of the Shikmona eddy was
attributed either to meandering of the Mid Mediterranean Jet in connection to
dynamic instability near the Eratosthenes Seamount [3] or to meandering of the
alongshore current [4]. The later mechanism was derived from SST analysis
without in situ confirmation.

NEMED is an observational program, led by OGS [5], to quantify the
circulation and eddy variability in the Eastern Mediterranean, with major
attention to the eastern and northern regions of the Levantine sub-basin, using
among others, low-cost satellite-tracked drifters in the vicinity of Cyprus and
Israel. The first series of SVP drifters included 3 drifters which were launched
on the Israeli continental slope near Ashdod by IOLR and 3 drifters which were
launched on the line connecting Limasol and Port Said by the University of
Cyprus. The continental slope drifters were carried north by the alongslope jet
current with an estimated velocity of 20-30 cm/s. Their trajectories deviated
westward south of Haifa Bay. Two drifters outlined a meander reaching about
70 km west of the shore and continued along the L ebanese and Syrian coast (Fig
1&). The third drifter was trapped in the meander for a week and then travelled,
within 4 days, northwest in a spiraling trajectory (Fig 1b). Afterwards it
outlined the Shikmona anticyclonic eddy centered at 34.2°E, 33.6°N with
diameter of about 50 km and remained there for 30 days (Fig 1c). One of the
drifters launched south of Cyprus was also trapped by the eddy in alarger orbit
(80 km diameter) for two weeks.
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Fig. 1. Stages in the evolution of Shikmona Eddy from meander. Lines:
Lagrangian drifters trajectories. Background: concentration of Chl-a (lighter
shades represent higher concentrations).

Remote satellite observation of Chl-a provided by CY COFOS [6] showed local
concentration maximum in the center of the meander and later in the center of
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the eddy, corresponding to the trajectory of the trapped drifter in time and
space. During the 30 day period Chl-a concentration gradually decreased until it
was no longer discernable, around this time the drifter exited the eddy area. SST
maps, unlike Chl-a, showed only a weak signa of the eddy. Model forecast
from the same period run by IOLR did not reproduce the phenomena described
above and showed the alongshore jet with no meandering.
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Abstract

A simulation of the M2 tidal dynamics in Algeciras Bay (South of Spain) was conducted by use of a 3D hydrodynamical model and
complemented with experimental data, focusing on the influence of the general hydrodynamical regime of the Strait of Gibraltar over
the bay dynamics. The semidiurnal, mesotidal regime present in the strait, together with the strong density-stratification of the water
column, was found to have important consegquences for the particular tidal dynamics of Algeciras Bay. Firstly, model results showed
the occurrence of a cross-current system between the Atlantic and Mediterranean water layers inside the bay. Secondly, the 3D
hydrodynamical model was able to simulate accurately the so-called baroclinic internal wave, generated by hydraulic jump over

Camarinal Sill, as well as its propagation into Algeciras Bay.
Keywords: Tides, Models, Strait Of Gibraltar

Study site

Algeciras Bay (South coast of Spain) constitutes a physical environment of
special characteristics, due to its morpho-bathymetric configuration and
geographical location, close to the eastern boundary of the Strait of Gibraltar.
The interaction between the mesotidal, predominantly semidiurna tidal regime
of the Strait of Gibratar with the water stratification, due to the presence of
Atlantic water at the upper layer and Mediterranean water (more salty and cold)
at the lower one, has important hydrodynamical conseguences, as the generation
of the so-called baroclinic internal wave over Camarinal Sill and effects on the
vertical profiles of the velocity of currents. Because of its wide connection to
the Strait, the tidal hydrodynamics of Algeciras Bay is expected to be submitted
to this peculiar processes, so the aim of this study was to conduct a detailed
research in that respect by analyzing both empirical and numerical 3D model
data, comparing them and setting the main characteristics of the tidal dynamics
in this environment.

TheModel

The three-dimensional, nonlinear, high-resolution, finite-difference, sigma-
coordinated UCA 3D hydrodynamical model is based on the numerical solving
of 3D equations of motion (assuming the hydrostatic simplification). The
system is coupled to a two-dimensional, depth-averaged scheme [1] by the
splitting technique [2]. For the modeling of the My, tidal hydrodynamics in the
Strait of Gibraltar and Algeciras Bay, a calculation domain was chosen extending
from the western Strait boundary to the Alboran Sea. The model Arakawa-C
staggered grid had a horizontal resolution of 500 m and 50 vertical sigma-levels.
The system was forced by a single M, tidal wave and the zero-frequency
constituent Zg; initial conditions of free-surface elevation and current velocity
(amplitudes and phases), as well as those of salinity and temperature, were
obtained from the Experiment “ Strait 94-96" and previous works by [3] and [4].

Results

Modeled time-spatial fields of the M, harmonic parameters, obtained by
conventional harmonic analysis [5], were compared with available experimental
values at 40 different locations. The root mean squares of errors were 4.0 cm
and 4.4° for the amplitude and phase of elevation and 18.2 cm s1 and 18.3 for
those of depth-averaged current velocity. Focusing on the Algeciras Bay area,
model results show a little spatial variation of M, eevation harmonic
parameters, with amplitudes and phases around 31 cm 47° Greenwich. Modeled
depth-averaged M, current ellipses present highest semimgjor axes by the
coastal margins (until 40 cm s'1), while they do not overcome 10 cm s through
the deeper central canyon of the Bay. A more detailed analysis of vertical
velocity profiles revealed that the latter is due to a system of tidal cross-
currents between the Atlantic and Mediterranean water layers inside Algeciras
Bay, being a phase-lag of near 180° between the current ellipses of both layers.
Comparisons with experimental ADCP data through ship transects in the Bay
area show aremarkable qualitative and quantitative correlation in that respect.

In relation to the time-spatial propagation of the baroclinic internal wave, Fig. 1
(top) shows an example of model spatial field of free-surface elevation together
with remote-sensing satellite image at the corresponding tidal stage. It can be
appreciated a significant correspondence between them, as well as the
penetration of the eastwards internal wave front into Algeciras Bay. The wave
parameters, estimated from model and satellite fields, are: period: 22 minutes;
wavelength: 1.8 km; wave celerity: 4.9 km/h; the amplitudes of oscillations are
of the order of 1 cm. The spectral density distribution of free-surface elevation
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from a CTD cast on the inner Bay (Fig. 1, bottom) shows a marked peak by
period values close to the calculated from model results.

ASAR 01-10-2008 UCA 3D Model

Algeciras Bay J*

Densidad espectral

Periodo (horas)

Fig. 1. Top: an example of ASAR image (left) and modeled field of free-surface
elevation at analogue tidal stage (right). Bottom: spectral density distribution of
free-surface elevation from a CTD cast inside Algeciras Bay, with periods up to
2 hours removed.

References

1 - Alvarez O,, Izquierdo A., Tejedor B. et al., 1999. The influence of sediment
load on tidal dynamics, a case study: Cédiz Bay. Estuar. Coast. Shelf S, 48:
439-450.

2 - Madela R.V. and Piacsek SA., 1977. A semi-implicit numerical model for
baroclinic oceans. J. Comput. Phys., 23: 167-178.

3 - Teedor L., Izquierdo A., Sein D.V., et a., 1998. Tides and tidal energetics of
the Strait of Gibraltar: a modelling approach. Tectonophysics, 294 (3-4): 333-
347.

4 - |zquierdo A., Tejedor L., Sein D.V., et a., 2001. Control variability and
internal bore evolution in the Strait of Gibraltar: a 2-D two-layer model study.
Estuar., Coast. Shelf S, 53 (5): 637—651.

5 - Foreman M.G.G. and Henry R.F., 1989. The harmonic analysis of tidal
model time series. Adv. Water Resour., 12: 109-120.

Rapp. Comm. int. Mer Médit., 39, 2010


http://www.tcpdf.org

GLIDER TRANSECTSIN THE LEVANTINE SEA: A STUDY OF THE WARM CORE CYPRUSEDDY
D. Hayes 1*, P. Testor 2, G. Zodiatis 1, G. Konnaris 1, A. Hannides 3, L. Mortier 2, L. Beguery 4, F. D'Ortenzio °, E. Mauri 6, F.
Lekien /, R. Gerin 8, P. Poulain ® and A. Lazar 2
1 Oceanography Center, University of Cyprus, Nicosia, Cyprus - dhayes@ucy.ac.cy
2 | OCEAN-IPSL/CNRS, Universite Pierre et Marie Curie, Paris, France
3 Department of Fisheries and Marine Research, Nicosia, Cyprus
4 DT-INSU, La Seyne sur mer, France
5 LoV, Villefranche-sur-mer, France
6 OGS, Trieste, Italy
7 ULB, Brussels, Belgium

Abstract

In March 2009, two gliders began occupying a hydrographic endurance line for measurements of temperature, salinity, dissolved
oxygen, optical backscatter, and fluorescence in the Levantine Sea south of Cyprus in a butterfly pattern over the Eratosthenes
Seamount. The line will extend in space and time an historical one. Comparison with past hydrographic cruise data shows similarities.
In particular, a large anticyclonic eddy, the Cyprus Eddy, over the Eratosthenes Seamount dominates, with traces of Atlantic Water
around the periphery. This eddy was investigated intensively by afleet of gliders from November 2009 to January 2010.

Keywords: Hydrography, Levantine Basin

In March 2009, two gliders began occupying an endurance line for
measurements of temperature, salinity, dissolved oxygen, optical backscatter,
and fluorescence in the Levantine Sea south of Cyprus. The transects follow a
butterfly pattern over the Eratosthenes Seamount, extending to a maximum
depth of 1000 m. The operational transects represent the first in a planned time
series for the next several years to be carried out by the Oceanography Center of
the University of Cyprus (OC-UCY). Following the 4th EGO Meeting and
Glider School in Larnaca in November 2009, a joint project, “EYE of the
Levantine,” was carried out in which 6 gliders were deployed to investigate the
Cyprus warm core eddy observed earlier in the year by both glider and
shipboard CTD. In December 2009, the TARA Oceans vessel was involved as
well with CTD and water samples and the deployment of 4 surface drifters and
2 profiling floats in and around the eddy. Near the end of the experiment, the
eddy was sampled again with shipboard CTD grid carried out by the Maria S
Merian in mid-January 2010. At this time, only one of the origina gliders
continued to collect data while beginning the second round of its endurance line,
which should also pass through the eddy. About 2000 profiles down to 1000 m
and 1000 profiles down to 200 m have been collected by the fleet of gliders
including measurements of not only temperature and salinity, but aso
fluorescence (Chl a, CDOM) and backscatters (at 470, 532, 660, 700, and 880
nm).

Fig. 1. Map of glider tracks with bathymetry and depth-averaged velocity
centered over each dive from 23 November 2009 to 18 January 2010. One of the
transects to be shown later is highlighted by athick grey line.

Since the POEM cruises of the 1980s [1], the genera vertical and horizontal
distributions of the water masses of the region have been known: the Levantine
Surface and Intermediate Water (LSW and LIW) masses sandwiching the
Atlantic Water (AW), with the Eastern Mediterranean Deep Water (EMDW) at
the deepest observed levels. The variability of the AW pathway, the eddy
structures, and absolute transport are all to be addressed by the operational
"section series," but in this paper, we present the results of the even more
intensive sampling of an eddy using afleet of gliders which provide alarger-scale
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synoptic view not possible with a single platform of any kind. The dominant
feature of the data set is the anticyclonic (warm, salty core) eddy known as the
Cyprus Eddy [2] near the Eratosthenes Seamount (Fig. 1). During the
experiment the eddy had a radius of about 40 km and consisted of a core of LIW
extending down to 500 m. Currents averaged over the 1000 m dives peaked at
the edge with magnitudes of 0.30 m s’1. During the experiment, the eddy shifted
about 10 km to the east. The dightly fresher AW is found just below the
thermocline, most often around the periphery of the Cyprus Eddy (Fig. 2).
Dissolved oxygen, optical scattering, and chlorophyll fluorescence typically
show maximum values also in the layer just below the thermocline.
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Fig. 2. Vertica section from North to South of a) sainity, b) potentia
temperature (deg C), and c) dissolved oxygen along transect highlighted in Fig. 1,
from 24 November 2009 to 02 December, 2009.

Remotely-observed sealevel anomaly (AV1SO) products showed similar surface
signals, at coarser resolution, as did drifter tracks. Operational forecasts were
not as successful in predicting the eddy presence: OC-UCY forecasted asimilar
eddy, but in a dightly different location and time. Future work includes the
assimilation of glider profiles into the operational forecasts at OC-UCY, and
further comparison with satellite atimetry, remotely-sensed sea surface
temperature and ocean color.
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Abstract

Spectacular convection occurred in the NWMS during 2004-05: the convection area was exceptionally large, and Western
Mediterranean Deep Water (WMDW) formed this winter was warmer and saltier than usually. We perform numerical oceanic
simulations to assess the respective contributions of oceanic and atmospheric conditions to this event. Our results suggest that
WMDW characteristics are mainly related to the NWMS heat and salt contents before the convection. The increase of those
characteristics in 2004-05 is due to an increase of those contents, due to the absence of strong convection during the 90’s. Convectior
intensity is related both to the winter atmospheric conditions and to the autumn NWMS stratification. The EMT modified this
stratification in autumn 2004, potentially doubling the volume of WMDW formed.

Keywords: Deep Waters, Gulf Of Lions, Western Mediterranean, Water Convection, Air-Sea Interactions

Open ocean deep convection takes place in a few regions of the world ocean,
among which the NWMS [1]. In this region, the combination of cyclonic
circulation and strong winter surface buoyancy losses associated to northern
wind events (Mistral, Tramontane) induces deep convection events, at the
origin of the formation of WMDW. During winter 2004-05, an exceptionaly
strong convection event was observed by several experimentators [2, 3, 4]: it
covered an area much larger than usually, and the WMDW formed this winter
was significantly saltier and warmer than the values reported in the literature.

Two major explanations for the exceptional characteristics of this convection
event (intensity and WMDW characteristics) were proposed by those
authors: the first one relates the exceptiona intensity of this convection event,
as well as the change of the characteristics of the WMDW formed this winter
to the atmospheric conditions. The second one relates them to the effect of the
EMT on the Ligurian Intermediate Water (LIW), hence on the oceanic
conditions. To determine which element played arole in this event, and how,
we performed several numerical smulations.

First we performed a redlistic numerical simulation of the Mediterranean
oceanic circulation during the 1958-2006 period. The long term analysis of this
simulation was performed by [5], who validated the long-term evolution of the
temperature and salinity in the basin and showed that the model is able to
reproduce correctly the EMT. This control simulation is able to reproduce
very redigticaly the 2004-05 NWMS convection event, in terms of
chronology, intensity and WMDW characteristics.

We also performed sensitivity simulations, in order to assess the contributions
of the oceanic and atmospheric conditions to this convection event. The
results show that, for given atmospheric conditions, the temperature and
salinity of the WMDW are linearly related to respectively the heat and salt
contents of the NWMS just before the convection event (Fig. 1). They suggest
that the change of WMDW characteristics observed in 2004-05 was related to
an increase of those heat and salt contents during the last decade. The model
suggests that this increase was not due to the EMT, but to the absence of
deep convection during the 90's enabling salt and heat to accumulate in the
LIW. This absence of strong convection was related to the weakness of the
winter buoyancy loss during this period. WMDW characteristics are therefore
not influenced by the atmospheric conditions during its formation, but by the
evolution on those conditions on the long term. The EMT induced a deepening
of the LIW in the Western basin, observed by [6] and reproduced by the
model, that resulted in a decrease of the stratification of the water column
compared to what could have been the case without the EMT. Our results
show that, for given atmospheric conditions, the intensity of deep convection
in terms of WMDW formed is linearly related to the stratification of the water
column just before the convection event. Moreover, in 2004-05, convection
reaches the bottom in al the simulations, whatever the pre-convection
stratification. It therefore appears that the strong atmospheric conditions
during winter 2004-05 were responsible for the intensity of the convection
this year, but that the EMT accentuated this intensity by weakening the
stratification, and potentially doubled the volume of WMDW formed.
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Fig. 1. Relations between the pre-convection heat (a), resp. salt (b), content
over the Gulf of Lions and the WMDW temperature, resp. salinity.

References

1 - Marshall J. and Schott F., 1999. Open-ocean convection: observations,
theory, and models. Rev. Geophys., 37 (1): 1-64.

2 - Schroeder K., Ribotti A., Borghini M., Sorgente R., Perilli A. and
Gasparini G.P., 2008. An extensive western Mediterranean deep water
renewal between 2004 and 2006. Geophys. Res. Lett., 35, L18605.

3 - Smith W. and Sandwell D., 1997. Globa sea floor topography from
satellite altimetry and ship depth sounding. Science, 277 (5334): 1956-1962.
4 - Font J., Puig P., Sdlat J., Palanques A. and Emelianov M., 2007. Sequence
of hydrographic changes in NW Mediterranean deep water due to the
exceptional winter of 2005. Sci. Mar. 71(2): 339-346.

5 - Beuvier J, Sevault F., Herrmann M., Kontoyiannis K., Ludwig W., Rixen
M., Stanev E., Béranger K. and Somot S, In revision. Modelling the
Mediterranean Sea interannual variability over the last 40 years: focus on the
Eastern Mediterranean Transient (EMT). J. Geophys. Res.

6 - Gasparini G., Ortona A., Budillon G., Astraldi M. and Sansone E., 2005.
The effect of the Eastern Mediterranean Transient on the hydrographic
characteristics in the Strait of Sicily and in the Tyrrhenian Sea. Deep-Sea Res.
11, 52(6): 915-935.

Rapp. Comm. int. Mer Médit., 39, 2010


http://www.tcpdf.org

INTEGRATION DES DONNEESMULTISOURCES POUR LA MODELISATION DE LA COULEUR DESEAUX
MARINES COTIERES: APPLICATION A LA SURVEILLANCE DU PHYTOPLANCTON MARIN.
Fouzia Houma * | Toufik Touahria 2, Nour El Islam Bachari 2 and Rabah Belkessa !
1 Ecole Nationale des Sciences de la Mer et de I'Aménagement du littoral ENSSMAL, Alger, Algeria- houmabachari @yahoo.fr
2 Université des Sciences et de la Technol ogie Houari Boumediene, 16111 Bab Ezzaouar, Alger, Algeria

Abstract

La connaissance de la qualité de I’ eau est une composante essentielle dans la gestion intégrée du littoral. L’ aspect biologique de cette
composante est sans aucun doute le plus difficile a prendre en compte, du fait de la complexité des mécanismes gouvernant le
production primaire en milieu cotier. Les propriétés optiques des algues, des substances organiques dissoutes et des particules non
organiques en suspension peuvent considérablement affecter la couleur de I'eau de mer. Inversement, des mesures précises de le
couleur de I'eau et de sa réflectance spectrale permettent d estimer la concentration de ses composants en utilisant des modeéles

mathématiques appropriés.

Keywords: Coastal Models, Phytoplankton, Remote Sensing, Pollution, Ocean Colours

Introduction

L'objectif général de ce travail est la caractérisation de la couleur de I'eau de la
baie d'Alger & partir des données satellites. L'application permet de quantifier
la concentration de la chlorophylle et celle du phytoplancton, qui ont un effet
sur la«couleur de I'eau de mer », & partir de mesures satellites [1]. Dans ce
contexte, la démarche suivie se base sur le concept de mesuresin situ et
I'interpolation des résultats trouvés par similitudes ou par des modéles
mathématiques. Une corrélation importante entre le compte numérique du
premier canal du satellite Landsat TM et la concentration en matiéres en
suspension aété également réalisée [2]. Les bandes spectrales Thematic
Mapper étaient utilisées davantage pour corréler avec les propriétés spectrales
de I'eau et sateneur en matiere organique ou encore pour la caractérisation dela
couleur, la salinité et la concentration en chlorophylle de I'eau de mer.
D’autres chercheurs ont montré par I’ utilisation des techniques optiques la
possibilité d'établir des cartes de chlorophylle a, matieres en suspension
totales ou carbone organique dissous [3]. En Sinspirant des différentes
approches développées et des caractéristiques des satellites Spot et Seawifs,
nous avons essayé de mettre en évidence I’ utilisation de la télédétection afin de
trouver des relations entre les parametres optiques et les descripteurs de la
qualité de I'eau. 1l devient donc nécessaire de s appuyer sur des modéles de
réflectance que I’ on inverse pour déterminer la teneur de |’ eau en ses différents
ééments [4]. Nous présentons dans cet article: (a) les mesures physico-
chimiques des différentes qualités d’eaux ; (b) les résultats des réflectances
obtenues a partir des données numériques des satellites et (c) la modélisation
des parametres physico-chimiques, la chlorophylle et le phytoplancton marin
dans les profondeurs de la baie d'Alger dans chague bande spectrale du
satellite.

Analyse del'eau de mer et extraction delaréflectance

Nous avons utilisé I'image satellite SeaWiFS (Sea-Viewing Wide Field-of -view
Sensor) pour fournir des données sur les propriétés bio-optiques de I’ eau et
des principaux paramétres biologiques, notamment la chlorophyllea a la
surface de I'eau de mer. Pour extraire la réflectance de chaque pixel de I'image,
on transforme I'image compte numérique (CN) en image Luminance.

Resultats et discussion

- Variation des mesuresin situ et les indicateurs organoleptiques. La
distribution spatiale de la chlorophyllea et des phéopigments dans la baie
d'Alger montrent une grande similitude pendant les périodes de prélevement.
Nous avons pour chague campagne deux zones distinctes de concentration en
chlorophylle a et phéopigments. En absence d'activité biologique, la
concentration d'oxygene dissous tend vers la saturation de I’eau, qui est en
fonction de la température et de la salinité (a pression atmosphérique normale)
[1], [5]. Les faibles teneurs de I'oxygene dissous dans I’ eau de mer & proximité
des rejets sont préoccupantes, et montrent une consommation excessive de
I"oxygéne qui a des conséquences trés graves et fatales sur la vie aquatique en
entrainant un phénomene d eutrophisation du littoral (des pullulations
d’ algues vertes Ulva Enteromor pha ou de phytoplancton bloom).

- Analyse des réflectances. La distribution de la teneur en chlorophylle dans
I"eau de mer est mise en relation avec la turbidité ; ceci peut expliquer les taux
de liaison trouvés sur les canaux visibles Spot et Seawifs étant donné que les
eaux ou domine le phytoplancton présentent un maximum de réflectance dans
le jaune vers 565 nm [5]. Il y adonc une réflexion considérable dans ce
domaine spectral qui justifie que les canaux visibles peuvent servir pour
étudier la couleur de I'eau de mer et pour en déduire la concentration en
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sédiments et la concentration en chlorophylle a.

- Spatialisation des paramétres et images satellites. En utilisant le logiciel
PCSATWIN d'images satellites, nous avons transformé I'image réflectance en
une image qui permet d'estimer dans certaines mesures la concentration de la
chlorophylle et celle des espéces phytoplanctoniques dominantes dans la
région. En réalité, la couleur de I’eau de mer, qui est I'un des descripteurs
organoleptiques évident, reste toujours un facteur important de différenciation
qui renseigne sur la lueur del’eau, sur sa qualité, et qui peut servir comme un
indicateur de satransparence [5].

Conclusion

La modélisation a rendu réalisable la détermination de la couleur de I'eau et de
la chlorophyllea partir des satellites. La spatialisation des valeurs mesurées
sur le terrain facilite en effet le suivi environnemental de la qualité des eaux et
les interventions sur le milieu. Une surveillance directe des populations
phytoplanctoniques, couplée avec I’ utilisation de capteurs satellitaires et le
Systeme d'Information Géographique, peut améliorer grandement notre
connaissance de I'état des eaux cotiéres et établir une carte de la couleur de
I"eau et de la biomasse phytoplanctonique.
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INVESTIGATION OF THE MEDITERRANEAN-BLACK SEA COUPLING USING MULTI-SCALE MODEL S OF
THE TURKISH STRAIT SYSTEM
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Abstract

A multi-scale, high-resolution ocean-ecosystem numerical model suite isimplemented for the Turkish Strait System (TSS) to study the
dynamics of the coupling between the Black Sea and the Mediterranean, specifically to assess the role of TSS on the behaviour of the
coupled ecosystems, to understand the relative importance of remote and local forcing mechanisms on the exchange flows and mixing
in the TSS, and to quantify the two-way transport of materials through the TSS. Since the problem of coupling between the adjacent
basins of the Black and Mediterranean basins is truly a complex one, an assembly approach is used. Various levels of models are
used, producing simulations corresponding to different levels of approximation in order to enable feedbacks on the effects of
resolution, model parameterizations, and setup between these levels.

Keywords: Models, Bosphorus, Dardanelles, Marmara Sea, Black Sea

The TSS is much like a fjord system, characterized by two-layer exchange flow
with a strong pycnocline maintained by density and sea level gradients between
the Black Sea and the Aegean Sea, and controlled by hydraulic constraints in the
straits and exit regions. The depth of the interface undergoes high temporal and
spatial variability inside the straits and their exit regions, but has a relatively
stable depth at about 25m in the Marmara Sea proper, occasionally exceeding
this depth under conditions of extreme surface mixing. The Marmara Sea is a
small, enclosed body of water with complex topography, comprised of three
deep basins of depth greater than 1000m each, separated by deep sills of 600-
700m in depth, adjoining a wide continental shelf of 100m depth occupying the
southern half of the basin, which then connect to the straits through canyons
extending out from them. Horizontal re-circulating flows under constraints of a
highly irregular coast in the confined geometry of the Marmara Sea induce
horizontal shears and inhomogeneity. The surface exit flows from straits into
the Marmara and Aegean basins are in the form of buoyant turbulent jets. The
relatively fresh surface water (S= 18) entering from the Black Seais modified to
reach higher salinities (S =22-30) within the upper layer of the Marmara Sea,
separated from the underlying salty Mediterranean water (S= 38.5). The wider
Marmara Sea acts as a buffer zone, or a‘stilling basin’ between the two larger
basins. The shallowness of the upper layer makes its response to winds and
other driving forces extremely rapid.

Dueto the lack of sufficient computational resources to handle the required fine-
scale spatial resolution, present ocean numerical models implemented for the
coupled Mediterranean — Black Sea system can neither correctly simulate the
stratified exchange flow between these basins through the Turkish Straits nor
the compounded effects of such exchange on the energetics, stratification, and
sea level in these adjacent seas. Extremes in cross-shelf interaction, such as
dense water cascading, surface jets, hydraulically controlled, super-critical, non-
linear, non-hydrostatic, layered and occasionally blocked flows occur in the
region of the straits, in response to remote forcing from the adjacent seas and the
complex topography with very fine details.

In parallel with advances in computer technology, ocean genera circulation
numerical models (OGCM) have become widely used tools to estimate the
consequences of physical, chemical, and biological processes in the ocean and to
evaluate the ocean response to atmospheric forcing under realistic and extreme
scenarios.

Modeling the Turkish Straits System (TSS) and its role in coupling the adjacent
seas is agrand challenge. Features described above make it a formidable problem
to forecast currrents and circulation in the Turkish Straits System. Traditional
ocean models with simplified physics and topographical representation are
often unable to comprehensively capture the features and multiple space-time
scales that are involved. A true and full coupling considering the entire system
of adjacent Mediterranean and Black Sea basins is in fact far beyond reach for
most of the present day ocean models. Therefore, a multi-scale, three-level,
hierachical numerical model suite is designed and executed in an attempt to
realigtically represent the challenging physical and biogeochemical dynamics of
the TSS.

For the first level, a barotropic unstructured grid model (MOG2D) is set up
covering the Mediterranean and the Black Sea together to predict water levels
and net transport through the straits. On the second level, a lateraly integrated
(x-z) time dependent model solving two-dimensional vorticity equation is
adapted for the Bosphorus and is initialized with a lock-exchange situation,
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specifying property contrasts between adjacent seas. The third level consists of
three-dimensional models of the Bosphorus and Dardanelles Straits driven by
net through-flow, boundary conditions specified in the adjacent Aegean and
Black Seas and a three-dimensional model of Marmara Sea aone, excluding the
straits and attempting to simulate Marmara Sea circulation based on strait exit
boundary conditions. The third level models are all based on the Regiona Ocean
Modeling System (ROMS) [1]. The Fennel ecosystem components [2] are
implemented as well in the three-dimensional ROM S models of the Bosphorus,
Dardanelles Straits and the Marmara Sea.

Control runs with the Bosphorus model show that major features of the
observed currents are successfully reproduced by the model (Figure 1).
Following the set-up and testing phase, the control runs established from
hindcasts produced by the dynamical and coupled ecosystem models of the TSS
are validated with available data and fine-tuned before advancing to forecast, and
potentially operational modes of simulation.
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Fig. 1. Observed (top) and simulated (bottom) velocity and density distribution
along the thalweg of the Bosphorus Strait.
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Abstract

Recent studies suggest that the dynamics in the upper layers of the ocean can be modeled with an effective version of the Surface
Quasi-Geostrophic (eSQG) equations. The validity of this approach implies that the 3D velocity field can be reconstructed for the
firsts 300-500 m from a Sea Surface Temperature (SST) snapshot. Then, the main objectives of this study are to investigate the
applicability of the eSQG approach in the Mediterranean sea and to determine if the eSQG approach can be used to reconstruct
vertical velocities from red infrared satellite data. To this end we will focus on the comparison of satellite derived fields with in situ

measurements.

Keywords: Western Mediterranean, Remote Sensing, Mesoscal e Phenomena, | nstruments And Techniques, Currents

An important problem in oceanography is the estimation of the synoptic 3D
velocity field, which is currently available only from expensive and labour-
intensive in situ messurements. Altimeters measurements alow us to
reconstruct the 2D velocity field of the ocean’s surface with resolutions of the
order of 100-150 km. However, high resolution satellite observations in the
visible and infrared parts of the spectrum have shown an ocean very active at
scales between 10 and 100 km. Although Sea Surface Temperature (SST)
observations in the infrared spectrum provide a qualitative picture of the ocean
dynamics at these scales, it is very diffiult to extract surface velocities from
them and it isimpossible to access vertical velocities.

Recent advances in our understanding of the dynamics of the upper layers of the
ocean suggest that these can be modeled with an effective version of the Surface
Quasi-Geostrophic (eSQG) equations[1]. The validity of this approach implies
that, in situations for which the SST anomaly is representative of the density
anomaly below the mixed layer, the stream function and density anomaly can be
reconstructed for the firsts 300-500 m with resolutions of 10 km from a single
SST image as

L TA&(E) ,

Wk, z) = ooforr k exp(nokz)

and

b(k, 2) = — 27 (E) exp(nok=).
Lo

Here " stands for the horizontal Fourier, k is the wave-vector modulus, g isthe
Coriolis frequency, g the gravity constant, o the thermal expansion coefficient,
ng is a”"mean” Brunt-Véissdéa and ny an "effective’” Brunt-Véissda frequency
that takes into account the contribution of the interior PV and the partia
compensation of thermal fronts by sainity [1,2]. ng is usually derived from
existing observations of the large-scale density field while ny is usualy
estimated comparing surface fields with independent observations [2,3].
Furthermore, as it has been shown by [1, 4], vertical velocities can be diagnosed

—

1 ‘ —
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z) =

which is an dternative to the classical Omega equation.

The Mediterranean is an area that could benefit significantly from the use of
infrared SST imagery to study the surface circulation at scales below 100 km.
On one side, the percentage of pixels without clouds is quite high. On the other
side, an important part of the mesoscale dynamicsis not readily observable with
existing atimeters since the Rossby radius of deformation is of 10-15 km.

Asin [5], we have started our study analyzing in situ and satellite data from the
Omega campaign. The data analyzed corresponds to the three consecutive
samplings of the northern part of the Western Alboran Gyre carried on between
October 1 - October 11, 1996 (see the figure). They consisted on temperature
and sdlinity measurements obtained from an undulating CTD and velocities from

120

a ship mounted ADCP . On the other side, satellite data consisted on nighttime
infrared measurements from the AVHRR sensor on the NOAA-14 satellite
provided by MeteoFrance.
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Fig. 1. Left: Brightness Temperature corresponding to October 8, 1996 with the
derived surface velocities and the ship track between October 6 and October 9
superimposed. Right: scatter plot between surface velocities measured by the
ADCP instrument and geostrophic velocities estimated from satellite data.

To estimate the velocity field using the above equations we need to reduce the
noise level of satellite images. Therefore, we used Brightness Temperatures
(BT) from channel 4 of the AVHRR instrument instead of SST and we further
reduced the noise level using a wavelet-based denoising method. Then, the
resulting geostrophic surface velocities (see the example in the figure) were
linearly interpolated in time and space to the positions of real velocities
observed by the ADCP. Preliminary results (see the figure) revealed arelatively
good coincidence between both fields with a linear correlation of 0.8. In this
case the”effective’” Brunt-Véisdéa frequency, ny, was set to match the kinetic
energy of ADCP velocities. The ability to reconstruct vertical velocitiesis under
study.
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Abstract

Recently collected time series of currents, salinity, and temperature were used to estimate volume transports along sections located
across the northern and southern ends of the Bosphorus Strait. The volume fluxes in upper and lower layers display high variability
that is especially distinct in the upper layer and is coherent with the water level difference between the ends of the strait and along-

strait wind stress.
Keywords: Bosphorus, Water Transport, Currents

The Bosphorus (Istanbul) Strait is a part of the Turkish Straits System (TSS)
that also includes the Sea of Marmara and further towards the south the
Dardanelles (Canakkale) Strait. The TSS is the only connection between the
Black and Aegean/Mediterranean Seas, and plays a paramount role in water
mass exchange between these basins. It has been established for centuries that
due to the density contrast in the adjacent basins, the basic exchange flow in the
Bosphorus Strait is characterized by Black Sea brackish waters flowing
southward in a surface layer, and salty waters from the Sea of Marmara moving
northward below (Marsigli, 1681; Unliiata et al., 1990; Latif et al., 1991; Gregg
and Ozsoy, 2002). Furthermore, this two-layer exchange is modified by the
atmospheric forcing and variability of the water levelsin the Black and Marmara
Seas,

The United States Naval Research Laboratory (NRL) and the NATO Undersea
Research Center (NURC) in collaboration with the Turkish Navy Office of
Navigation, Hydrography and Oceanography deployed two mooring sections
(Black Sea and Marmara Sea entrances) in the Bosphorus Strait as a part of the
TSS08 (NURC project) and EPOS (NRL project) programs in September 2008.
Each section was configured with: two BARNY moorings (ADCP, wave/tide
gauge, temperature, and conductivity sensors) and one line mooring with seven
pressure, temperature, and conductivity sensors (T/C sensors). All moorings
were recovered at the beginning of February 2009. Full high quality time series
were returned from the BARNY moorings. Unfortunately, both line moorings
were partially damaged; hence, the data return was limited.
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Fig. 1. Volume transports (km3/year) in the Bosphorus Strait: upper layers—
dashed line; lower layers — continuous line, and net volume flux — dotted line.

The available data were then used to estimate volume transports in the upper
and lower layers in the Bosphorus Strait. Times series of transport (upper,
lower, and net) for both ends of the strait are shown in Figure 1. Time series
means (September 2, 2008 — February 3, 2009) are 401 km3/year, 286 kmS3/year,
and 115 kmd/year for the upper layer, lower layer, and net transports,
respectively, along the southern entrance section, and 361 kmS3/year, 222
km3/year, and 139 km3/year for the upper layer, lower layer, and net transport,
respectively, along the northern entrance section. Additionally, at both
locations, the volume transport shows high variability. This variability is
generally more distinct for the volume flux of the upper layer. The fluctuations
there could be twice as large as their respective mean values. Results from
multiple and partial coherence analyses indicate that the variability of the upper

121

layer transport is primarily highly coherent with the water level difference
between the Black and Marmara Seas, secondarily with the local aong-strait
wind stress, and thirdly with the atmospheric pressure. The atmospheric forcing
and water level difference can easily account for at least 70% of the variance of
the upper layer volume transport in the Bosphorus Strait.
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Abstract

Future wave climate in the Western Mediterranean under different emission scenarios will be presented and compared to present day
climate. The results are obtained with a 1/6° wave model forced by 6-hours winds generated by a dynamical downscalling over the
Mediterranean with 50km resolution. Changes in the seasonal cycle, dominant patterns and extreme events will be assessed.

Keywords: Waves, Models

The knowledge of surface wave climate is of great importance to the design of
offshore structures, coastal environment protection and the planning of
operations at sea, among other maritime activities. Therefore, the identification
of changes in the wave climate produced by future emission scenarios is crucia
for the long term management of those activities. In this contribution, we
present a consistent and homogeneous dataset of past and future wave climate
in the Western Mediterranean. The dataset is based on the results of a
numerical model and consists on a reanalysis of past climate (1960-2000),
three runs of future climate (2000-2100) under different emission scenarios
(B1, A1B and A2) and a complementary control run of present climate
assuming only present emissions (with no data assimilation in the atmospheric
forcing). The WAM model [1] has been implemented in the Western
Mediterranean with a 1/6° resolution. The wave model is forced with 6-hours
winds provided by the ARPEGE climate model that provides information over
avariable resolution grid (~50km resolution over the Mediterranean [2]).

The reanalysis simulation results are compared with wave buoy measurements
showing a good agreement in terms of mean vaues and correlation (Table 1).
The changes in the wave climate will be assessed through different diagnostics.
First we will look at the evolution of the seasona cycle of SWH (Significant
Wave Height) and Tm (Mean Period). Preliminary results suggest a reduction
of the winter mean SWH that ranges from 10% in the B1 scenario to 50 % in
the A2 scenario at the end of the XXIst century. This will be accompanied by
areduction of 5-10% in Tm for the same period.

Tab. 1. Comparison of modelled and buoy measurements of wind and wave
pameters. The average values at three different observing sites are presented

Buoy Buoy | Model | Model | Correlation
Mean STD Mean | STD | model-obs
Wind | ¢ mis | 4.1mis | 5.9m/s |33 mss| 084
speed
SWH 1.1m | 0.85m | 0.89 m |0.69 m 0.92
Tm 4.1s 09s 35s 09s 0.82

In a second step, the good agreement of the reanalysis dataset with
observations supports a characterization of the present day climate in terms of
dominant patterns (EOF analysis) of SWH. Then, future changes could be
assessed projecting the results of future climate runs on the present day EOFs.
In our presentation, we will show the main changes of wave climate relating
them to changes in the wind climate.

Finally, extreme wave events will be characterized in terms of their occurrence
number, duration and intensity, both for the present-day climate and for the
future climate. First results (Table 2) suggest that the number of wave storms
and their intensity will decrease by the end of the XXIst century due to the
weakening of winds and cyclone activity over the Western Mediterranean.
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Tab. 2. Changes in the extreme events characteristics in under different
emission scenarios for a point located to the south-west of Mallorcalsland

Variable Scenario | 1960-2000 2060-2100
SWH 99.5 Percentile B1 4.5m 4.2 m
SWH 99.5 Percentile AlB 4.5 m 3.8m
SWH 99.5 Percentile A2 4.5m 4.1 m
N° days/year with SWIH >4.5 m B1 9.8 7.6
N° days/year with SWH >4.5 m Al1B 9.8 6.0
N° daysfyear with SWH >4.5 m A2 9.8 73
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Abstract

The hydrographic data of 61 years were used to study the regular formation of the sea surface temperature anomalies (SSTA) in the

South Eastern Mediterranean Sea.

Time distribution of SSTA values display both positive and negative cycles which are nearly associated with the 11 year cycle of sun-
spots activities. Normal SSTA band occupies only 21.41%, while the positive and negative bands occupy 32.90% and 45.69%.

Keywords: Eastern Mediterranean, Temperature

The relationship between sea surface temperature (SST) and atmospheric
variables is very important for the formation of the intermediate and deep
waters [1-2]. The area of study lies between 30- 33°N and 25- 34°E. The
vertical mean temperature of the upper 10 m layer is considered as sea surface
temperature to reduce the diurnal variations. The monthly mean sea surface
temperature (T) is calculated for each 1° grid (18 grids, Fig. 1) for every month
in the period from April 1948 to August 2008 using the available historical data.

The mean monthly Sea surface temperature is obtained from the Climatological
Atlas [3]. The deviation from the mean is computed and considered as monthly
SSTA for every grid. The mean monthly positive and negative SSTA through
the investigated period are determined, from which the SSTA amplitudes are
calculated. The regular formation and evaluation of the SSTA will be studied.
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Fig. 1. Mean annual variation of SSTA of the South Eastern
Mediterranean Sea.

Spatial and temporal distribution of SSTA

The normal, positive and negative SSTA bands occupy 21.41, 32.90% and
45.69% of the investigated period (Table 1). The negative SSTA is developed in
January, June and November. As for positive SSTA, there are one active
periods from May to August. The maximum SSTA amplitude occurs in June,
which coincided with negative and earlier than positive anomalies. The active
period of the SSTA amplitude is extended between May and November.

Tab. 1. The percentage of occurrence of SSTA bands.

S5 TA baned () DPercertage of oo omrence (%)
=20°C 17.75%
20=Tend=-10 C 15.02%
-l0=band= -05°C 952%
0.5=hand =05 "C (Honnal) 2141%
05=tand=10"C 252
10 =tand=20"C 12.79%
band =20 °C 11.49%,

The high amplitude lies close to land with inverse relation to the shelf width.
The low amplitude is centered off the Nile Delta characterized by very wide
continental shelf.

The positive SSTA is high in the west and centre decreasing seaward. In the
north-east there is an area of high positive anomaly. There are two areas of low
positive anomaly coincide with Mersa Matruh and Dammetta anticyclonic
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gyres [4-5].
The Interannual variability of the anticyclones is the reason of the presence of
negative active areas. This conclusion is coinciding with the results of [6-7].
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Abstract

Light transmission, fluorescence, in-situ particle size, and particulate matter concentration were measured during March-April 2008 ir
20 stations over the Eastern Mediterranean Sea, as part of the SESAME Project. We present a preliminary assessment of the
similarities and differences of the lonian, Levantine, north Aegean and south Aegean Seas, focusing on the properties of the

suspended particles and their spatia distribution patterns.
Keywords: Eastern Mediterranean, Sampling Methods

Introduction

The use of transmissometers is well-known for the study of particle dynamics
in the ocean for many decades [1, 2]. However, information regarding in-situ
particle size spectra, mean grain size, and volume concentration of particlesin
suspension up to 3000 m depth, can be measured only recently with LISST-
Deep (Laser In Situ Scattering and Transmissometry; Sequoia Scientific, Inc.
[3]), the only commercialy available instrument with such specifications. In
the framework of SESAME Integrated Project (Southern European Seas:
Assessing and Modelling Ecosystem Changes), a multidisciplinary
oceanographic cruise took place in the Eastern Mediterranean, collecting data,
among others, on light transmission, fluorescence, particulate matter
concentration, and in-situ particle size distributions. The aim of thiswork isto
contribute to a better understanding of particle dynamics in different sectors
of the Eastern Mediterranean, i.e. the lonian, Levantine, north Aegean, and
south Aegean Seas, and to provide for the first time information on suspended
particle size distributions.
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Fig. 1. Sampling stations location map.

Materials and Methods

During the cruise 20 stations were occupied on board the R/V Aegaeo (Fig. 1).
Standard CTD measurements were obtained with a SeaBird Electronics
11plus CTD deck unit interfaced with a Sea-Bird Electronics 9plus unit
attached to a General Oceanics rosette with 24 Niskin bottles. Light
transmission (subsequently converted to beam attenuation coefficient ¢, in m
1) was measured by two 25-cm path-length transmissometers emitting at 470
nm (Chelsea Alphatracka MKII) and 660 nm (Wetlabs C-Star), fluorescence
by a fluorimeter (Chelsea Aquatracka II1), and particle-size with the
autonomous LISST-Deep. All sensors were attached to the lower part of the
rosette frame and results refer to the downcasts [4]. The particulate matter
concentration (PMC) was determined by on board water filtration of 1 to 10
litres of seawater passed through pre-weighed polycarbonate membrane filters
with pore size 0.4 um; filters were dried and re-weighed upon return to the
|aboratory (163 samples).

Results and Discussion

lonian Sea: Beam ¢ values vary from 0.384 to 0.503 m! (mean 0.401 m'l)
with noticeable higher values in the upper 150 m. The highest value is
recorded near the surface of the westernmost station; however, thereisadight
increasing trend towards the east. Fluorescence shows a very clear high
concentration zone between 60 and 110 m depth, with maxima at 80 m. This
pattern is consistent at all lonian Sea stations. PMC range is 0.03-0.30 mg I
(mean 0.12 mg I"Y), with relatively higher values appearing at the upper 0-200
m (mean 0.16 mg 1Y), demonstrating the general scarcity of suspended
particles in the lonian Sea [5]. Median particle diameter Dsg measured in 3
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stations with LISST varied from 40 to 160 um, but without any consistent
pattern over depth. Records were generally noisy and with a lot of spikes,
making the interpretation rather difficult, whereas the distribution of particle
volume concentration (VC, inpl I'Y) looks more reasonable. Levantine Sea:
Only 3 stations were occupied south of Crete. Beam ¢ values vary from 0.406
to 0.521 m? (mean 0.422 m) and they are observed clearly in the zone
between the surface and 100 m depth. Fluorescence exhibits maxima around 80
m, with a decreasing trend offshore. PMC (0.06-0.43 mg I'1) shows slightly
higher values, similarly to beam c, because of the proximity of the stations to
the land. D5y measured in 2 stations shows a similar behaviour as the
previous. Summarizing, the general picture of the lonian Sea and the Levantine
Sea is fairly similar. North Aegean Sea: 4 stations occupied. Beam ¢ values
vary from 0.424 to 0.837 ml (mean 0.479 m'L). In this area characteristic
surface, intermediate, as well as bottom nepheloid layers are observed,
demonstrating generally a more turbid environment. Fluorescence values show
maxima at 50 m depth and an increasing trend from the north to the south.
PMC range is 0.05-0.85 mg 1"l (mean 0.20 mg 1Y), with higher values
appearing clearly at the upper 100 m. LISST measurements are characterized
by high variability over depth (Dgg 30-150 pm). South Aegean Sea: Beam ¢
values vary from 0.409 to 0.578 ml (mean 0.444 ml), with pronounced
surface nepheloid layers extending to 150 m depth. Fluorescence maxima
appear between 50 and 100 m and decrease toward the open sea (southwards).
PMC range is 0.04-0.63 mg 1"} (mean 0.22 mg I'}). Similarly to the north
Aegean, LISST measurements are not satisfactory.

Conclusions

The lonian and the Levantine Sea are characterized by extremely particle-free
waters throughout the water column, followed by the south Aegean Sea. The
north Aegean Sea shows more turbid waters due to rivers inputs. Fluorescence
maxima are pronounced but they are observed at different depths. Particle size
measurements obtained with LISST are questionable, since they show high
fluctuations over depth and also very high Dgg, which is not expected at such
depths. However, the presence of marine snow composed of large aggregates
could provide an explanation for the large size classes. On the other hand, the
high frequency variability in Dgg is mostly due to the influence of noise on the
measurements because the signal is very low. The main issue is that there are
hardly any particles in the water; the volume concentrations from the LISST
are well below 1 pl I'1in most cases, and PMC data support this. So this is
really pushing the technology to the extreme limits of what is measurable, in
terms of light scattering. The overal behaviour of the instrument and its
measurements needs careful re-evaluation. Most probably problems arise from
the very low PMCs observed in the Eastern Mediterranean.
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Abstract

The influence of the winter atmospheric forcing on the inter-annual variability of the Black Sea active layer’s thermohaline structure
during 1982-2008 is investigated. A high correlation between the variability of the winter -mean sea surface temperature/air
temperature and thermohaline characteristics of the active layer during the following warm season was found. It is shown that winter
atmospheric forcing significantly affects the variability of both temperature and salinity and density up to 150-200 m depth.

Keywords: Black Sea, Air-Sea Interactions, Hydrography

The response of the marine environment to the long-term variability of the
atmospheric forcing is a problem associated with the influence of the climate
change on the ecosystem. It is especially important for the Black Sea since its
ecosystem is very sensitive to the variability of the thermohaline structure [1,
2]. This variability on scales from synoptic to seasona is reasonably well
established [3, 4]. However, information on the longer-term variability and its
connection with the large-scale atmospheric forcing is limited and refers
mainly to the sea surface temperature (SST). The first attempts to associate
the long-term variability of SST in the Black Sea with the large-scale
atmospheric forcing are presented in [5, 6]. The goal of the present study isto
investigate the influence of the winter atmospheric forcing on the inter-annual
variability of the Black Sea thermohaline structure during 1982-2008. The
results are based on a combined analysis of ship hydrological measurements,
satellite measurements of the SST and NCEP/NCAR reanalysis data for the
surface air temperature (SAT). The preliminary results of our findings may be
briefly summarized as follows:

(1) the integral indicators of winter atmospheric forcing are SST (averaged for
January to March) or SAT (averaged for December to February). SST and
SAT are highly inter-correlated (R=0.92) which means that significantly longer
time series of SAT may be used for analysis;

(2) the thermal climatic signal in the active layer is positively correlated with
SST and SAT, reaches its maximum at 40-60 m and monotonously falls down
with depth. The salinity and density variability is more complicated. They are
negatively correlated with SST/SAT up to 80-100 m and change the sign of
correlation to opposite at the level of the permanent thermocline. Inter-annual
variability of the thermohaline characteristics becomes negligible at the depth
of 150-200 m;

(3) an integral indicator of the long-term variability in the active layer of the
Black Sea is the mean temperature of the cold intermediate layer (CIL). The
CIL mean temperature decreased during 1982-96 and increased for about 0.9
deg.C in 1997-2002, which is consistent with the major climatic events
described in [5, 6];

(4) we find out that the heat content deficit in the CIL is spatialy
inhomogeneous: it is about twice as thicker in the area of the continental slope
compared to the deep area due to the specific water circulation;

(5) a statistically significant correlation between the CIL temperature and
winter SST/SAT existed for two years. It means that the influence of winter
cooling on a given specific year may be traced in the CIL characteristics during
at least the two following years.

This work was funded in the frame of bilateral the Russian—Turkish project
‘Response of Black and Aegean Seas to climatic variations (Russian
Foundation for Basic Research grant #09-05-91221-CT a) and EU
international project “ SESAME".

References

1 - Oguz T., Cokacar T., Maanotte-Rizzoli P. and Duclov H.W., 2003.
Climatic warming and accompanying changes in the ecologica regime of the
Black Sea during 1990s. Global Biogeochem. Cy., 17(3): 1088, doi:
10.1029/2003GB002031.

2 - Oguz T., 2005. Black Sea ecosystem response to climatic variations.
Oceanography, 18(2): 122-133.

3 - Kostianoy A.G. and Kosarev A.N. (Eds.), 2008. The Black Sea
Environment. The Handbook of Environmental Chemistry, Vol.5: Water

125

Pollution, Part 5Q. Springer-Verlag, Berlin, Heidelberg, New Y ork, 457 p.

4 -0guz T., Tugrul S, Kideys A.E., Ediger V. and Kubilay N., 2005. Physical
and biogeochemica characteristics of the Black Sea. The Sea, 14, Chapter 33:
1331-1369.

5 - Kazmin A.S. and Zatsepin A.G., 2007. Long-term variability of surface
temperature in the Black Sea, and its connection with the large-scale
atmospheric  forcing. J. Marine Syst.,, 68 (1-2): 293-301, doi: 10.1016/
j-jmarsys.2007.01.002.

6 - Kazmin A.S., Zatsepin A.G. and Kontoyianis H., 2009.Comparative
analysis of the long-term variability of winter surface temperature in the Black
and Aegean Seas during 1982-2004 associated with large scale atmospheric
forcing. Int. J. Climatol., doi: 10.1002/joc.1985.

Rapp. Comm. int. Mer Médit., 39, 2010


http://www.tcpdf.org

ASSESSMENT OF VERTICAL EDDY DIFFUSIVITIESTHROUGH IDENTIFICATION OF POTENTIAL
DENSITY OVERTURNSWITHIN THE FRAME OF SESAME PROJECT.
Sotiris Kioroglou 1*, Vassilis Zervakis 2, Elina Tragou 3 and Emin Ozsoy 4
1 Hellenic Center for Marine Research, Anavyssos, Greece - skior@ath.hcmr.gr
2 Deparment of Marine Sciences, University of Aegean, Mytilene, Greece
3 Department of Marine Sciences, University of the Aegean, Mytilene, Greece
4 |ngtitute of Marine Sciences, Technical University of Middle East, Erdemli, Turkey

Abstract

In this work, an estimation of vertical eddy diffusivities and dissipation rates for the SESAME cruises is conducted. The method is
based on tracing the ‘genuine’ overturn limits within potential density CTD profiles. The respective agorithm is applied on CTD date
of the broader area encompassing the Greek Seas, the Black Sea, the Turkish Straits and Marmara Sea, acquired at 2 seasons

(Winter and Summer 2008).

Keywords: Coastal Processes, Aegean Sea, Black Sea, Marmara Sea, Vertical Profile

The identification and vertical extent estimation of 'genuine’ vertical overturns
has aready been used in literature [1, 2, 3] for assessing vertica eddy
diffusivities and dissipation rates. Overturns are 'unstable' potential density
(p. d) structures, in which heavier water masses temporarily overly lighter
ones. Instability will cause the water parcels to move towards restoring a
stable, increasing monotonically with depth, p.d profile (when all motions are
‘included’ within the overturn limits the overturns are referred to in
literature as ‘complete’).

An algorithm has been developed, for tracing al possible complete overturns
(by estimating their exact boundary limits) that are (in the form of
onedimensional snapshots) part of a CTD measured p.d profile. The algorithm
further sorts the traced overturns as 'genuine' or ‘artificial’, according to the
Galbraith and Kelley method [1]. This method disqualifies overturns that are
result either of instrumental noise, (being characterized by small on the
average populations of spatially subsequent and kinematically correlated
particles), or instrumental errors (being characterized by 'non-linear' T-S
relation of their water masses). As a fina step the algorithm estimates value
pairs of vertical eddy diffusivities and dissipation rates, one value pair per
overturn, according to turbulent scale analysis.

The algorithm was applied on the available SESAME 1 (Winter 2008) and
SESAME2 (Summer - Fall 2008) CTD cruises for the Aegean Sea, the Cretan
Sea, the Southern lonian Sea, the Marmara Sea and the Black Sea, thus
enabling both spatial and temporal variation studies. Stations that presented
considerable number of overturning events were ‘pooled together' in transects,
for studying the vertical distribution of 'eddy diffusivities and correlating
turbulent events with local dynamic conditions, if and when possible (Figures
land2).
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Fig. 1. Vertical distribution of eddy diffusivities (circles) aong a transect
(drawn in the inlay) in the Sea of Marmara, Turkey, in October 2008 (during
the SESAME2-WP3 cruise). The circle sizes are analogous to the log
(diffusivities). Overlaid is the vertical potentia density (sth) and inlaid the
horizontal sth distribution at 70 m.
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Fig. 2. Vertical distribution of eddy diffusivities (circles) along a transect
(transect line is drawn in the inlay) in the North Aegean Sea, North off
Lemnos islan, Greece, in April 2008 (during the SESAME1-WP3 cruise). The
circle sizes are analogous to the log(diffusivities). Overlaid is the vertical
potential density (sth) and inlaid the horizontal sth distribution at 10 m.

Histograms of overturns frequency of occurence versus eddy diffusivities
and dissipation rates showed peaks of highest frequency at 10 4 t0 10 >m 2/
sec and 1076 to 107 m2/ sec3 for eddy diffusivity and dissipation rates
respectively. Higher diffusivity values were observed in North Aegean, where
surface Black Sea Water intermingles with subsurface Levantine Water. Higher
diffusivity values were also observed in the proximity of the Turkish Straits
(Dardanelles, Bosphorus). Most overturns were observed above the
thermocline, however intermediate depth (200m to 300m or more) depth
overturns were occasionally observed in amost al the study Seas. High
resolution CTD data, comprising a dense horizontal grid, prove essentia for
future vertical diffusion studies. The method however is aso valuable for
historical diffusion studies.
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Abstract

The deep neutrino-telescope site (NESTOR) in the southeast lonian Sea is located offshore from the southwest end of the mainland
of Greece in the deepest area of the Mediterranean with depths reaching 5.2 km. Among various multidisciplinary observational tasks
in the period 2006-2009, long current-meter moorings were deployed and several west-east, normal-to-local-bathymetry hydrographic
sections were conducted with main goal to monitor the physical water characteristics and flow conditions. The sections cut through &
deep vein at ~3200 m of Cretan water in the southeast lonian. A weakening in the presence of Cretan water and a tendency for
offshore migration of the vein core is observed from 2006 to 2009, while the flow field at depths greater than ~3.5 km is dominated by

acyclonic eddy locked on the loca bathymetry.
Keywords: Deep Sea Basins, |onian Sea, Circulation

Introduction

The role of Physical Oceanography in the development of the appropriate
infrastructure for the operation of underwater deep-facilities of neutrino
telescopes in the Mediterranean has been to provide the description of the
physical water characteristics and flow conditions along with their variability at
the selected sites. One tentative site is located in the southeast lonian Sea
offshore from the south-west tip of Peloponissos/ Greece with depths of 4-5
km. This areais not far from the Cretan Straits, where the Cretan water masses
outflow into the deep Eastern Mediterranean (lonian and Levantine Seas). Thus,
the involvement of Physica Oceanography in the effort of developing the
Mediterranean neutrino telescopes is directly related to the deep thermohaline
circulation, spreading and transformation of water mass properties originally
generated at their formation regions.

Field Work

Intense observational work has been carried out in the period 2006-2009. A
basic effort has been put to monitor the hydrographic conditions along a west-
east section on ayearly basis, while additional CTD stations in the near vicinity
have allowed to construct maps of dynamic topography showing the localized
sub-mesoscale circulation structures. In paralel, long current meter moorings at
two sites with bottom depths 4.5 km and 5.2 km have been maintained
providing direct current measurements at four levels of the water column (Fig.
1). Unfortunately, in the period 2006-2009 there was no larger-scale
hydrographic survey to map the particular meso-scale or sub-basin scale
structure(s) in which the transect observations were/are embedded.

site NESTOR_4.5

g;; Depth = 4800 doar |
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Fig. 1. Time series of deep currents at positions NESTOR_5.2 (36° 32,709’ N -
21°07.231' E) and NESTOR_4.5 (36° 32.822'N - 21° 29.064'E)

Results

A deep vein-like structure with a core at ~3200 m isidentified in the transect to
the west of Peloponissos. The local salinity maxima at its core indicate a Cretan
origin. Below ~3200 m, there exist water masses of recent Adriatic origin,
whereas a ~5.2 km there is a low-oxygen, isolated, old Adriatic water mass.
Apart from the typical properties of temperature, salinity and dissolved oxygen
used to identify and describe these structures, water transparency is aso
measured in the transects due to its importance in detecting neutrinos. The
Adriatic and Cretan water masses do carry atransparency signal, characterizing
their origin, with decreasing/increasing transparencies in the Adriatic/Cretan
water mass. The core of the Cretan water at ~3200 m is shifting towards the
west by ~30 km. In 2009 it loses the vein-like structure in salinity but it
consistently preserves its higher transparency core signa in the entire
observational period. The overal salinity is decreasing from 2006 to 2009. The
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deep flow field at depths of 4.5 km and 5 km is characterized by extremely
weak velocities with mean speeds near ~2 cm/sec. A cyclonic eddy locked on
the local bathymetry appears to exist at depths from ~3.5 km to the bottom in
2006 and 2008. In May 2009, however, its vertical extent is decreased to depths
greater than ~4 km.

References

1 - POEM Group, 1992. Genera Circulation of the Eastern Mediterranean.
Earh i Rev., 32: 285-309.

2 - Beuwvier J, F. Sevault, M. Herrmann, H. Kontoyiannis, W. Ludwing, M.
Rixen, E. Stanev, K. Beranger, and S. Somot, (2010), Modelling the
Mediterranean Sea interannual variability over the last 40 years: Focus on the
Eastern Mediterranean transient (EMT) (This Issue)

3 - Maanotte-Rizzoli, P., B. Manca, M. Ribera d'Alcala, A. Theocharis, S.
Brenner, S. Budillon, E. Ozsoy, (1999), The Eastern Mediterranean in the 80’2
and 90's: The big transition in the intermediate and deep circulation. Dynamics
of Atmospheres and Oceans 29 (2-4), 36-395

4 - Robinson, A., M. Golnaraghi, W. Ledlie, A. Artegiani, A. Hecht, E. Lazoni,
A. Michelato, E. Samsone, A. Theocharis, and U, Unluata (1991), The Eastern
Mediterranean general circulation: features structure and variability. Dynamics
of Atmospheres and Oceansl15, 215-240.

5 - Theocharis A., B. Klein, K. Nittis W. Roether (2002), Evolution and status
of the Eastern Mediterranean Transient (1997-1999), Journal of Marine
Systems 33-34, 91-116.

Rapp. Comm. int. Mer Médit., 39, 2010


http://www.tcpdf.org

ADVANCESIN THE NORTHEASTERN MEDITERRANEAN SEA: COMPLEX PATHWAYSOF THE WATERS
OF BLACK SEA ORIGIN THROUGH THE AEGEAN SEA
Villy Kourafalou *, Kostantinos Tsiaras 2, Dionysios Raitsos 2 and loannis Androulidakis 3
1 University of Miami, Miami, FL, U.SA. - vkourafa ou@rsmas.miami.edu
2 Hellenic Center for Marine Research, Anavyssos, Greece
3 Arigtotle University of Thessaloniki, Thessaloniki, Greece

Abstract

Recent advances in both observations and modelling have alowed the better understanding of the factors that influence the transport
pathways of waters of Black Sea origin and their influence on the Aegean Sea physics and ecosystem over a range of spatial and
temporal scales. This study elucidates the related dynamics, focusing on the influence of the biophysical properties of the Dardanelles
outflow, atmospheric forcing and the complex topography of the receiving basin on (a) the seasona and inter-annual variability of
observed surface Chlorophyll-a spatial patterns; and (b) long term changes in Sea Surface Temperature and the associated variability
in the North Aegean contribution of Eastern Mediterranean dense waters.

Keywords: Continental Shelf, Aegean Sea, Black Sea, Circulation Models, Chlorophyll-a

The outflow of waters of Black Sea origin (BSW) in the Aegean Sea through
the Dardanelles Strait is a key mechanism in the coupling of the Mediterranean
and Black seas. The low-salinity, nutrient-rich BSW are a key factor in
increased biotic productivity for the North Aegean, sustaining one of the most
significant fish stocks in the Eastern Mediterranean. They also may influence
long term changes in the properties of deep water masses, as they may alter
the pre-conditioning for dense water formation.

An international effort has recently focused on the coupling of the two basins,
recognizing the key role of the flow exchanges in the Northern Aegean and the
Southern Black seas through the Turkish Straits System (TSS: Dardanelles
Strait, Sea of Marmara, Bosporous Strait). This effort is a unique collaboration
of projects funded by the European Union (SESAME project), the NATO
Undersea Research Center (TSS 2008-2009 Sea Trials), the U.S. Naval
Research Laboratory (NRL-Stennis Space Center) and the U.S. Office of
Nava Research. The coordinated observational and modeling effort is a true
breakthrough for the oceanography of this complex region, toward the better
understanding of the biophysical dynamics of the coupled Mediterranean and
Black Sea system.

This presentation will focus on modeling results, with appropriate examples
and references to abstracts that present the analysis of recent observations.
Satellite and drifter observations will be employed for model evaluation. In
particular, results from two hydrodynamic models (based on the Princeton
Ocean Model, POM; and the Hybrid Coordinate Ocean Model, HY COM)
and a coupled hydrodynamic/biogeochemical model (based on POM and the
European Regional Seas Ecosystem Model, ERSEM) will be presented. The
seasonal variability of BSW pathways will be revealed and the long term
(1985-2007) interannua variability of the North Aegean water mass
characteristics will be examined and compared against the effects of vertical
(atmospheric forcing) and lateral (buoyancy input) fluxes, in an attempt to
assess the productivity variability in the N. Aegean over the last decades and
identify any possible climatic trends. High frequency/high resolution
atmospheric forcing has been used for the 2002-2007 period from the
POSEIDON operational atmospheric model [1]. The atmospheric forcing for
the 1985-2000 period is based on the ECMWF ERA40 reanalysis [2]. The
modelled major events of low Sea Surface Temperature (SST) are in agreement
with satellite derived SST and the associated increased dense water formation
in the N. Aegean can be connected to the Eastern Mediterranean Transient
(EMT, [3,4,5]). This phenomenon of massive dense water formation in the N.
Aegean has been attributed to the local atmospheric forcing variability
triggering significant buoyancy loss through evaporation, combined to an
increased salinity preconditioning induced by a decrease of BSW inflow and/or
the increased inflow of Levantine more saline waters [6]. However, the impact
of BSW on the preconditioning phase remains unclear.

We aso explore and assess the major variables that influence the surface
phytoplankton biomass. Temperature, Salinity, Sea Surface Height and Mixed
Layer Depth from the two different hydrodynamic models and productivity
parameters from the biophysical model have been employed in Generalised
Additive Models (GAMs: a flexible regression technique that can model
nonlinearities using nonparametric smoothers), to study the contribution of
these various physical and ecological factors in the variability of satellite
derived Chlorophyll-a, a proxy for BSW influence. The remotely sensed
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surface Chl-a data were derived from the SeaWiFS sensor, for the period of
2002-2006. Monthly averaged time-series were created from the parameter
matrix of both SeaWiFS and the numericall models. The andysis was
performed for the whole Northern Aegean Sea and for subdomains in the open
sea and over different shelf areas, including regions under the immediate
influence of both small (rivers) and large (Dardanelles) buoyant outflows,
which provide inputs of high Chl-a content. The GAMs analysis showed that
the combined effects of the variables used, explained >80% of the surface
Chlorophyll variation. Also it was found that depending on the subarea, the
Chl-a was primarily controlled physically rather than chemicaly (nutrient
related) and vice versa. Asagenera rule, higher Chl-avalues were associated
with lower temperature and salinity values, increasing phosphate and declining
nitrate trends. The negative correlation with nitrate indicates that generally the
study area is a phosphate limited one. Finally, the influence of cold, nutrient
rich, and less saline waters of the Black Sea and/or riverine origin on the
observed chl-a patterns, is evident in almost every subarea.
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Abstract

The outflow of low sdlinity, eutrophic and cool waters of Black Sea origin (BSW) through the Dardanelles Strait is the strongest
buoyant input for the North Aegean Sea. This outflow affects significantly the physical and biological characteristics of the basin, with
implications for water mass characteristics and the circulation and biotic production around remote coastal ecosystems. This study
focuses on the understanding of the processes that influence the initial ballooning of the Dardanelles outflow and the subseguent
transport and fate of BSW through the Northern Aegean Sea. The Hybrid Coordinate Ocean Model (HY COM) is employed in a
methodology to parameterize and simulate the coupling of the Aegean and Black Seas through the Dardanelles Strait.

Keywords: Aegean Sea, Black Sea, Circulation Models, Coastal Processes, Coastal Engineering

The Dardanelles outflow contains waters of Black Sea origin (BSW) that are
generally cooler and with higher nutrient content than the oligotrophic Aegean
Sea [1]. This alows the outflow to be detected in Sea Surface Temperature
(SST) and ocean color imagery. The BSW is aso fresher and responsible for
the overall lower salinities in the northern Aegean, where the frontal areas are
related to the spreading of BSW above the saltier modified Levantine
Intermediate Water (LIW); [2,3,4]. The evolution of BSW through the North
Aegean Sea resembles that of a buoyant plume, under the influence of
atmospheric forcing and further modified by the complex topography. This
outflow affects significantly the physical and biological characteristics of the
basin, with implications for the circulation and biotic production around
remote Aegean coastal ecosystems.

Lagrangian observations [5] have reveded the complexity of the BSW
pathways and the modification of flows through interaction with narrow
passages and straits, around islands, along the rim of shelf/coastal areas and
deep sub-basins. It is the complexity of topography that motivated the
employment of the Hybrid Coordinate Ocean Model [6] on the North Aegean
(NAEG-HYCOM), to dlow suitable transitions of the vertical coordinate
system from isopycnal in the deep regions to bottom-following (sigma) and
cartesian (z-level) in the shelf and coastal areas.

The NAEG-HY COM has 1/50° horizontal resolution and 20 hybrid layersin
the vertical. The model has been nested within a basin scale, data assimilative
model for the Mediterranean Sea (resolution of 1/25°). This study is part of a
unique collaboration of projects funded by the European Union (SESAME
project), the NATO Undersea Research Center (TSS 2008-2009 Sea Trials),
the U.S. Naval Research Laboratory (NRL-Stennis Space Center) and the U.S.
Office of Naval Research. The coordinated observational and modeling effort
is atrue breakthrough for the oceanography of this complex region, toward the
better understanding of the biophysica dynamics of the coupled
Mediterranean and Black Sea system.

Two types of experiments have been executed in order to elucidate the
development and evolution of the Dardanelles buoyant plume, expressed by
the initial tendency for ballooning of the outflow and the subsequent
formation and variability of the associated rim current. Theory and
observations have been employed to evauate the model results. Several
process oriented experiments have isolated and examined each of the distinct
physical aspects that affect the North Aegean Sea circulation and mass
characteristics. Redlistic experiments covering the 2002-2008 period have
focused on the interaction of the circulation forcing mechanismsin determining
the seasonal and inter-annual variability of the BSW pathways. Sensitivity to
the spatial resolution of the atmospheric forcing is revealed through twin
experiments with two high-frequency operational atmospheric products,
namely the fine scale (1/10 degree) POSEIDON/SKYRON [7] and the coarse
scale (1 degree) Navy Operational Global Atmospheric Prediction System
(NOGAPS, [8]).

We employ comparisons of the NAEG-HYCOM model and in-situ
observations and satellite images to evaluate the river parameterization
procedure, the requirements in atmospheric forcing fields and the impact of
the parameterization of the coupling between the North Aegean and Black
seas through the BSW outflow at Dardanelles. The BSW bulge balooning and
severa outflow parameters are compared to the findings of [9]. The
parameterization of the Dardanelles outflow follows approaches ranging from
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a river-like buoyant discharge to a two-layer inflow-outflow system, to
coupling with an unstructured grid model of the Turkish Straits System
(Dardanelles Strait-Sea of Marmara-Bosphorous Strait), suitable to employ
updated time series of measured flow properties.
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Abstract

The state of the art of the oceanographic properties in 2008 of the lonian Sea is derived from the data sets collected during two
campaigns in the framework of the SESAME project. The physical characteristics of the main water masses present in the basin and
their seasonal differences are described. The long-term changes in the deep water in the central lonain Sea are traced by the use of
the 137Cs content and associated with a change of the thermohaline properties in the last two decades.

Keywords: lonian Sea, Density, Salinity, Temperature

Surface dynamical features characteristic of the lonian Sea area are described by
means of satellite altimetric imagery (absolute dynamic topography; http://
www.aviso.oceanobs.com/en/data/product-information/duacs/index.html). They
are compared to the subsurface current field measured by a vessel-mounted
Acoustic Doppler Current Profiler aong the track of the research vessel. The
lonian basin is characterised by the overall anti-cyclonic surface circulation at
surface, within which a number of sub-basin and meso-scale gyres and eddies,
both clock-wise and anti-clockwise are imbedded. The most persistent is the
Pelops anti-cyclonic gyre. These structures influence the distribution and the
pathways of the surface and intermediate water masses (lonian Surface Water,
Atlantic Water, and Levantine Intermediate Water, in particular). During winter
the upper layer is relatively well mixed. The Atlantic Water (sdinity 38.4) is
confined to the western portion of the W-E section from the surface down to
100 m (Fig. 1). Levantine Intermediate Water (sdinity > 38.9) spreads
westward from the eastern lonian in the layer 150-500 m.
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Fig. 1. Vertical distribution of salinity aong the W-E section in winter 2008. A
rectangular area in the inserted map indicates the central lonian station.
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Fig. 2. Vertica distribution of salinity along the W-E section in summer 2008. A
rectangular areain the inserted map indicates the central lonian station.

In summer (Fig. 2), stratification in the upper layer and the sub-basin scale
eddies influence the recirculation of the Atlantic Water (minimum salinity < 38
in the 30-50 m layer below the surface), while the Levantine Intermediate Water
is down-welled by the Pelops anticyclone. Below the Transitional
Mediterranean Water (characterized by an oxygen minimum at around 1000 m)
the deepest zones to the west and in the central Ionian are filled with the dense
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waters (Eastern Mediterranean Deep Water, EMDW) of Adriatic origin (salinity
38.74), while to the east less sdline dense waters reside. The most recent
EMDW (of Adriatic origin) has higher salinity and temperature values. The
present state is compared to changesin the central lonian Sea during the last two
decades [1], and illustrated also by the uplifting of the old bottom waters
(detected by means of the 137Cs content).
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Abstract

It has been observed that two types (A and B) of winter oceanographic conditions can occur in the northern Adriatic. The difference
between the eastern and western parts bottom layer density distinguishes the two winter types. We intend to present a precise
definition of the two types and introduce a third winter type (C). A and B types differ in hydrographic (temperature and salinity),
dynamic (geostrophic currents distributions), chemical (total inorganic nitrogen and phosphorous) and biologica (phytoplankton)

parameters.

Keywords: Adriatic Sea, Circulation, Nutrients, Phytoplankton, Po Delta

Introduction

The northern part of the Adriatic is under the influence of the Po River, one of
the largest Mediterranean rivers. Spreading of the Po River waters highly
influences oceanographic processes in this region. Depending on circulation
patterns, Po River waters are drawn into the northern Adriatic region or are
diverted southwards (Figure 1). According to Supic and Vilibic [1], who
described winter hydrographic conditions in the northern Adriatic for the
1966-2000 period, two basic hydrographic February conditions (A and B) can
occur in the region. The A type occurs when bottom density is higher in the
eastern part than in the western one of the northern Adriatic and the B type is
when itisjust the opposite. A detailed analysis of the two types was needed.
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Fig. 1. Northern Adriatic map and schematics of two circulation types in its
surface layer. The "open" circulation pattern (solid arrows) favors the inflow
of southern Adriatic waters, and the "closed" circulation pattern (open arrows)
spreads the Po River waters towards the east.

Methods

Sampling strategy, parameters determination and calculation

Hydrographic (temperature, salinity and density), dynamic (geostrophic
currents relative to 30 m depth between each two neighboring stations),
chemical (total inorganic nitrogen and phosphorous) and biologica
(microphytoplankton) samples were collected in February at six stations
between the Po River delta (Italy) and Rovinj (Croatia) (Figure 1) in the 1981-
2007 period. The parameters were determined by standard oceanographic
methods.

Type determination
The A or B type occurs when average 30 m sigma-t value at western stations

131

SJ108 and SJ101 (Table 1) is at least 0.1 lower or higher than at eastern SJ107,
respectively. The special C type occurs when the difference is less than 0.1.

Results

In type A winters temperature, nutrient concentrations and phytoplankton
abundance at the entire Po River delta- Rovinj transect were generally higher
than in type B winters, while salinity and density were lower (Table 1). The
difference in phytoplankton abundances between A and B types for the
eastern part of the transect was especially pronounced (Table 1).

Tab. 1. Bottom density of the western (W) and eastern (E) northern Adriatic
(bottom p), the corresponding winter type, surface geostrophic currents
relative to 30 m between SJ105 and SJ107 (v; + means flow towards north, and
- means flow towards south), intensity of the Po River flow during January
and February compared to long-term means (Po flow) and water column
averages for temperature (T), salinity (S), density (p), orthophosphate (P),
total inorganic nitrogen (N; nitrite, nitrate and anmonium) and phytoplankton
(phyto; 20-200um)

Water column averages

Bott‘cm P Winter v T 5 P P N Phyto

Year (1 t 1y | Po flow -4 -1 £l

ype | (ems’) (C) (1) (1) | (@mol L) | umolL) |  (cells L)

West | East WIE[W[E|W[E|W[E|W[E]| W E
1993 29.0 [292] A = L [ e | o3 |67 376|286 201 ] 006 | 003 | 57 | 20 |2assass | 1618518
2001 | 287 |290| A E] H |15 2055 |80 286 290 | 016 | 003 | 53 | 27 | 552410 208707
2004 | 266 297 | A -10 L | 86 | 8¢ |07 |2e |25 | 260 ] 005 | 008 | 65 | 54 | et | 1eszen2
2007 | 2.0 [291| A 0 L |5 |1s |75 |38 | 265 | 201 | 006 | 002 | 29 | 17 | mzom| 7o
AVG | 291 [293| A 4 - [100 | 104 | 372|375 | 285 | 290 | 008 | 004 | 51 | 30 | 1011025 | sieisz
1987 298 [205| B 1 [ |7 |7 [0 276|295 25] 017 | 001 | 15 | 18 = 5
1990 | 266 [29.2| B 3 L 99 | 104 008 |00t | 17 | 14 5aTT| 458
1991] 299 [298] B 0 REE 7] 00s | oon | 39 | 21 |2ssseat| sess
1994295 [292] B 7 H o1 |02 2| 006 | 000 | 28 | 1 me0 | mom
1999 20.8 [296| B 3 L o5 e 006 | 003 | 14 | 11 | wze22| ves
2000|299 [2906| B 1 L |4 o 005 | 001 | 24 | 10 |12010m| 151
2003 | 29.7 |296| B 0 H_ |52 |88 007 | oo | 16 | 2 G024 | 0w
2005 206| B 4 L > | = 5 | 004 | 28 | 26 | toest | ssere0
2006 207] B 3 L |7e]es oo | 25 | 22 | 2eate2| 4073
AVG 295 B 2 - [ss o2 002 | 25 | 17 | satest | seas
981] 298 298] C 0 L [ea]ee 002 | 0 | 09 - 5
982 29.4 (294 C 3 L [0l [ - |- [sweem| e
995]29.2 [292] C 0 HIL | o4 | 10. 005 | 22 | 16 | ses|  mm
998|291 (291 C ) L |se |0 o1 | 24 | 15 | #susse | waoa
AVG | 294 [294] C E] 52 |98 003 | 19 | 14 |2332120 | 40209

In winters of A type (except in 2007, when currents were very weak) there
was a geostrophic flow towards south between stations SJ105 and SJ107,
indicating the presence of a large anticyclonic gyre off the Po River delta and
spreading of Po waters towards east (Table 1, Figure 1). On the contrary, in
winters of B type a geostrophic flow towards north between stations SJ105
and SJ107 was observed. Results of an analysis of winter circulation fields (in
preparation) show that the distribution of surface geostrophic currents in
winter strongly depends on bottom density distribution. Winter types occur
independently of the Po River input (Table 1). Values obtained for all
parameters during C type winters are generally between values characteristic
for A and B type ones.

Conclusion

Results strongly indicate that in A type winters Po River waters spread over
the northern Adriatic, distributing fresh nutrient rich waters towards east and
favoring phytoplankton blooms over a large area. In winters of B type, these
waters are restricted to the western area. C type winters are more vague and
cannot be described as precisely as A and B type winters.
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SUB-MESOSCALE WATER DYNAMICS AT THE NARROW BLACK SEA SHELF: PHYSICAL MECHANISMS.
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Abstract

Using traditional and modern observational methods, the investigations of short-term variability of hydrophysical structure and water
dynamics in the Black Sea over the shelf and upper part of continental slope near Gelendzhik were carried out during 3 years (2006-
2008). The methods include: &) an analysis of satellite images (sea surface temperature and color); b) sea-going transects at shelf-
deep sea area with frequent CTD-profiling; ¢) quasi-instantaneous surveys (snapshots) with measurements of velocity field by means
of towed ADCP. The activities were fulfilled predominantly in autumn season under the conditions of well -developed mesoscale
water circulation in north-eastern part of Black Sea and non-stationary wind forcing.

Keywords: Black Sea, Continental Shelf, Coastal Processes, Continental Sope

Sub-mesoscale (1-10 km) and short-term (1-100 hours) variability of the
hydrophysical structure and fluid dynamics at the narrow Black Sea shelf
depends on a number of factors: wind forcing, fresh water runoff, fluid
dynamics over the continental slope and deep part of the sea, coast relief and
bottom topography. The influence of the mentioned factors on the shelf fluid
dynamics and cross-shelf exchange processes (that are responsible for shelf
water renewal and self-purification from natural and anthropogenic pollution)
is not well studied. In this paper we present the results of an investigation on
the Black Sea shelf fluid dynamics and its short-term and sub-mesoscale
variability under the influence of water dynamics over the continental slope
and deep seaas well as coast relief and bottom topography.

The study was fulfilled in Gelendzhik area at autumn seasons of 2006-2009.
Following data, methods and equipment were used:

1) NOAA, MODIS-AQUA and MODIS-TERRA satellite information
(sea surface temperature, chlorophyll “ &, water leaving radiance);

2) cross-shelf CTD sections,
3) towed ADCP surveys with sub-mesoscal e resolution;
4) bottom mounted ADCP measurements at selected stations.

| Gelendzhik ™
i bay

Fig. 1. Anticyclonic sub-mesoscale eddy over the Black Sea shelf, revealed
during atowed ADCP survey.

A well-pronounced short-term and sub-mesoscale variability of the fluid
dynamics over the shelf and upper continental slope was revealed. Particularly
the dynamical variability was characterized by an inconstancy of the
alongshore and cross-shore velocity components accompanied by intensive
cross-shelf water exchange. The general origin of the observed variability was
related to the formation and aong-shore transfer of sub-mesoscale eddies with
diameter about 5-10 km (Fig. 1).

These eddies were ageostrophic and their life-time normally did not exceed a
few days. The main energy source of sub-mesoscale eddy formation was the
externa circulation — currents over the continental slope. Two basic physical
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mechanisms of sub-mesoscale eddy formation were revealed. Thefirst was the
shear instability of the along-shore current. The second was observed only in
case of strong external circulation (when aong-shore current velocity over the
shelf edge exceeded 40-50 cm/s) and consisted in periodic eddy formation in
the concave forms of the coast relief, their detachment from the shore and
inclusion to the aong-shore current. Some eddies grow up rapidly and
transform to mesoscale (geostrophic balanced) eddies, that play an important
role in cross-shelf water exchange and influence on the ecosystem of Black Sea
coastal zone[1].

This study was supported by the EC IP SESAME, RFBR grants 08-05-
00183, 08-05-0063, 09-05-90175, 09-05-13527, 09-05-574.
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Abstract

This paper presents a sensitivity study in regional air-sea numerical modelling. The NEMO-MED12 ocean model is driven by different
forcing fields coming from the WRF atmospheric model. We examine here the modifications in the thermohaline circulation and in the
small scale ocean response especially under intense meteorological events, when varying the tempora resolution or the spatia

resolution of the atmospheric forcing.

Keywords: Models, Atmospheric Input, Air-Sea Interactions, Gulf Of Lions

The Mediterranean Sea circulation with its complex patternsis sensitive to the
regional climate [1] and to local extreme meteorological events that frequently
occurred over the region. In the framework of the MORCE-MED project, a
two-way ocean-atmosphere coupling is developed between the WRF
atmospheric model [2] and the NEMO-MED12 ocean model [3]. The future
ocean-atmosphere coupled system is part of the future regiona numerical
platform including aso the modelling of the continental superficial layers,
atmospheric chemistry and marine biogeochemistry. The whole regional
coupled model aims to study the impacts of the climate change over the
Mediterranean basin. Before applying the full two-way interactive coupling
between the two regional models, the forcing mode is considered through a
sensitivity study.

The downscaling of the NCEP reanalyses over the full Mediterranean basin
with a 20-km resolution has been done with WRF between August 1998 and
July 1999. The WRF model is able to well represent the Mediterranean
climate and annua heat and freshwater budgets (Fig. 1), and with a good
representation of extreme meteorological events such as strong local winds or
heavy precipitation.
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Fig. 1. (a) Heat and (b) freshwater budgets over the Mediterranean [HB
(W/m?)= SW (short-wave radiation -LW (long-wave radiation) -H (sensible
heat flux) -LE (latent heat flux); FWB (mm/year)=E (evaporation)-P
(precipitation)] according to the daily-averaged WRF simulation fields at 20-
km resolution between the 1-Aug-1998 and the 31-July-1999.

The daily atmospheric fields obtained are then used to drive the MED12
ocean model (6-8 km resolution) in a perpetua mode during a spin-up of 8
years. Then, four experiments are done for a period of 4 years. The first
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experiment (or control experiment CTL) is the continuity of the spin-up. In
the second experiment (ZOOMGOL ), afiner spatia resolution is applied over
the Gulf of Lions area in order to better represent atmospheric mesocale
patterns, in particular the channelling of the mistral and tramontane. In the
third experiment (3HFREQ), a higher temporal resolution is used, i. e. the
frequency of the forcing is 3 hours, alowing a good representation of the
diurnal cycle and of the extreme air-sea exchanges during severe meteorological
events. Finally, the fourth simulation (HIGHRES) combines the high temporal
frequency and the zoomed forcing fields over the Gulf of Lions.

Even if few differences are found between the four MED12 experiments at the
basin scale, the loca effects of increasing the space-time resolution are
significant. The better representation of the mistral/tramontane channelling and
acceleration in the zoom modifies the ocean response over the Western basin.
Some convective chimneys persist in the Gulf of Lions a few days later than
in the control experiment (Fig. 2). The diurna cycle limits in some extent the
surface seasonal warming/cooling, and modifies also the deep convection (Fig.
2); The intense and short-range peaks in the precipitation rate or in the wind
stress locally modify the ocean freshening and/or cooling. This results confirm
the conclusions already discussed using a 1D ocean model [4].
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Fig. 2. Evolution of the maximal mixed layer depth (MLD- meters) in the Gulf
of Lions area during winter of year 12, for the four experiments.
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Abstract

Long-term ADCP measurements were carried out between November 2007 and December 2008 aong the Croatian internal and
territorial waters. Preliminary results of monthly and seasona oscillations of the Eastern Adriatic Current are presented.

Keywords: Adriatic Sea, Currents, Circulation

Introduction

The Eastern Adriatic Current (EAC) is a branch of the general Adriatic cyclonic
circulation along the eastern part of the Adriatic Sea with predominant NW
direction. It iswell known that EAC varies seasonally, being strongest in winter
and weakest in summer [1]. In 2007 the scientific and research program —, The
Adriatic Sea Monitoring Program” was implemented. Part of this program
consisted on current measurements along the Croatian internal and territorial
waters, during a year long period. The measurements started in November 2007
and finished in December 2008. They represent a novel contribution to Croatian
physical oceanography, incorporating the greatest number of stations up to
date, aswell as providing the longest time-series available.

Materials and methods

During the first 6 months current measurements were performed at 20 current
meter stations: SO1 to S20 (Fig. 1), and in the next 6 months at other 20 current
meter stations: SO1 to S05, S08 to S14, S16, S18, S20 and S21 to S25 (not
shown in Fig. 1). For the first time a large number of long current time-series
(forty time series with six-months of measurements) was obtained
simultaneously by using ADCP current meters with a sampling interval of 15
minutes and 2 m vertical resolution. Basic statistical analysis of current flow and
spectral analysis of currents at all stations were applied. Monthly and seasonal
oscillations of the current field were obtained through calculation of the monthly
current vectors.

Results and discussion

The spectral analysis of currents showed that energy distribution, depending on
the frequency, differed at al stationsin both measurement periods. Thisleadsto
the conclusion that acting forces in individua sea areas occur with completely
different intensities. In the current spectra, gradient currents most frequently
have maximum energies, while wind and tidal oscillation energies are somewhat
weaker. Some other phenomena and processes, such as fundamental Adriatic
seiches and inertial oscillations [2], were also observed in the current spectra.
The analysis of measurements shows a general NW circulation (Fig. 1) along the
Croatian Adriatic coast — the well known Eastern Adriatic Current (EAC). The
resulting circulation may be explained as a modification of the long-periodic
gradient currents through the permanent influence of tidal oscillations and wind,
while seiches and inertial oscillations are transient. The maximum current speeds
were within arange of 55 to 80 cm/sin the surface layer, and from 20 to 30 cm/s
in the bottom layer (depending on the station’s depth). The absolute current
speed maximum of 102 cm/s was measured at station S03 near Rt Kamenjak
cape, which is very close to the extreme current speeds recorded in the Adriatic
Sea. Mean monthly current speeds were mostly between 5 and 15 cm/s, and
usually below 5 cm/s in the bottom layer. Very intense current oscillations were
recorded at the seasonal and monthly period at al stations. Generaly, that
circulation is stronger in the autumn and winter (cold seasons) than during the
spring and summer (warm seasons), but there are also exceptions to this general
rule. The strongest circulation was observed in February (Fig. 1), and the
weakest in August, which matches the present understanding of seasonal sea
current oscillations along the eastern Adriatic coast [1]. In February 2008, the
circulation matched with the aready well-known NW circulation along this
coast (Fig. 1). The dominant NW circulation was deformed in some sea areas by
the direction of the shore or channel. The circulation was barotropic, which is
typical for the winter season. The strongest surface circulation was recorded at
S03 (Rt Kamenjak cape) and S11 (open sea in front of the Sibenik archipelago),
where the mean monthly current vector was around 12.5 cm/s and the stability
factor around 70%. Bottom circulation was significantly weaker, mostly under 5
cm/s. It is important to stress that the circulation at SO1 and S02 was in an
opposite direction, so that it may be assumed that there was a cyclonic eddy in
the northernmost part of the Adriatic [3]. Generaly speaking, the weakest
circulation was recorded in August 2008, when the mean speeds of the surface
monthly current vectors were under 5 cm/s, and those at the bottom were under
2 cm/s. The circulation was baroclinic due to the presence of the strong
pycnocline. It appears that in August 2008 two eddies were present in the

northern Adriatic: a cyclonic eddy north of the Po-Rovinj joining line and an
anticyclonic eddy south of the same line, with the presence of the Istrian
Coastal Countercurrent (ICCC) south-west of Rovinj [3].
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Fig. 1. Monthly mean currents for February 2008 for the subsurface (gray) and
near-bottom (black) layer, in the northern Adriatic (top) and middle and south
Adriatic (bottom).
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Abstract

Measurements of the wind-generated surface waves along the eastern part of the Adriatic Seain coastal areas are rare; most earlier
measurements have been carried out in the open sea As a part of the scientific and research program— ,The Adriatic Sec
Monitoring Program*, long-term wave measurements were carried out between November 2007 and December 2008 at two stations:
in the open sea north area (V1) and in the channel area of the middie Adriatic (V2). Spectral characteristics of waves in extreme see

states are presented and compared.
Keywords: Adriatic Sea, Waves

Introduction

The process of formation and development of surface waves may be considered
as afunction of three basic variables: wind direction and speed, fetch over which
the wind blows and duration of wind of a particular direction. Occurrence of a
fully developed model of wind wavesisunusua in the Adriatic, which is a semi-
enclosed sea of limited fetches. However, instrumental measurements and visual
onboard observations of surface wave elements show that during strong gale
force winds of longer fetches (SE, W, SW and NE) wave models of respectable
dimensions may be developed in the Adriatic Sea. Absolute maximum of wave
height Hy2=10.8 m was measured in the north (V1) and extreme expected value
of Adriatic wave height is about 14 m[1].

Materials and methods

Wind generated surface waves were measured at V1 (9=44°44.5' N; 1=3°10.2'
E) in the open part of the north Adriatic and in the Bracki Channel area of the
middle Adriatic at V2 (9=43°29.3' N; 1=16°27.9'E; Fig.1).

Fig. 1. Location of waverider stations: V1 in the open part of the north Adriatic
and V2 in the Bracki channel.

This was undertaken in the time interval from 11.2007 to 12.2008, by using
Datawell waveriders with all its components. For the analysis and description
of extreme sea states maximum recorded wave height H5 and significant wave
height Hy/3 and associated wave spectrawill be presented.

Results and discussion

The measurement results show that much larger waves appear in the northern
Adriatic compared to the middle Adriatic channel area. This is attributed to a
significantly larger fetch of predominant winds in the north (Fig. 1). The
maximum wave height of 7.27 m, which corresponds to significant wave height
of 4.22 m, was measured a V1 on 10.12.2008. At V2, significantly smaller
vaues were measured, with a maximum wave height of 2.84 m (3.12.2007),
which corresponds to significant wave height of 0.92 m. The spectra
characteristics of extreme surface waves at V1 are very similar to the observed
wave spectra for the open sea [2, 3]. Fig. 2 shows the density spectrum of
energy of surface waves for strong and gale southessterly wind (Scirocco) in V1
on 10.12.2008 when the maximum measured wave height was 7.27 m. It is clear
that the maximum density spectrum of energy S(f)=42.52 m2/Hz corresponds to
wave period of 9.1 s, matching the significant wave height H1/3=3.75 m. The
figure also shows the evolution of the spectrum for the period of increase of
energy up to maximum (Fig. 2a) and for the period of decrease of energy (Fig.
2b). During the period of increasing wind speed, an increase of wave spectral
energy density and its maximum were observed. Simultaneously, the maximum
of the spectrum moves toward the lower frequencies. During decreasing wind
speed, S(f) decreased and the maximum in spectrum moved slightly toward the
lower frequencies. At V2, wave spectra evolution during strong Scirocco differs
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significantly from open sea (Figs. 2c, 2d). The difference is observed for the
period of decreasing wind speed and wave energy, when the maximum in
spectrum is shifted in time toward the higher frequencies (Fig. 2d). It can be
concluded that in enclosed seas of very small fetches (Bracki Channel), the
evolution of surface wave spectra in extreme wave conditions is considerably
different than in open sea area. The wave spectra evolution for the open
Adriatic is very well known [1], while for the channel area it is presented here
for the first time. The occurrence of extreme sea states in this channel areais not
possible, as confirmed by these results, athough this time-series of
measurement is not representative. Fetch is the major limiting factor in sea state
development in the channel area.
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Abstract

A comprehensive anaysis of hydrological, current-meter and meteorological data was performed in the northern Ligurian sea to
describe the coastal dynamic near the Portofino cape and its relation with the general cyclonic circulation during summer 2004.
Current-meter data was acquired in two coastal sites: the Portofino Cape and the marine area of Arenzano. The hydrological
parameters around the cape suggested the presence of two different water masses. The first, located in the lee of the cape, is
influenced by local effects, while the second, offshore the cape, is correlated to the genera circulation of the Ligurian Sea. The
prevalent southern direction of the current in Portofino indicates the presence of a local anticyclonic circulation, associated to the

presence of the cape.
Keywords: Currents, Hydrology, Ligurian Sea

A current analysis has been performed in two coastal locations of the Northern
Ligurian sea, situated respectively in the eastern and western side of the Gulf of
Genova: the Portofino Cape, characterized by a unusual squared-shape of the
coast, and the coastal area offshore Arenzano. A very narrow shelf with avery
steep slope is typical of the Portofino location, while Arenzano presents a
gently sloping bathymetry and afairly straight coast.

Between July and August 2004, current-meter measures were acquired in the lee
side of the cape on a bottom of 30 metres, using a new technology named
SEPTR [1] . A hydrological survey was also conducted in the same area in
August, using a CTD probe on 36 stations around the cape. In the maritime
coastal area of Arenzano an ADCP mooring was placed at 30 m of depth, on a
bottom of 50 m. Satellite wind data was acquired by QuikScat for the summer
2004, and compared with the local winds four stations along the Ligurian coast.
The aim of thiswork isto provide a coastal dynamics circulation scheme around
the Portofino cape, with particular attention to its interaction with the general
cyclonic circulation, and to describe the role of the meteorological and the
topographic forcings.
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Fig. 1. Five time series are presented: (top) wind stress in Genova (unit 102
Pa); (second and third) Arenzano currents at 15 m and 23 m respectively; (forth
and fifth) Portofino currents at 15 m and 23 m respectively (units: cm/s).

The direct current measures on the lee side of the cape suggest a local re-
circulation with a prevalent southern current direction amost perpendicular to
the coast. On the other hand the main loca current direction in Arenzano is
south-west, following the isobaths of the continental shelf [2]. The comparison
between Arenzano and Portofino currents shows the maximum correlation of
0.53 for a time lag about 9-10 hours: the Portofino current anticipates the
Arenzano one. The ADCP data shows shorter time scale phenomena (few days)
in both locations, mainly forced by meteorological events. The study of the
baroclinic component of the Portofino currents indicates an important role
played by both the wind and the bottom stress. A preliminary meteorological
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analysis suggests to consider the wind at Genova location, which is prevalently
directed towards north-west, with the main intensity-current picks well
correlated to all the other wind locations. Comparing the low-frequency current
fluctuations of Portofino (15-24 metres deep), of Arenzano (15-23 metres deep)
and the Genova wind stress, it is possible to reveal a common time variability
between July and August 2004 (Figure 1). The singular topography of the
Portofino Cape plays a significant role in the response of the coastal waters to
wind forcing and to the general circulation of the Ligurian Sea, determining a
small-scale, anti-cyclonic eddy on the western side of the Portofino Cape,
according to previous numerical study [3].
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Abstract

The complex thermohaline structure observed in the Western Mediterranean after the severe winter of 2004-05 is still present in the
summer of 2009 at the Balearic Islands. The processes that caused the anomaly are now well identified, as well as the different newly
formed water masses. The evolution of the anomaly during the period involves a progressive homogenization of the deep waters
masking the layered structure. The final product is awarmer and saltier water type that apparently has incorporated deep waters
formed in subseguent winters but not from other intense cascading episodes. On the other hand, Levantine Intermediate waters
observed at the north of the Balearic Channels does not present robust trends since mid-90's.

Keywords: Western Mediterranean, Balear Sea, Deep Waters

The Mediterranean Sea has been immersed in a process of warming and salt-
increase at least since the mid 20t century. Anthropogenic global warming and
damming of the major rivers have been postulated as the causes of the process.
The severe winter of 2004-05 caused the highest heat-loss at the area of deep
water formation in the western Mediterranean, triggering the production of
immense amounts of cold dense waters that quickly spread along the whole
basin creating a complex structure [1]. The new structure was satisfactorily
explained as a combination of cascading of very cold and quite fresh waters
along the shelf-slope plus the production of saline and warm deep waters at the
open ocean.

The trace of the anomaly is clearly visible as a sting-like signature on the TS
diagram (Fig 1). Three source waters contribute to it, the coldest mode
correspondsto the cascading and the high-sdine warm modeof the curve
corresponds to the open ocean convection. Both lay below the older deep
waters at the end of the straight TS line [2]. The detailed monitoring has shown
that the anomaly is extended along the whole basin [3] and persists up to now.
The characteristics have evolved towards an homogenization of the layered
structure ending with a DW modal water much warmer and saltier than before,
with a little contribution of extra cascading waters and intermittent
incorporation of open water convection waters, as in winter 2006.

On the other hand, Levantine Intermediate Water properties have been
monitored since 1996 at the north of the Balearic Channels. This water mass
shows strong interannual variability but not a clear trend during that period,
therefore it is not apparently a strong effect caused by the Eastern
Mediterranean Transient, at this location.
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Abstract

The principal components of the wind measured in front of the Venice lagoon are related to the variability of the residual flow in the
inlets connecting the lagoon with the Adriatic sea. Lido and Chioggia inlets have an exponentia response to the Principal component
of the wind (PC1); while the second component (PC2) affects only the Chioggia inlet in a linear way. Thus, during Bora events
(detected mainly in PC1 series), the inflow through Lido channel is reinforced as well as the outflowing in Chioggia. On the other
hand, Sirocco events (detected in the PC2 series) slow down the outflowing in Chioggia.

Keywords: Adriatic Sea, Currents, Time Series, Wind/Font

Introduction.

Current velocities are monitored in the three inlets, i.e., Lido, Malamocco and
Chioggia, connecting the Venice lagoon with the Adriatic Sea. They are relatively
narrow and shallow thus making the flow highly polarized along the channel axis,
and barotropic. Therefore, analyses carried out on the vertical averages of along-
channel components (obtained via Principal Component analysis) can be
considered fairly accurate. It is well documented [1] that the astronomic tides
account for most of the energy of the current flow, so that more than 90% of the
energy can be removed via Harmonic Analysis. Still, an important portion of
energy coming from the open sea and atmospheric forcing is evident in the non-
tidal component. A quantification of the wind effect on the current velocities is
attempted by removing the energy of seiche oscillations and decomposing the
wind into its principal components.

Adriatic Seiches and Wind Decomposition

A translation-invariant Wavelet transform was applied to the de-tided vertically-
averaged current series in order to decompose the variance on a scale-by-scale
basis. It was found that the main portion of energy was in the scales containing
the main Adriatic seiche modes of 11 and 22 hours. An additional free oscillation
with periodicity of 4.87 hours was aso detected. Seiche signals were removed
by fitting the corresponding wavelet scales to the de-tided time series. The 88%
of non tidal variability in Lido, 92% in Maamocco and 85% in Chioggia were
thus removed, leaving the residual time series ready for comparison with the
wind vector time series.

Winds were decomposed by Principal Component Analysis. The main axis of
variance (PC1) is aligned with the strongest wind in the area, i.e., Bora; while the
second component (PC2) is aligned mostly with the Sirocco direction of
blowing. Since the principal components are independent up to 2nd order
statistics [2], correlations were computed separately between the wind
components and the residual currents time series.
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Chioggia (upper side) to PC1 wind velocity classes. Dashed lines show the
model fitted to the data. The negative region in PC1 is where actual Bora events
are detected. Positive currents mean outflowing from the lagoon.
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Results

Overdl linear correlation between residual currents is low, on the order of 0,4 in
magnitude; but they increase until 0,7 in absolute values during specific events of
Bora and Sirocco blowing. The connection is specifically stronger between PC1
and Lido aswell as PC1 and Chioggia, but in opposite sense: a Bora event would
lead to a stronger inflow of water through the northern Lido channel but
reinforcing the out flowing through Chioggia channel in the southern part of the
lagoon, with Malamocco showing no significant response at al. Chioggia inlet
flow shows &l so a response to PC2 winds, especially during Sirocco event which
slows down the residual out flowing in the inlet. A partition of wind
components were done, defining a calm state between -3m/s and 3m/s. Other
partition limits being +/-5m/s, +/-10m/s, +/-15m/s and +/-20 m/s. Thus, the
effect of PC1 is studied while forcing a cam state on PC2; conversely, PC1 is
conditioned to the calm state to study the PC2 effects. It has been found that the
flow of Lido and Chioggia inlets has an exponential response to the PC1 wind
velocity classes with exponential rates of b =-0,1 following the model Y =
A.exp(b.PC1) where A is-0,021 for Lido and 0,033 for Chioggia (Fig. 1).
Likewise, the response of Chioggia to PC2 wind velocity classes has a linear
fashion Y = aPC2 + b with a =-0,0036 and b = 0,03844 (Fig. 2). The explained
variance is over 96% in each case.
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Abstract

A 2D ocean numerical model covering the Mediterranean Sea and the NE Atlantic sector has been forced by atmospheric pressure
and wind fields generated by dynamica downscaling over the European region that follow three climate change scenarios (A2, A1B
and B1). The variability of the obtained atmospherically-induced sea level has been compared among scenarios and with a re-analysis
of the period 1960-2000 carried out with the same numerical model. The analysis presented here focuses on the changes in the

decadal variability of mean sealevel and in sealevel extremes projected for the 215t century

Keywords: Air-Sea Interactions, Sea Level

Sealevel is an important parameter for coastal habitats and infrastructures and
has been recognized as a key indicator of global climate change. During the last
years there has been a growing interest among the scientific community in
understanding sea level changes, given the impact that sea level rise may have
in coastal and highly populated areas. Global sea level rise during the 20
century has been estimated in 1.8 mm/yr [1], while in the Mediterranean
coastal sea level derived from the longest tide gauges indicates a rate of sea
level rise of 1.1-1.3 mm/yr [2]. In a world with a higher mean sea level, high
waters caused by storm surges will have increasing hazardous impacts on
coastal areas. However, while projections of climate models mostly agree and
predict a continuous increase in mean sea level in many parts of the globe
during the 218t century, no consensus has been reached in respect to the
changes in storminess [1]. This work aims at obtaining regiona projections of
storm surges in the Mediterranean Sea and the adjacent NE Atlantic area for
the 218 century under different climate change scenarios on the basis of
regional atmospheric and oceanic numerical models. Extreme sea level events
are commonly driven by the combination of tidal elevation and storm surges.
However, the non-linear interaction between tides and surges in the
Mediterranean is negligible and can thus be ignored [3] Therefore we will
concern ourselves only with the storm surges component. High frequency (6h)
atmospheric pressure and wind fields are obtained as the output of a global
atmospheric model with variable-resolution (50 km over the Mediterranean
[4]). The atmospheric model is run for the period 2000-2100 forced by
greenhouse gases (GHG) and aerosols concentrations following the A2, A1B
and B1 SRES scenarios. Two more runs have been carried out for the period
1960-2000. One was forced by observed GHG and aerosols concentrations
(the contral run). The second is a dynamical downscaling of ERA-40 re-
analysis fields. The atmospheric fields are used to force the oceanic barotropic
model HAMSOM over the area 30°N to 47°N and 12°W to 35°E, which covers
the Mediterranean Sea and the NE Atlantic adjacent sector with a spatia
resolution of 1/4%1/6°. Mean values and decada variability of
atmospherically-induced sea level will be examined and compared between the
different runs for the 215t century and with the results obtained for the 20t
century. The hourly outputs will be used to explore the changes in the
magnitude and frequency of extreme sea level events under climate change
scenarios.
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Abstract

The multi-decadal variability of the Mediterranean Sea Surface Temperature (SST) field is analyzed using different datasets. The
analysis of the Mediterranean SST revealed the presence of an evident oscillation of about 70 years. The same oscillation was found
only in the North Atlantic Ocean and corresponds to Atlantic Multidecadal Oscillation (AMO). Singular Spectral Analysis and MTM
applied to Mediterranean and Atlantic quantitatively confirmed the importance of this oscillation. The analysis of the correlation
between SST and NAOI (North Atlantic Oscillation Index) suggests the importance of the external atmospheric forcing for most of

the last 150 years.
Keywords: Temperature, Surface Waters, Open Sea, Global Change

Data and Methods

In this work we used the Extended Reconstructed SST (ERSST.v3) dataset
(1854-present, monthly, 2 deg spatial resolution) [1] and the Hadley Centre
Sea Ice and Sea Surface Temperature (HadlSST) dataset (1870-present,
monthly, 1 deg spatial resolution) [2] and we analyzed the consistency
between the two datasets. At global level, when yearly averages are
considered, seasonal or spatial discrepancies between ERSST.v3 and Hadl SST
tend to compensate and the two datasets exhibit similar behaviors. The
relatively high abundance of data in the Mediterranean Sea, allow us to
produce a new estimate (MArtaS)of the mean monthly sea surface
temperature of the Mediterranean Sea using only ICOADS (International
Comprehensive Ocean-Atmosphere Data Set) SSTs. MArtaS (Marullo-
ARTAle-Santoleri) is based on a simple space average of the available
monthly dataintroducing a correction factor F that takes into account the
presence of data voids for each specific month of the year. In spite of its
crudeness MArtaS, that is not based on interpolated data, follow quite closely
the other two series with differences that rarely exceed 0.1°C. The agreement
between the two interpolated SST series (ERSST.v3, HadlSST) and the non
interpolated one (MArtaS) suggests that dumping or other possible
distortions due to the interpolation are not dominant in the Mediterranean
basin when yearly averages are used. On the contrary, when monthly means
are used, the difference between two interpolated data sets became larger
exhibiting amarked annual cycle with an amplitude of about 0.8 °C.

Spectral Analysis, Correlationsand NAOI

In order to obtain the signal to noise separation we computed the eigenvalues
spectrum of the SST time series using Singular Spectral Analysis (SSA). The
first two leading EOFs, that explain about 40% of the total variance and
capture the low frequency variability of the SST, have approximately the
same amplitude (considering the range of error bars) and are in quadrature.
This fact could be interpreted as the occurrence of a ghost limit cycle related
to a physical oscillation of the dynamical system that has generated the SST
time series [3]. The low frequency variability of the Mediterranean was also
investigated applying the Multi Taper Method (MTM) to the de-trended
yearly SST. The Multitaper method is a technique developed by D.J.
Thomson [4] to estimate the power spectrum of a stationary ergodic finite-
variance random process. This method provides useful tools for the spectral
estimation of arelatively short time series whose spectrum may contain both
broadband and line components. The F-test criterion for harmonic signals
yields 6 peaks at the 99% confidence level and 10 peaks at the 95%
confidence level that can eventually be associated to some harmonic, phase-
coherent oscillation. Peaks at 73, 6.3, and 2.8 years exceed the 99% confidence
level in the harmonic test and correspond to significant spectral bands in the
power spectrum. The higher frequency peaks are very close to the preferred
scale of variability of the ENSO's quasi-biennial and low-frequency modes
while the lower frequency one is very similar to the AMO (Atlantic
Multidecadal Oscillation). Similar peaks are aso observed in the North
Atlantic ocean. The evidence that both North Atlantic ocean and
Mediterranean Sea exhibit the same multi-decadal climate cycle suggests the
occurrence of a common external forcing, likely of atmospheric origin,
probably coupled with some internal oscillation[5]. Correlation analysis
between NAOI [6] and SST in the Mediterranean and Atlantic Ocean reveals
that NAOI is significantly (90%) negetively correlated with SST only in the
Eastern Mediterranean Sea (only during Winter), and in the two centers of the
NAOI (during the four seasons): The tropical Atlantic and the sub-polar gyre
area
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Abstract

Physical and bio-chemical characteristics of the upper water column in the vicinity of the Vercelli Seamount were studied from the
23" to the 30t of May 2009 using a Slocum shallow battery-powered glider. In addition to mesoscale and sub-mesoscale structures
crossed by the glider, the near-surface water properties changed abruptly on the 27th of May under the influence of a cold near-
surface plume originating from the Strait of Bonifacio and triggered by Mistral winds.

Keywords: Tyrrhenian Se, Surface Waters

Introduction

The “Tyrrhenian Seamounts Ecosystems: an Integrated Study” (TySEc)
experiment took place in the Tyrrhenian Sea in late Spring 2009 with the aim of
studying the geomorphologic characteristics and the hydrodynamics of the area
over and around a seamount. Seamounts are sites of high productivity with
coexisting biocenosis in a relative limited space, moreover they represent
‘stopping stations' in the benthonic dispersion processes. Their importance on
the ecology of the marine environment and of their high level of vulnerability to
the global climate change represents an interesting subject in different
international projects.

As part of the TySEc experiment, the "Trieste-1" glider was operated in an area
of roughly 750 km? over the Vercelli Seamount (Figure 1) for a period of about 8
days (from the 23rd to the 31st of May). The seamount is located in the
northern Tyrrhenian Sea, (41°05' N / 10°53' E), and its summit reaches 55 m
below the sea surface. The glider was configured to provide oceanographic data
during the ascending phase of the saw-tooth path, every 0.75 km. During the
entire campaign 300 profiles between 4 and 180 m depth were acquired,
providing temperature, salinity, oxygen, fluorescence, and turbidity data.
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Fig. 1. Details of the glider track overlaid on the bathymetry showing the
Vercelli Seamount.

Results

A shallow (5-10 m deep) mixed-layer with maximum temperature of 23°C was
present until the 27t of May, when the temperature at the surface abruptly
decreased to 21°C and the mixed layer deepened to over 15 m (Figure 2).
Satellite sea surface temperature images and sea level anomaly maps reveal that
this change corresponds to the expansion/intrusion of a relatively cold near-
surface plume originating from the Strait of Bonifacio (between Corsica and
Sardinia). Due to sustained Mistral winds, there is an increase of the double gyre
structure associated with the plume. In particular, the southern anticyclonic
gyre strengthen on the 27t of May, advecting cold water which reaches the
study area.
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Fig. 2. Contour plot of the temperature (°C) along the glider track between 4 and
20m.

The salinity which was essentially minimal (around 37.7) near the surface before
the 27t of May, increases to 38.0-38.1 in the surface mixed layer, while alayer
with minimum salinity develops near the base of the mixed layer (10-20 m).
Contemporarily the dissolved oxygen maximum deepens from the surface to the
base of the mixed layer (10-20 m). In addition to the above evolution of the
water mass properties, high frequency (with periods of 0.5 day or less)
variations are ubiquitous and are mostly apparent near the base of the mixed
layer. They correspond to mesoscale and sub-mesoscale structures crossed by
the glider and to tidal/internal waves. Below the mixed layer, the salinity and
oxygen distributions show correlated structures (high salinity corresponding to
low oxygen) all the way down to 180 m. A sub-surface maximum in chlorophyll
concentration and turbidity is also seen between 60 and 80 m. Apparently the
Vercelli Seamount has little effect on the water properties measured by the
glider.

The “Trieste-1" glider is involved in the DORII project (Development of
Remote Instrumentation Infrastructure) whose objective is the integration of
observations and model simulations in the Grid. DORII e-Infrastructure is based
on the concept of instrument element, that virtualized an instrument within the
Grid. More generally, a computational Grid is a hardware and software
infrastructure that provides dependable, consistent, pervasive, and inexpensive
access to high-end computational capabilities[1].
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Abstract

Advanced remote sensing techniques and agorithms are combined to produce and analyse an improved 12-year multi-sensor time
series of bio-optica properties for the Adriatic Sea. First, a multi-sensor series of normalized water-leaving radiance is created with an
optically-based merging technique applied to SeaWiFS and MODIS data. Then, two empirical agorithms, embedded in a dynamic
algorithm selection scheme, serve to compute the concentration of chlorophyll a (Chla), and distributions of inherent optical properties

are obtained with a semi-analytical bio-optical model.

Keywords: Adriatic Sea, Ocean Colours, Remote Sensing, Chlorophyll-a

Introduction

The potential of satellite ocean colour for monitoring and studying marine
ecosystems could be better exploited in coastal and marginal seas if the
uncertainties associated with satellite products could be reduced. Moreover,
the creation of a long-term satellite data record needs to address the
combination of satellite products derived from different space missions. This
work aims at generating and presenting a time series of improved quality-
assessed bio-optical products for the Adriatic Sea using advanced remote
sensing techniques and specific agorithms.

Satellite Data Merging

Building on previous work [1, 2], an optically-based technique is proposed to
merge Lyyy from SeaWiFS and MODIS by averaging sensor-specific values
after wavelength differences are corrected by a band-shift correction scheme.
The resulting 12-year series of Lyyy Serves to generate derived products of
optically signifiant constituents. Field measurements collected at the Acqua
Alta Oceanographic Tower (AAOT) located in the North Adriatic [3] provide
a unique data set for vaidation of the merged Lyyy. Uncertainty estimates
decrease from 28% at 412 nm to 10% between 490 and 555 nm.

Development of Derived Products

A single empirical agorithm for calculating Chlais unlikely to produce a data
set with a consistent level of uncertainty across the optical diversity of the
Adriatic basin. The approach adopted here, based on the novelty detection
technique [4], is to distinguish two dominant water types, representing
offshore waters (Class 1) and coastal regions (Class 2), and dynamically blend
the outputs from the associated algorithms [5, 6] according to the probability
of the input Ly of belonging to a specific optical class. The optical classes
are defined by bio-optical datasets made of globally-distributed measurements
representative of offshore clear waters and the data collected at AAOT. The
Chladataset is completed by inherent optical properties obtained with a semi-
analytical algorithm [7]. Uncertainties for these optically significant
constituents are estimated with field data collected at the AAOT site. For
instance, the RMS difference computed for log-transformed Chla amounts to
0.15.

Applications

A 12-year budget shows that 66% and 8% of the basin are classified as Class
1 and 2, respectively. Most of the points that are left un-classified have
optical properties located along the gradient (in optica space) between
Classes 1 and 2. The areas classified as Class 2 are mostly located in the
northwest Adriatic and along the Itaian coast. Average values for north,
central, and south Adriatic are, respectively, 0.58, 0.21 and 0.18 mg m3 for
Chla, 0.023, 0.013 and 0.012 m'! for phytoplankton absorption at 443 nm,
0.074, 0.040 and 0.035 m'! for absorption due to chromophoric dissolved
organic matter and non-pigmented particles at 443 nm, and 0.0054, 0.0029 and
0.0026 ml for particle backscattering at 555 nm. Finally, the temporal
variability of the time series is anaysed with statistical techniques
distinguishing seasonal and trend components [8]. A significant amount of
interannual  variations are found, particularly in the North
and Central Adriatic, with Chla values that tend to be higher at the beginning
of the data record.

Conclusion

The Adriatic basin displays a significant diversity in optical water types, and
has thus served as a testbed for new approaches. Combining these led to the
definition of a multi-sensor 12-year record for opticaly significant
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constituents, particularly a much-improved time series of Chla. The
applicability of this framework to other European seas depends on several
factors, including the optical properties associated with the considered region,
and the in situ data available to statistically model these properties, and the
uncertainties associated with the primary ocean colour product that is Lyyy-
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Abstract

The trajectories of 38 Argo floats, deployed in the Mediterranean Sea between October 2003 and September 2009, are used to create
a dataset of velocities at 350 m and to study the subsurface circulation in regions with good data coverage. The float subsurface
velocities and the pseudo-Eulerian statistics computed from them show typical circulation pathways, which can be related to the

motion of the Levantine Intermediate Water.
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Among dl the floats deployed in the Mediterranean Sea, we have selected 38
instruments according to their cycle characteristics. They were deployed as part
of the MFSTEP project in 2003 and are referred to as MedArgo floats. Each
float descents from the surface to a programmed parking depth of 350 m, where
it remains for about 4 days before reaching the profile depth, that is generally
700 m but extends to 2000 m every ten cycles. At the end of each cycle the float
remains for about 6 hours at the sea surface, where it is localised by, and
transmit the data to, the Argos satellite system [1].

The Argos positions were used to determine the subsurface currents through
three different steps: the first provides rough estimates of subsurface velocities
(Valg) [2]; the second produces the best surface displacement [3]; the third
provides the subsurface displacement (V 350) that involves the use of the average
vertical speed of the float and an approximation of current shear in the upper
water column [4]. From the comparison between Vg4 and V35 and the results
of the statistical analysis computed on V35q, we select only the best estimates
of velocities (variance explained/total variance > 0.8) to produce the final dataset
V3508 (Fig.1) [4].

The V350°™ velocities reach the maximum values of ~ 33 cm/s east of the
Balearic Islands and in the lerapetra Eddy; high speeds (larger then 20 cm/s) are
aso found in the north and central regions of the Liguro-Provencal-Catalan basin
and in some eddies of the Eastern basin, whereas the Liguro-Provencal, Algerian
and Libyan-Egyptian Currents are characterised by maximum speeds of 15 cm/s.

The pseudo-Eulerian statistics, computed with V35Oend, show typical
circulation pathways related to Mediterranean subsurface currents and to the
motion of the Levantine Intermediate Water. In the Western Mediterranean
basin, the velocity field reveas the characteristic cyclonic paths in the
Tyrrhenian, Liguro-Provencal and Algerian sub-basins, as well as the Algerian
and Liguro-Provencal-Catalan currents, where it reaches the maximum intensities
(12-14 cm/s). In the southern lonian Sea, the float velocities show a dominant
anticyclonic circulation between 32°-36° N and 16°-20.5° E, in which the
southern limb corresponds to a north-westward flow located on the African
continental slope. The rest of Eastern Basin is dominated by mesoscale and sub-
basin scale circulation eddies, with maximum values of mean velocity (~ 12
cm/s) located south of Crete (Ierapetra eddy) and south of Cyprus. All over the
Mediterranean Seathe EKE has strong gradients compared to MKE.

In the regions with significant bathymetry gradients, that is mostly along the
continental shelf slope, subsurface currents are driven by topography and the
along-isobath components of velocity have values larger then the across-isobath
components. Speeds have mean values of ~5 cm/s and reach 20-27 cm/s east of
the Baearic Islands, in the Cretan Passage and in the southern entrance of
Tyrrhenian Sea.
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Fig. 1. Subsurface raw trajectories of the MedArgo floats between October 2003
and September 2009.
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Abstract

High frequency sea level observations at four coastal sites are used to examine the external forcing causing significant seiches
(meteotsunamis) in certain harbours at the Balearic Islands. Forcing characteristics estimated for different events are different, while
for the same events are similar, even for sites located far away from each other. Spectacular similarities are found for two specific

sites, Ciutadella (Menorca Island) and Cala Ratjada (Mallorca Island).

Keywords: Mesoscale Phenomena, Coastal Engineering

High frequency sea level oscillations in bays and harbours, known as seiches,
may reach significant amplitudes depending on the external forcing in the open
sea and the local topographic response. When resonance occurs, the
phenomenon may pose important risks to the infrastructures as well as to the
commercia or fishing activities and sometimes even threatening to human lives.
When the external forcing responsible of such amplification consists of long
waves generated by an atmospheric origin they are referred to as meteotsunamis.
Meteotsunamis are similar to ordinary tsunami waves and can produce similar
damages at the coast, although the catastrophic effects related to this type of
waves are normally observed only in specific bays and inlets. One of the places
where meteotsunamis with the largest sea level amplitudes are reported is
Ciutadella Harbour, a natural elongated and shallow inlet located in the western
coast of Menorcalsland (NW Mediterranean, see Figure 1).
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Fig. 1. Map of the area and location of the stations.

The phenomenon is locally known as “rissaga’ and occurs every year mostly in
late spring and summer. Ciutadella seiche has a period of approximately 10.5
minutes and typical background amplitude of few centimetres. Typical rissaga
events have amplitude of around 1 m, but they may reach up to 4-5 m through
to crest in an average water depth of 5 m in singular episodes. In this paper we
analyze a recent set of sea level measurements recorded around de Balearic
Islands (Mallorca and Menorca) to characterize large amplitude seiche
oscillations at four tide gauge locations (Figure 1). The effects of the loca
topography and bathymetry are isolated at each site by computing the
background spectral content of the sea level oscillations in absence of forcing,
that is, for time periods with very smal amplitudes inside the inlets.
Background spectra strongly vary from one site to another but are
approximately independent of time. Then, the average of severa background

episodes may be considered as a good proxy for the local resonant response of
the given site. The frequency response of the forcing for each episode has been
computed as the spectral ratio of the energy content of a seiche event and the
background spectra [1]. The more constant is the background spectra for a tide
gauge site, the more liable and accurate is the characterization of the externa
forcing. For al the episodes, the energy content for the external forcing is
concentrated in periods between 5 and 50 min at the four sites. Different
forcings are found among sites and events, the latter due not only to the
amplitude of the incoming waves but also to the inlet orientation and other
parameters. It is found that external sealevel forcing a CIU and CRA are very
similar, athough the responses of both inlets differ significantly. The forcing is
amost the same for signals with frequencies lower than 30 minL. For higher
frequencies, changes in the travelling atmospheric pressure from Mallorca to
Menorca seem to play a major role in the generated sea level oscillations and the
obtained sea level forcing is somewhat less coherent, athough the magnitude of
the energy content is always comparable between the two sites.
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Fig. 2. One example of the spectral ratios (“ source functions’) of daily spectra
for the rissaga event of 21-24 June 2007. Black lineis the average of the spectral
ratio at ClIU and CRA.

Therefore, sea level oscillations in CRA could be used as an indication of an
incoming rissaga event in ClU and should be used as part of an eventua rissaga
warning system designed to mitigate the possible damages inside CIU harbour,
maybe as pat of the Mediterranean Tsunami  Warning System
ICG/INEAMTWS.
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Abstract

Several cruises were performed in the middle Adriatic coasta area (KaStela Bay) in late spring and early fall 2009 with an
hyperspectral sensor and an in-situ optical profiler, accompanied with other oceanographic measurements and measurements of in-situ
pigments. Spectral surface signatures revealed a difference between the two optical methods.

Keywords: Adriatic Sea, Ocean Colours, Pigments

Two kinds of optica measurements were performed at 8 stations in the
Croatian Adriatic coast (Figure 1) during three cruises in May and October
2009. Multispectral in-situ irradiances and radiances were measured with a
Biospherical optical profiler PRR800 at 14 wavebands (340; 380; 412; 443; 465;
490; 510; 532; 555; 589; 625; 665; 683 and 710nm).

A hyperspectral sensor (ASD FieldSpec® 3 VNIR spectrometer) measured
every 3 um within the range 350-1050nm and was used from the ship, at about
two meters above the water surface. A SeaBird CTD profiler measured
temperature, salinity and transmission. The measurements were accompanied
with the analysis of pigments.
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Fig. 1. Location of Kastela Bay and stations in the eastern Adriatic

During two measurements qualitative and quantitative analyses of 17 different
pigments were determined using a reverse-phase HPLC (High Performance
Liquid Chromatography) method [1] from water samples filtered through
Whatman GF/F filters and frozen until analyzed at -80° C.

The vertical structure of the water column during the cruises was stratified on
26-27 May, with thermocline developed to 7m. In mid October, the thermal
structure was homogenous with 20°C temperature reaching the deepest part of
the bay (35m). The environment was rather turbid during both measuring
periods with transparencies between 11-12m in May and 6-10m in
October.

After calculating optically weighted pigments for the surface layer, the spectral
absorption curves were reproduced for the main pigments groups. Absorption
spectra were digitized and with the use of spectral absorption data available in
the literature [2], were normalized to pigment content to yield estimates of
specific absorption curves, which were compared to calculated attenuation
coefficients and reflectances.

Different in-situ pigment groups have had lesser influence to overall spectral
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reflectance curves because of the presence of dominant Chlorophyll type
pigments.

Spectral reflectance curves have shown typically one peak in the visible
spectrum between 490nm and 555nm, but at some stations, they were
sometimes different for the two methods. However, examining the first
differences, typically in both methods a distinct peak appeared between 555nm
and 589nm (Figure 2). Higher order differences revealed some identical peaks,
pointing to the similarity between the two methods.
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Fig. 2. Reflectances and first differences at some stations in the Kastela Bay
form optical profiler (full line) and from hyperspectral scanner (dashed line).

Additional analyses have explained to some extent the initial differences
between reflectance spectra.

Vertical structures of optically active substances have had higher impact to
profiler measurements, while the differences to the measurements from the air
could have been caused by the higher sensitivity of the latter to particular
conditions at the sea surface. In spite of the difficulties in distinguishing the
water column impact and the bottom reflectance in the shallow region, the
analysis has shown the potential for mapping of different coastal water types
with both methods.
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Abstract

The MEDUZA cruises in the south Adriatic Sea have acquired a number of oceanographic data in the deep South Adriatic Pit in
summer 2003. Temperature, salinity and dissolved oxygen concentrations, together with transmission, pigments and optical parameters,
were measured by two multiprobes in 6-h intervals during several days. Strong quasi-diurna fluctuations of isothermal depths were
observed, being in phase with local sealevel, thus indicating internal waves as important phenomenon during this cruise.

Keywords: Adriatic Sea, Temperature, Circulation Models, Stratification

Although the general oceanography of the South Adriatic Pit iswell studied in
the past, the lack of high-resolution measurements prevented the
investigations of a variety of processes that occur on the hourly timescales.
Measurements in the frame of MEDUZA experiment tried to overpass that
problem, at least over alocal scale, as alarge amount of data has been acquired
at a single station (Figure 1) in short time intervals (approximately every 6
hours) between 23 and 28 July 2003. The deep sea CTD (ldronaut)
multiprobe sampled the whole water column (1200m) once a day, while other
measurements were performed with SBE25 multiprobe, reaching a maximum
depth of 300m.
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Fig. 1. Location of measurement station in the South Adriatic Pit

The cruise started with calm and clear weather, but at the fourth day strong SE
wind and high waves prevented measurements for 36 hours, after which the
fair conditions continued. Summer conditions in July 2003 were extremely
warm and dry [1] with anomalously high ar temperatures and low
precipitation and runoff discharges. Surface sea temperatures were
exceptionally high, reaching 27°C. Salinity was generally high in the whole
water column. Thermocline was strongly developed at several tens of meters
as expected. Below the thermocline, isothermal layers fluctuated unexpectedly
strongly (10 m or even more) between the measurements (Figure 2).

As lower sdinity waters have resided above the thermocline, the pycnocline
was strengthened by the haline effect. The fluctuations of the pycnocline have
a clear resemblance to the interna waves. The type of internal waves is hard
to obtain as the measurements were too short, sparely for capturing such
waves. However, the sea level fluctuations observed at the Bari and
Dubrovnik tide gauges were in phase with the fluctuations. Also, high vertical
oscillations in thermal structure were observed especially in deep layers (up to
120 m), pointing to the internal tides as a process that generated the
oscillations.
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The observed fluctuations were strong in the deep layers and attenuated
towards the surface. Previously, strong isopycnal oscillations on diurnal and
semi-diurnal periods has been found along the South Adriatic Pit northwest
perimeter [2], being resonantly amplified by the topography [3]. However,
the diurnal oscillations are found to be excited by the diurna oscillations of see
breeze winds during some of strong pycnocline oscillations [3], found to be as
much as important as the tidal force. Therefore, both forces should be included
in assessing the origin of the oscillations found in the deep South Adriatic Pit
through targeted numerical modelling studies.
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Fig. 2. Vertical oscillation of isotherms

These vertical fluctuations in the water column impacted a variety of
properties from temperature and light transmission to chlorophyll maximum.
Changesin optical parameters are known to be caused by depth rearrangement
of phytoplankton throughout the day, but the physical processes may be
quite important as well. This also applies to the observed daily vertical
migration of zooplankton species found to be also remarkable [4], some of
these presumably related to physical processes too.
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Abstract

A preliminary assessment of the Tyrrhenian Sea surface circulation of summer 2009 is given, based on the results of an operationa
ocean model, recently developed at ENEA. The numerical simulations reveal a complex circulation structure in the eastern part of the
basin, that organizes around several well-defined quasi-permanent gyres. Comparison with altimeter data shows that these gyres are

robust features of the summer circulation.
Keywords: Tyrrhenian Se, Models

Introduction

The Tyrrhenian Sea (TS), the main Italian sea, is a deep basin, with complex
bathymetry, whose circulation is not yet fully understood. Although local
wind forcing certainly plays an important role, the basin dynamics is aso
affected by the exchanges occurring at the three openings (Sardinia and Sicily
Straits, Corsica Channel). In this work, we focus, in particular, on the role of
the inflow of Atlantic water (AW) on the surface circulation of the basin. The
main tool used is a high-resolution (1/48°, 40 sigma levels) operational model
of the TS circulation, developed in the context of the PRIMI Project. This
model takes initial and boundary data from MFS [1], and is forced by surface
fluxes obtained from ECMWF data.

Results

Figure 1 shows the average 2009 summer surface (at 75 m depth) velocity
field resulting from the analyses produced by the operational system, where
some well-defined cyclonic and anticyclonic structures have been numbered
from 1 to 6. Together with some established patterns, such as the Bonifacio
cyclone-antyciclone system, the figure shows some interesting aspects of the
circulation that have apparently not been stressed in previous descriptions.
The first is the fact that the northward stream of AW entering the basin
(known from previous numerical studies, e.g., [2]) bifurcates at about 41° N,
with a branch recirculating southward around a very wide cyclonic region (6),
and another one circling around the Bonifacio gyre and finally leaving the basin
through the Corsica Strait. Contrary to previous descriptions (see, e.g., the
classical works[3]), thereis no northward AW flow aong the Italian coast.

To the east of 6, there is a wide anticyclonic cell that occupies the whole
eastern part of the TS, meandering around several well-defined eddies, the
cyclone-anticyclone couples 1-2 and 4-5, and the anticyclonic area 3. These
structures are present, with some variability, over the whole season. Although
recent work suggests a complicated dynamics in the area, this is the first time
that such a detailed structure of the circulation has been highlighted. We aso
note that the anticyclonic structure 1 may be related to the gyres recently
described in [4].

Latitude

14

12
Longitude

Fig. 1. Velocity field a 75 m produced by the operational model (2009
summer average)
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The circulation in the eastern TS is probably mostly determined by the
interaction between the local wind stress (that is typically anticyclonic in
summer) and the complex topography. However, the fact that the western
boundary of the anticyclonic cell is adjacent to the northward AW stream that
flows through the central part of the basin suggests that this stream may also
contribute to the eastern circulation, and to the associated vortical structures,
through exchanges of momentum and vorticity.

It is natural to wonder whether the structures simulated by the model during
2009 are robust features of the summer circulation. To give a first answer to
this question, we have analysed the SALTO-DUACS altimeter data provided
by AVISO (http://www.aviso.oceanobs.com/duacs/), and we show in Figure 2
the summer average of the absolute dynamic topography over the whole
period 1993-2008. The comparison seems excellent, since dl the main
structures appearing in the numerica results have their counterpart in the
atimeter map, with close shapes and positions.

Latitude

Longitude

Fig. 2. Absolute dynamic topography by AVISO (1993-2008 summer
average)
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Abstract

Since 2000, numerous Argo floats have been deployed in the Mediterranean Sea under various programs and by different
ingtitutions/countries. Different cycling and sampling characteristics have been chosen to monitor this marginal sea, including cycles of
5 to 10 days, parking depths at 350 m and maximum profiling depths between 700 and 2000 m. This work contains the description of
the thermohaline variability obtained using all the historical Argo data in the Mediterranean. The intrinsic variability of the temperature
and salinity is described for most of the Mediterranean sub-basins by means of monthly statistics. The temporal decorrelation scales of

temperature and salinity following floats are also estimated.
Keywords: Temperature, Salinity

Data and methods

In total, 88 Argo floats have been operated in the Mediterranean Sea between
December 2000 and June 2009 (more than 7700 CTD profiles), out of which 27
correspond to the MFSTEP project [1]. The maximum density of floats was
obtained in May 2006 with 31 floats running simultaneously. The following
sub-basins were relatively well sampled by the floats: Catalan, Algerian,
Ligurian, Tyrrhenian, lonian, Cretan and Levantine. The Alboran and Aegean
seas and the Sicily Channel area have limited Argo data. No data are available in
the Adriatic Sea.

Thermohaline characteristicsin the M editerranean sub-basins

The following statistics have been calculated using the above-mentioned Argo
datain the Mediterranean sub-basins:

» number of observations, mean and standard deviation of potential temperature
(6) and sdlinity (S) near 0, 600 and 2000 m;

» number of observations, mean and standard deviation of 6 and S near depth of
salinity maximum;

* depth of salinity maximum.

The mean S at the depth of salinity maximum is displayed versus time in Figure
1.
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Fig. 1. Monthly mean of S at the salinity maximum in the Mediterranean sub-
basins between December 2000 and June 2009.

Decorrelation scales of temperature and salinity

The time-lagged auto-correlations of 6 and S at selected depths were calculated
to estimate the decorrelation scales following the floats. For each float, a linear
trend was removed from the data time series before computing the auto-
correlation, in order to have a realistic measure of the data decorrelation. The
auto-correlations of 6 (Figure 2) and S are computed, by using a time step of 5
days. The Lagrangian integral time scale is computed by integrating to the first
zero crossing of the autocorrelation function.
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Fig. 2. Auto-correlation of temperature at 600 m versus time lag and integral
time scale (vertical bar) for al the floats in the Mediterranean (trend is removed
from the time series before computing the correlation).

Conclusions

Using the Argo data in the Mediterranean between December 2000 and June
2009, we have shown that:

« the Levantine sub-basin is in general the most populated with data spanning
continuously between June 2001 and June 2009;

« the potential temperature exhibits a seasonal cycle near the surface in al the
sub-basins, as well as the salinity in the Cretan and Levantine sub-basins;

« the characteristics of the temporal evolution of potential temperature and
salinity at 600 and 2000 m show that the sub-basins can be mainly grouped in
western and eastern sub-basins;

« trends are evident in the time series of monthly averaged temperature and
sdlinity for some sub-basins, but their interpretation should be very cautious
due to the non-uniform sampling of the floats, both in space and time;

« at 600 m the correlation coefficient for the potential temperature decreases to
0.84 after 5 days, and to 0.75 after 10 days. The zero-crossing occurs after
about 140 days, whereas the Lagrangian integral time scale is about 60 days.
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Abstract

The extreme conditions in the Strait of Istanbul are investigated based on observation of the chemica and bacteriological parameters
together with hydrographic and current measurements. The upper and lower layer blockages occurred in 2003 at the strait which has
amaximal exchange flow system. The distributions of the fecal coliform, nutrients, total suspended solids and dissolved oxygen along
the strait during the blocking events indicate the behavior of the materials and its transportation in the strait.

Keywords: Bosphorus, Nutrients, Bacteria, Hydrography

The Strait of Istanbul (Bosphorus) is a narrow, long and shallow channel which
connects the Marmara Sea and the Black Sea. It has a two-layer exchange flow
system. The upper layer with ~18 psu flows from the Black Sea and the lower
layer with ~38 psu flows from the Sea of Marmara[1, 2]. The average volume
fluxes of the layers (600 kmyear! in the upper layer, 300 km3/year® in the
lower layer) were calculated in terms of the salt and water budget of the Turkish
Sea Straits [1, 3]. However, instant measurements of the volume fluxes changein
a wide range since atmospheric conditions determine the flow exchange [4].
Blocking of the upper or lower layer are the extreme conditions in the strait. In
this study both types of extreme conditions in the strait are presented. The two
layer exchange flow in the Strait of Istanbul plays an important role on the
environmental problem in the region. The discharge of waste water from the city
of Istanbul has been eliminated by taking advantage of the strait flow structure.
The volume fluxes and transport of materials between the Black Sea and the Sea
of Marmara and renewal time of water and material in these seas mainly depend
on exchange characteristics in the strait. Reliable estimates of these exchanges
can be made only from data collected systematically and in a long term period
including extreme conditions in the region.

The CTD (conductivity temperature depth) and ADCP (acoustic doppler
current profiler) data were collected in the Strait of Istanbul in February and
October 2003 by R/V ARAR of the Istanbul University, Institute of Marine
Science and Management (IMSM-IU) The seawater samples were pretreated
with persulphate digestion and analyzed by autoanalyser for total nitrogen
(TN) and total phosphorus (TP) [5]. Among the bacteriological indicators of
pollution, feca coliform (FC) was studied by membrane filtration technique [6].

The lower layer blockage occurred in February 2003 when the strong northerly
winds blew during several days (Figure 1). In the northern exit of the strait
temperature and salinity were almost constant in the water column and its
current directed to the south. The dissolved oxygen (DO) and total suspended
solid (TSS) values were also homogenous throughout the surface to the bottom.
Although the total nitrogen, total phosphorusand FC generally increased with
depth till bottom due to the continuous deep discharge flow at the Strait of
Istanbul [7], the vertical profile of the nutrients and FC were homogenous
through the water column and bottom values were close to surface values during
the lower current blockage. In the southern exit of the strait, the lower layer
detected several meters in the bottom. Therefore, the deep discharge was
blocked at the southern exit of the strait and could not reach to the northern exit
during the lower layer blockage.

The upper layer blockage occurred in October 2003 when the strong southerly
winds were dominant (Figure 1). Although sdinity profiles at both exit of the
strait indicated two-layer structure the current directions of the water column
were the same in these two layers. Moreover the interface between the two
layers was very thick and it was located upper depth along the strait. The
bottom values of DO, TSS, TN, TP and fecal coliform were higher than the
normal conditions and the beginning of the increase was above the halocline,
primarily controlled by the velocity of the current flow during the upper layer
blockage.

The blocking of the current flow is an extreme condition for the strait
hydrography. The lower layer blockage is critical since the deep discharges given
to the lower layer current flow are also blocked and the discharge diffuses to a
larger zone in the water column, which might also affect the surface water
quality. However, these extreme conditions instantly develop during strong
meteorological events such as persistent northern winds encompassing rather
small period of the whole year.
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Fig. 1. Lower and upper layers blockage

References

1 - Unliata U., Oguz T., Latif M., Ozsoy E., 1990. On the physical
oceanography of the Turkish Straits. In: Pratt L.J. (ed.). The physical
oceanography of sea straits. Kluwer Academic Publishers, Boston, pp 25-60.

2 - Yiice H., 1996. Mediterranean water in the Strait of Istanbul (Bosphorus)
and the Black Sea exit. Estuar. Coast. Shelf S, 43: 597-616.

3 - Besiktepe S.T., Sur H.l., Ozsoy E., Latif M.A., Oguz T. and Unliiata U.,
1994. The circulation and hydrography of the Marmara Sea. Prog. Oceanogr.
34 (4): 285-333.

4 - 0guz T., Ozsoy E., Latif M., Sur H. I. and Unliiata U., 1990. Modeling of
Hydraulically Controlled Exchange Flow in the Bosphorus Strait. J. Phys.
Oceanogr ., 20: 945-965.

5 - Grasshoff K., Ehrhardt M. and Kremling K., 1983. Methods of Seawater
Analysis, Verlag Chemie, Weinheim

6 - APHA, AWWA and WPCF, 1980. Standard Methods for the Examination
of Water and Wastewater, 17th Edition. American Public Health Association,
Washington, D.C.

7 - Okus E.Yilmaz A., Yuksek A., Tas S. and Tufekgi V., 2002. Nutrient
distribution in the Bosphorus and surrounding areas. Water Sci. Technoal., 46 (8):
59-66

Rapp. Comm. int. Mer Médit., 39, 2010


http://www.tcpdf.org

EFFECTSOF THE ASSIMILATION OF SEA LEVEL ANOMALY INTHE SICILY CHANNEL REGIONAL
MODEL
Antonio Olital*, Roberto Sorgente 1, Leopoldo Fazioli  and Alberto Ribotti 1
1CNR-IAMC U.0.S. di Oristano, Loc. Sa Mardini Torregrande(OR), Italy - a.olita@iamc.cnr.it

Abstract

Analyses assimilating remotely sensed sea level anomaly observations have been performed in the Sicily Channel for 2008 using a 3D
eddy-resolving regional model. The output fields have been compared with those of a free run covering the same period. As expected
the assimilation has a substantial effect on the spatial features produced. The root-mean-square difference map puts in evidence the

areas where assimilation has larger influence.
Keywords: Circulation, Models, Sea Level

Preface

Operational oceanography systems encompass three main components:
systematical observational data, numericall models, and robust data
assimilation modules. The Sicily Channel Regional Model (SCRM), a nested
eddy-resolving 3D model based on Princeton Ocean Model and developed
during the Mediterranean Forecasting System projects, is the core of the
system. Seasona variability [1], inter-annual variability [2], and forecasting
skills [3] have been verified in recent studies by means of the synergistic use
of SCRM fields and observations. In order to provide the best estimate of the
sea true state, the assimilation of along track sea level anomalies (SLA) has
been implemented in the system. Two experiments, Al (analysis) and A2
(free run), respectively with and without the assimilation of SLA, have been
conducted simulating the year 2008.

Model setup

SCRM isdriven at the surface by momentum, heat and water fluxes computed
through the 6-hourly atmospheric fields (mean sea level pressure, air
temperature at 2m, wind speed and direction at 10 m and cloud cover) by
using the well known bulk formulae [4]. At the open boundaries, SCRM is
nested with the coarse model MFS1671 [5] through an off-line one way
nesting technique of the analyses daily mean fields of temperature, sainity
and total velocity. The data assimilation software used is based on a 3D
Variationa scheme (OceanVAR) [6]. Vertical background error covariance is
represented through Empirical Orthogonal Functions (EOFs), computed from
the model outputs of a previous long-term simulation. Only the most
significant EOFs are used. Horizontal covariance is modeled as a Gaussian
function. The state vector contains al the state model variables (temperature,
salinity, free surface elevation, velocity components), so the corrections are
performed on all these variables. The 3D-VAR scheme finds its solution
minimizing a cost function. The assimilated data is the Along Track Sea Level
Anomaly (SLA) from Jason-1 satellite.
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Fig. 1. Free surface elevation RMSD between experiments A1 and A2

Results

The Root Mean Square Difference (RMSD) time series of the free surface
elevation shows the evolution of the SLA assimilation effects in time. A two
months initial divergence of the two solutions is evident, during which the
RMSD progressively increases. After thisinitial period the surface elevation
RMSD ranges between 0.6 and 1 cm. Differences between the two
experiments Al and A2 are better evident by considering the variability of the

spatial features produced. An useful way to locate the areas where the
assimilation has a larger impact is representing the RMSD map of the surface
elevation (Fig.2). Largest values of RMSD (2.5 cm) are found in the area off
the Lybian coast, in the lonian Sea and between Sardinia and Corsica
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Fig. 2. RMSE map of the free surface elevation between experiments A1 and
A2. Tracks of the assimilated SLA observations are aso shown.

Final Remarks

Remotely sensed observations of sea-level anomaly have been assimilated into
the SCRM by using a 3D Variational scheme. The system has been applied in
a numerical experiment to examine the effects of the assimilation scheme.
Changes observed in the surface elevation fields have a patchy distribution,
which in first instance was found correlated to the presence/number of
assimilated observations. The effects of such changes on surface circulation
should be deeply investigated.
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Abstract

On the morning of 21 June 1978 exceptional sea-level oscillations, having a trough-to-crest height of 6 m and a period of 10-20 min,
occurred in Vela Luka Bay. Slightly less pronounced variability was observed elsewhere along the east Adriatic coast and, with some
delay, along the west coast. In this presentation one of the hypotheses put forward to interpret the event, the one relating it to a
mesoscale air-pressure disturbance, is supported by results of the analysis of all the available data and of the runs performed with the

state-of -the-art meteorological and oceanographic models.

Keywords: Adriatic Sea, Air-Sea I nteractions, Coastal Models, Sea Level

On the morning of 21 June 1978 a tsunami-like event occurred in the Adriatic
Sea With the trough-to-crest height reaching 6 m in Vela Luka Bay on the
Island of Korcula and exceeding 1 m in a number of places along both the east
and west coasts of the Middle and South Adriatic, this was the most
pronounced such event observed in the Adriatic in the 20th century. There
were no casudtiesin Vela Luka, but the town was so heavily damaged that the
state of emergency had to be proclaimed. The event was extensively
commented in contemporary newspapers, along with the fact that it did not
correspond with an equally dramatic process in either the atmosphere above
the Adriatic or the earth below it. A dozen or so tide gauges operated in the
Adriatic at the time, but although some of them did record intensified high-
frequency variability, none was exposed to one of the sea-level maxima.

In the years following the event four different hypotheses on the generating
mechanism have been proposed, with two of them finding the cause at the sea
bottom and two in the atmosphere. The four hypotheses shared a common
weakness: explanations of the relationship between the cause (earthquake-
related bottom movement, landslide, cyclone, or atmospheric gravity wave)
and the consequence (surge) were not supported by a proper modeling. In this
presentation one of the hypotheses, the one relating it to a mesoscae air-
pressure disturbance [1], is reconsidered by using al the available data as well
as the state-of-the-art meteorological and oceanographic models. Careful
analysis of the sea-level observations and measurements reveals that the sea-
level heights at the east Adriatic coast were much larger than at the west coast
and that the west coast oscillations mostly lagged behind the east coast
variability [2]. A fresh look at the air-pressure data confirms the previous
finding according to which a mesoscale atmospheric disturbance propagated at
about 22 m/s in a northeastward direction above the area affected by surging,
and aso enables various timing errors in barograph records to be taken into
account. Additionally, an analysis of a simultaneous wind record reveals that
the disturbance lasted about 10 min.

The meteorological model employed (WRF-ARW) proves unable to reproduce
the mesoscale disturbance coinciding with the surge, but shows that the
background atmospheric conditions were favorable for the development of
such disturbances. The oceanographic model ADCIRC-2DDI, forced by the
air-pressure disturbance characterized by a 3 mbar increase, the shape of a
boxcar function, and the other parameters as stated above, successfully
reproduces sea-level variability in Vela Luka Bay reaching a few meters and
thus surpassing the inverted barometer response by two orders of magnitude.

The enhancement appears to result from a four-phase process: (1) the air-
pressure disturbance travels from the west Adriatic coast to the mouth of Vela
Luka Bay and generates a pronounced wave packet in the sea due to the speed
of the forcing disturbance being close to the speed of shallow-water waves, (2)
leading waves in the packet enter the bay and are amplified due to the funnel-
shaped form of the basin, (3) the waves are reflected at the bay head, and (4)
the waves return to the bay mouth, are partialy reflected there, and are
constructively superimposed on the waves entering the bay from the open
sea. The model also suggests that elsewhere in the Adriatic the conditions
were not so close to the resonant ones as in Vela Luka Bay and that the
scattering due to variable bathymetry and reflection from the east Adriatic
coast resulted in waves that returned towards the west coast and generated
considerable sea-level activity there. Comparison of the empirical sea levels
with the modeled values carried out for the whole area strongly supports the
rather weak mesoscal e atmospheric disturbance as an adequate forcing agent.

The present interpretation of the Vela Luka surge of 1978 invokes only the
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ray theory and therefore departs somewhat from the interpretation of other
similar Adriatic events, e.g. those observed in Stari Grad and Mali Ston Bays
in 2003 [3] and on the Island of Ist in 2007 [4], that was based on the ray
theory in the open sea combined with the mode theory in the coastal basins.

References

1 - Orlic M., 1980. About a possible occurrence of the Proudman resonance in
the Adriatic. Thalassia Jugosl ., 16, 1: 79-88.

2 - Orlic M., Belusic D., Janekovic I. and Pasaric M., 2009. Fresh evidence
relating the Adriatic surge of 21 June 1978 to mesoscale atmospheric forcing.
J. Geophys. Res., submitted.

3 - Vilibic I., Domijan N., Orlic M., Leder N. and Pasaric M., 2004. Resonant
coupling of atravelling air pressure disturbance with the east Adriatic coastal
waters. J. Geophys. Res., 109, C10001: doi:10.1029/2004JC002279.

4 - Sepic J, Vilibic I. and Belusic D., 2009. Source of the 2007 Ist
meteotsunami  (Adriatic Sea). J. Geophys. Res., 114, C03016: doi:10.1029/
2008JC005092.

Rapp. Comm. int. Mer Médit., 39, 2010


http://www.tcpdf.org

A MOORED PROFILER FOR OCEANOGRAPHIC RESEARCH AND ENVIRONMENTAL MONITORING
Alexander G. Ostrovskii 1 and Andrey G. Zatsepin 1*
1p.p. Shirshov Institute of Oceanology, Russian Academy of Sciences, Nakhimovsky Pr. 36, Moscow 117997, Russia -
zatsepin@ocean.ru

Abstract

This presentation concerns the research and development of the ocean moored profiler Aqualog. This technique allows a user to
obtain regular time series of oceanographic data at fixed geographical location by using conventional oceanographic probes, which are
transported by a specia carrier that moves vertically between surface and bottom of the sea.

Keywords: Monitoring, Currents, Deep Waters

A moored profiler is a useful tool for multidisciplinary investigations such as
water exchange and deep current structure. In the framework of conducting
oceanographic research the profiler is a useful tool for field investigations of
the variability of both biotic and abiotic parameters of the sea environment
from a few hours to a few months. The estimation of the short-period
variability and its impact on the generation of mixing is possible on the basis
of regular probing during a sufficiently long time. To assess the dynamics of
barotropic and baroclinic waves, eddies and wave-eddy structures and their
role in the water transfer and exchange, it is necessary to observe the spatial
peculiarities of hydrophysical parameters. This makes it necessary to conduct
simultaneous probing by a set of profilers in a number of sea locations.
Finaly, a topical task is revealing climate signals in multi-year series of
oceanographic data at fixed locations in sea basins. To achieve these objectives
it isimportant to get regular and homogeneous ensembles of the observational
data.

A new moored profiler named Aqualog was designed in P.P. Shirshov Institute
of Oceanology in 2005-2009 (Fig. 1). It was tested at field trials in the Black
Sea and the Caspian Sea. The profiler is built to carry a load of modern
oceanographic instruments. It moves down and up aong the mooring line as a
sea ‘lift’ carrying various instruments including FSI Excell 2" Micro CTD
probe, Nortek Aquadopp current meter, and AANDERAA Oxygen Optode
4330F. The payload of this sea elevator may aso comprise other
environmental probes e.g., fluorimeter and turbidimeter. The profiler mooring
lineis made of stainless steel wire that allows a user to extend the maintenance
period of the mooring system up to severa months. The programmable
hardware of the profiler allows to set up an automatic operation algorithm
(variable movement speed, time and period of the profiling, etc.).

Fig. 1. The profiler in the Black Seawaters. The profiler is photographed from
above under a movement limiter at a depth of approximately 7 m right before
another downward/upward profiling cycle. The verticaly stretched mooring
line is passed through the drive-wheel on the profiler. In the upper right part
of the profiler an acoustic Doppler current meter Nortek Aquadopp is shown.
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So far the typical depth range of Aqualog's operation was 5-600 m. With a
titanium instrument housing the maximum operation depth reaches out to
3000 m. Vertical speed can be set up within 0.05 and 0.3 m/s. The payload is
up to 4 instruments; 1 slot is available for mounting an optional ocean probe.
Weight in the air is 62 kg without the sensors or up to 75 kg with the sensors.
Start and stop is by magnetic switch or as preprogrammed. There is a light
indication of the system status. The total profiling distance is about 800 kmin
still waters for the profiler with lithium battery pack. The Aqualog has an
energy resource sufficient for profiling the water column in the programming
regime for up to several months.

The custom measurement instruments are high-precision, stable and fast-
response. When the carrier is moving with the speed of 0.1 m/s the vertical
profiles are measured with a vertical resolution of 0.05 m for pressure,
conductivity and temperature (FSI Exell 2" Micro CTD), 0.6 m for the current
speed (Nortek Agquadopp) and 0.8 m for the dissolved oxygen (AANDERAA
Oxygen Optode 4330F).

The Aqualog was successfully tested during expeditions into the Black and
Caspian Seas in 2005-2009. By using the Aqualog new data was obtained
about inertial oscillations, mesoscale variability, and vertical exchange in the
coastal waters. Over the north-eastern Black Sea shelf, the depth of the
seasonal thermocline, the vertical gradient of density driven by temperature
distribution and the current velocity gradient in the thermocline as well as the
vertical exchange coefficient, all are substantially modulated by inertial
oscillations and mesoscale vortices. Moored autonomous profiling stations
located at a fixed geographical point represent the most preferable technical
means for regional marine environmental monitoring. A moored profiler station
inhibits a smaller risk of loss and facilitates technical services including power
batteries and maintenance of the sensors.

This study was supported by the Russian Foundation for Basic Research
grants 05-05-64927, 06-05-08092-ofi, 06-05-02105-e_k, 08-05-12046-0fi.
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Abstract

Operational coastal ocean forecasts are developed for the seas encircling the Anatolian peninsula (Turkey) includig the northern
Levantine Sea, Black Sea and the Turkish Straits System (TSS). An observing system of real-time coastal measurements has alsc
been developed. Operational coupled ecosystem models are also aimed, with encouraging first results. The observational system
consists of coastal sea-level and meteorological stations and an ADCP system in the Bosphorus Strait. The problems and prospects of

forecasting and experiences to date are described.
Keywords: Straits And Channels, Black Sea

Coastal ocean forecasts for the northern L evantine Sea have been developed, and
have been operational since 2005, driven by high resolution atmospheric forcing
and nested in the MFS (Mediterranean Forecasting System) regional forecast
models [1]. The model has a horizontal resolution of 1.35 km and 28 vertical
sigma levels. Recently the forecast modelling has been updated to include the
effects of major rivers in the Cilician basin of the northeastern Levantine,
supplying the main fresh water inputs to the region, contributing significantly
more than the present discharge of the Nile river into the Levantine Sea. Mersin
Bay and Iskenderun Gulf, connected through a wide shelf region in the
northeastern corner of the Levantine Sea alone receive most of the fresh water,
therefore making it a region of freshwater influence (ROFI). On the other hand,
the westerly flowing Asia Minor current is an often unstable jet that meanders
and sheds eddies in the northern Levantine, and especialy in the Cilician Basin,
connected to the shelf that receives large amounts of fresh water, which are then
dispersed by the eddies and meanders. Satellite data display the influence region
of the dispersion pattern. A deep current, underlying the Asia Minor current, is
generated along the steep shelf region to the west as the flow over the sill
between the Cypriot and Turkish coasts induces an overflow that veers to the
north, steered by the slope topography. Levantine Intermediate Water
formation, aso observed in continuing experimental programs, has been
captured in the forecasts in severa early spring cases. Convective mixing in the
shallow shelf area of the Mersin Bay and Iskenderun Gulf preceeds the leakage
of thiswater first to the west and later to greater depths. The construction of an
operationa coupled ecosystem model has been tested with promising first
results, but presently remains somewhat prohibitive in terms of computer
runtime requirements.
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Fig. 1. Forecast sea surface temperature and currents at 90 hrs after 1st of
January 2010, northern Levantine sea.

Operational forecasts have been developed for the entire Black Sea, using high
resolution surface atmospheric fluxes of mass, momentum and heat, as well as
the monthly fresh water fluxes of the major Black Sea rivers that dominate the
behaviour of the system. Annual mean fluxes are specified at the Bosphorus
with time relaxation. The model has a horizonta resolution of 2.5 km and 30
vertical sigma levels. The main double-gyre circulation of the Black Sea, the 'rim-
current' structure, and major semi-permanent features such as the 'Sevastopol
eddy' are well represented. The spreading of fresh water from the large rivers of
the northwest shelf, primarily affects the shelf region, but also spreads to other
parts of the Black Seawith the rim current.
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Fig. 2. Black Sea operational forecast for 1 December 2009.

The implementation of an operational model for the Turkish Straits is a
formidable task, because of the major problems of multi-scale coupling between
different elements of the system and with the adjacent basins. The approach for
a first level of understanding has been based on decoupling and studying
separate parts, which individually have sufficient complexity. Despite the
prohibitive requirements for resolution and physical processes representation, a
reasonably resolving model of the Turkish Straits System is also attempted, and
has so far yielded promising results.

A coastal observation network consisting of sea-level and surface meteorology
sensors at 14 stations along the coasts and an ADCP profiling station in the
Bosphorus has been set up to collect real-time data [2]. The system has been
operational for about 2 years, and is aimed to complement the forecasting
systems.
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Abstract

In the framework of the protection and management of coastal waters in the Mediterranean Sea, the city of Marseille (south of
France) has been chosen to study the fate of chemical contaminant inputs and its impact over the adjacent marine ecosystems. A
numerical tool is developped, based on the coupling of a hydrodynamical model, a sediment model, a biological model and a model of
chemical contamination. The present work deals with the validation of the hydrodynamics compartment by comparisons with
observations, which constitutes a prerequisite for the future operational system.

Keywords: Coastal Models, Circulation, Coastal Processes, Gulf Of Lions

The geomorphology and density of contaminant-generating industries of the city
of Marseille is highly representative of large modern mediterranean cities.
Marseille was thus chosen as a laboratory area for the development of a
numerical tool dedicated to the assessment of the chemica contaminant raw
inputs (from city to sea) and exports (from midsea to open sea) from the city.
This tool is developed based on the coupling of a hydrodynamical model, a
sediment model, a biological model and a model of chemical contamination. The
present work deals with the validation of the hydrodynamics compartment,
based on the comparison with data issued from observational networks and
campaigns at sea for the years 2007 and 2008.

The high resolution 3D coastal ocean model MARS3D (for 3D hydrodynamic
Model for Applications at Regional Scale) has been applied to forecast the
oceanic circulation off Marseille from the Rhone river to the Cap Sicié (south of
France). For the RHOMA configuration (Fig 1), redlistic numerical simulations
were performed for the years 2007 and 2008, with forcing by the Rhone river,
meteorological fields and by the surrounding general circulation known to be
strongly constrained by the Northern Current.

A lot of observations providing the stratification and currents off Marseille were
acquired from in situ oceanographic networks and from vessel cruises during the
last decade. In order to validate the nested forecasting system, quantitative
comparisons between observations and model results were perfomed. Statistics
over long time series of temperature at three moorings (SOMLIT and
MEDCHANGE stations) were computed to show the model skills in capturing
the monthly to seasonal variability of the thermal structure. This comparison
also shows that the model reproduces well the observed features associated
with the shelf processes.

In particular, the wind strongly constrains the shelf circulation off Marseille [1]
and the model reproduces the cooling of the sea surface waters due to upwelling
caused by a wind blowing parallel to the coast when the ocean is stratified (in
summer and fall).

During the strong Rhone river discharge of June 2008, we reproduced an
intrusion of the Rhone river diluted (low salinity) waters observed into the
southern bay of Marseille for several days under westerlies and south-easterlies
at the Frioul island station.

In addition to those forcings, the general circulation is also of great influence.
Intrusions of the northern current off Cassis from the south of the domain are
observed and reproduced by the model in winter, due to the penetration of
meanders over the narrow eastern part of the shelf [2].

This study received support from the IFREMER METROC project sustained
by the Marseille water agency, the GIRAC project and the PNEC-EC2CO
MASSILIA project.

The authors gratefully acknowledge J. Garrabou and the Medchange program as
well as JG Harmelin and the 'Parc-Marin de la cote bleue' for communication of
the MEDCHANGE T time series. We are grateful to the staff of the SOMLIT
(Service d’'Observation en Milieu Littoral) national network for littora
observations of the INSU (Institut National des Sciences de I'Univers) for
providing the data from the SOMLIT-Frioul Marseille station.
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Fig. 1. Bathymetry of the RHOMA modeling domain.

References

1 - Prada M. and Millet B., 2006. Spatial heterogeneity of wind forcing:
application to artificia reef functioning influenced by the circulation in the bay
of Marseilles. C.R. Biologies, 329(7): 541-550.

2 - Albérola C. and Millot C., 2003. Circulation in the french mediterranean
coastal zone near Marseilles: the influence of wind and the Northern Current.
Cont. Shelf Res., 23: 587-610.

Rapp. Comm. int. Mer Médit., 39, 2010


http://www.tcpdf.org

DEEP CANYON AND SLOPE SUSPENDED SEDIMENT TRANSPORT IN THE WESTERN GULF OF LIONS
DURING THE 2006 INTENSE CASCADING PERIOD

A. Paanques I*, P, Pui?

1 X. Durrieu de Madron 2, A. Sanchez-vidal 3, A. Calafat 3, C. Pascual 3, S. Heussner 2 and M. Canals 3
Ingtitut de Ciencies del Mar (CSIS),08003 Barcelona, Spain - abertp@icm.csic.es

2 Centre de Formation et de Recherche sur I'Environnement Marin, UMR 5110 CNRS-Université de Perpignan, France
3 GRC Geociéncies Marines, Universitat de Barcelona, Spain

Abstract

The network of mooring lines deployed between 300 m and 1900 m depth along Lacaze-Duthiers and Cap de Creus canyons and the
southern open slope alowed to study the water and sediment transport in the Western Gulf of Lions during the 2006 intense cascading
period. The dense water and sediment transport reached down to 1900 m depth and was both through submarine canyons and along
the southern open slope towards the Catalan Margin. Sediment transported by cascading came either from the shelf or from
resuspension of sediments previously deposited at mid-canyon depths. Open-sea convection processes combined with deep cascading

pulses also generated sediment transport at deeper slope regions.

Keywords: Continental Margin, Particle Flux, Sediment Transport, Gulf Of Lions, Deep Sea Processes

Dense shelf water cascading in the north-western Mediterranean has been
identified as a major transport mechanism able to generate high sediment fluxes
in submarine canyons [1, 2, 3] and in the basin during the coldest years[4]. It is
known that dense shelf water flows can transport shelf particles and erode and
reshape the seafloor, increasing suspended and bed load sediment transport as
they progress across the outer shelf and upper continental slope. However,
observations of the spreading of dense shelf water cascading across the entire
continental slope are scarce and its effects on sediment transport towards the
continental rise and basin are largely unknown.

The north-western Mediterranean is a region of dense water formation due to
the effect of strong and persistent northern winds (Mistral and Tramontana).
The formation occurs on the shallow inner shelf of the Gulf of Lions and at
open-sea, preferably in the area known as MEDOC site. Over the continental
shelf, the intense wind-induced evaporation and cooling produce cold dense
water that eventually overflows the shelf and cascades down the slope,
especialy though the westernmost submarine canyons. The process occurring in
the basin is characterized by open sea vertical convection, and mixing of surface
water with warmer but saltier Levantine Intermediate Water [5].

Recent studies have demonstrated that most of the off-shelf suspended
sediment transport in the Gulf of Lions occurs in its westernmost sector,
preferentially through the Cap de Creus submarine canyon. Based on this
previous knowledge, a focussed monitoring strategy was designed within the
HERMES project, to better constrain the contemporary sediment transport
processes in this region. A network of mooring lines equipped with current
meters and turbidity sensors at 5 m above bottom were deployed between 300
m and 1900 m depth along the axes of the two Lacaze-Duthiers and Cap de
Creus neighbor canyons, as well as across the southern open slope from
October 2005 to October 2006 (Fig. 1).

Rhone River

Gulf of Lions

- 42°30

42°00"

Fig. 1. Bathymetric map of the study area showing the location of the moored
instruments. CCC: Cap de Creus Canyon. LDC: Lacaze-Duthiers Canyon.
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Recorded data indicate that dense shelf water cascading was the main shelf-to-
slope sediment transport process in the area, acting from January to April-May
2006. The dense water and sediment transport was not only through submarine
canyons, but also along the southern open slope. The most important
suspended sediment transport event was due to the intense cascading pulse
occurring in January 2006, which produced a strong sediment flux increase along
the Cap de Creus Canyon down to 1900 m depth and also along the open slope
at 1000 m depth. A significant sediment flux increase also occurred in March-
April 2006 due to another intense cascading pulse. In this transport event,
suspended sediment concentration only increased at 1000 m depth in the Cap de
Creus Canyon and on the open slope, but not at the canyon head, suggesting a
redistribution of sediments previously deposited at mid-canyon depths. Deeper
than 1000 m, net fluxes show that most of the suspended sediment left the
canyon and flowed along the southern open slope towards the Catalan margin,
whereas a small part flowed downcanyon and was exported basinward through
the canyon mouth. Additionally, the increase of the deep-sea near-bottom
currents induced by open-sea convection processes, combined with the arrival
of deep cascading pulses, also generated moderate but continuous suspended
sediment transport at deeper slope regions.
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Abstract

We present a merged technique for producing monthly mean air-sea heat fluxes values in the Aegean Sea from bulk formulae. The
input variables are mainly drawn from the POSEIDON buoy network of the Hellenic Centre for Marine Research (HCMR). Time
series derived from five buoys encompassing a period from January 2000 to December 2008 are used together with satellite data and
coastal meteorological observations to estimate heat fluxes over the marine boundary layer. The estimated monthly mean values are

further compared with widely used global gridded datasets.
Keywords: Air-Sea Interactions, Heat Budget, Aegean Sea

Air-sea heat fluxes are crucial for understanding the role of the oceanic
environment in the climatic processes as a man driver of the globa
atmospheric and oceanic circulations. But they are not readily quantified and
their basic input variables mostly come from the International Comprehensive
Ocean-Atmosphere Data Set (ICOADS, Voluntary Observing Ship program)
since the buoy measurements are scarce and the satellites are still unable to
provide accurately al the necessary variables[1, 2]. HCMR's Poseidon
network consists of oceanographic buoys that monitor meteorological, ses
state, upper ocean physical and biochemical datain a 3-hour timeintervals[3].
The network is operational since late 1999 and provides four key variables
needed for estimating the aforementioned heat fluxes. These are atmospheric
pressure, air temperature, sea surface temperature and wind speed. Seasonal
maintenance and sensors calibration ensures the network reliability. Cloud
fraction is estimated based on 3-h observations provided by a number of
coastal stations of Hellenic National Meteorological Service (Fig.l).
Simultaneous cloudiness observations from 2-3 nearby stations are spatially
interpolated to produce a composite cloud fraction at each buoy location.
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Fig. 1. Buoy sites and the 9 meteo stations over the Aegean Sea.

Additionally, the specific humidity is estimated from the SSM/I brightness
temperatures (F13, F14 and F15 platforms; [4]). Over the study area an
average of 5-6 overpasses were available on a daily basis (while F14 was
operational). In order to achieve more representative vaues, the satellite
brightness temperatures from all the daily swaths are selected within a radius
of 0.5° from the buoy site and are interpolated in time to be fitted in the 3-h
interval dataset. The incoming solar shortwave radiation Qg is calculated from
the Reed bulk formula using the List formula for clear sky irradiance as more
appropriate for the Mediterranean Sea conditions. A correction to the clear
sky insolation due to the aerosol attenuation is applied according to Tragou
and Lascaratos [5]. The net longwave radiation Qy, is computed using the most
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suitable for the Mediterranean, Bignami formula. For the turbulent
components, latent heat Q, and sensible heat Qy, the state-of-the-art COARE
v3.0 algorithm is used[8]. As a genera rule, monthly mean vaues are
estimated when less than 10% data are missing. The final products are further
statistically compared against the following heat flux datasets: @) the National
Oceanography Centre of Southampton air-sea interaction gridded dataset [1];
b) the OAFlux project dataset of WHOI [6]; and c) the HIPOCAS
Mediterranean Sea high-resolution atmospheric dataset [7]. Due to large gaps
in our dataset a statistical comparison over a whole year is not possible,
therefore only concurrent measurements are involved. Table 1 illustrates
results from the preceded statistical comparisons. The period of comparison is
referred to 2000-2006 for NOC dataset, 2000-2007 for OAFlux and 2000-
2001 for HIPOCAS. According to the main statistical features the most
suitable gridded product is appeared to be the OAFlux dataset for al the
components except the net longwave radiation for which the HIPOCAS
dataset seems to fit better. The relatively large biases of NOC dataset are
apparently attributed to the different bulk formulae for the clear sky insolation
and for the net longwave radiation. Q, from OAFlux dataset exhibits no
correlation not only with the in situ data but also compared against the other
two gridded products.

Tab. 1. Main statistics of the comparisons with the gridded datasets. N is the
number of compared values.

Mot NOC OAFLUX HIPOCAS
comp.| N bias | rmse| cc N | bias rmse| cc N bias | rmse| cc
Q| 131 |-66.5 | 91.0 (093 [131 | 105 350 096 | 63 | -19.3 | 40.6 | 0.95
Q, | 399 [-25.0 | 359 [0.97 [459 | .23 136 [0.99 [120 | 9.0 | 158 |0.98
Q, | 131 |-28.2 | 30.7 | 0.60 | 142 | -122 195 0.08 | 63 | -152 | 16.7 | 0.62
Q, [ 131 | -02| 426 064 131 | 54 258 082 | 63 | -8.3 | 322 | 0.76
Q, | 131 | 95| 174|085 |131 | 0.4 7.3 | 097 | 63 | 8.0 | 136 | 0.93
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Abstract

Exceptionally strong storm surge that occurred on 1 December 2008, when record-breaking sea level was recorded in the Northern
Adriatic, is analysed using sea-level data from tide gauges along the eastern Adriatic coast. The event was a result of fine tuning
between the storm surge brought about by a series of synoptic atmospheric disturbances, the tide and the preexisting Adriatic basin-
wide seiche, al superimposed on a significant sea level rise due to the low-frequency atmospheric disturbance related to planetary
waves, whereupon the local seiche activity additionally increased the sea level.

Keywords: Adriatic Sea, Sea Level
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Fig. 1. The episode of exceptionally high sea level recorded at Bakar: (&) origina air-
pressure time series and the data low-pass filtered at 10 days; (b) the recorded time
series of 1-minute sea-level data and the tidal prediction; (c) the sea level upon
removal of the tidal signal; (d) the sea-level time series, low-pass filtered at 10 days
and the storm-surge activity related to synoptic atmospheric disturbances; (e) sea
level, band pass filtered around 22 hours, which corresponds to the principal mode
of the Adriatic basin-wide seiche and high-pass filtered (at 1 hour) time series
representing the local seiche activity.

During late autumn and winter the coastal area of the Northern Adriatic is
occasionally exposed to extremely high sea level (acqua alta), which floods the
towns and brings great damage to urban infrastructure. Venice is most vulnerable to
this phenomenon, but other towns in the region are sometimes also severely
affected. One exceptional occurrence took place on 1 December 2008. On this
occasion not only the Northern Adriatic coast was flooded, but the sea level rose
high above its usual values along the greater part of the Dalmatian coast north of
Split. The towns of Trogir, Sibenik, Zadar, Rijeka and many other were flooded
while in some harbors ships were damaged. At Bakar the sea level reached 121 cm
which is absolutely the highest value recorded at the longest operating Croatian tide
gauge in use since 1929, with a 10-year break around Second World War.
Exceptionally high sea level was also registered on the Italian coast of the Adriatic.
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In Venice the sea level reached 156 cm [1], which is the fourth highest value since
1923.

The event was well documented by tide gauges of the Croatian network of
permanent stations. The network was modernized in 2003 with digital instruments
and GSM modems for the data transmission, thus providing rea-time data and
enabling the prompt and detailed analysis of the event. The peak event occurred at
Bakar at 08:15 CET, with sea level reaching 121 cm; a Rovinj the highest
instantaneous sea level (95 cm) was recorded at 11:36 CET, at Zadar the maximum
(83 cm) occurred at 08:39 CET, at Split it was 71 cm at 07:02, while at Dubrovnik
sea level maximum was considerably lower (50 cm). The beginning of the episode
can be tracked two weeks before - a large-scale air-pressure disturbance, related to
passage of planetary atmospheric waves, caused sea level to slowly rise (Figure 1)
thus securing preconditions for the occurrence of extreme sea levels [2]. This
intensified in the next days when a series of weather fronts passed over the Adriatic,
each time triggering off the Adriatic seiche. Three days prior to the peak event avery
strong sirocco started to blow, piling up water in the shallow Northern Adriatic. On
the morning of 1 December 2008 yet another front passed over the Adriatic —the air
pressure at Bakar reached its minimum value at 07:30 CET, just shortly before the
tide reached its daily maximum and the preexisting Adriatic seiche was heading
towards its maximum. Hence, when the tide reached its maximum at 08:15 CET ses
level at Bakar went up to its highest level since the start of the uninterrupted
measurements in 1949 and also likely since the start of the tide gauge 79 years ago.
This record-breaking level was a result of fine tuning between the storm surge (~40
cm) brought about by a series of synoptic atmospheric disturbances, the tide (23
cm) and the preexisting Adriatic basin-wide seiche (13 cm), all superimposed on a 33
cm sea level rise due to low-frequency atmospheric disturbance related to planetary
waves, whereupon the local seiche activity within the Bakar Bay contributed with
additional 10 cm.
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Abstract

We study the surface circulation of the Eastern Mediterranean basin over 2005-2007 by comparing drifter trajectories, models and
atimetry. Using pseudo-Eulerian statistics, we investigate a way to validate the model or atimetry circulation schemes with drifter

data measurements.
Keywords: Eastern Mediterranean, Circulation, Models

The surface circulation in the eastern Mediterranean Sea is investigated by
means of surface tracked drifters, numerical models and altimetry data for the
period spanning from November 2005 to October 2007.

Within the framework of the EGYPT/EGITTO program, a total of 97 drifters
drogued a 15-m nominal depth were released between September 2005 and
March 2007 in the Sicily Channel and the lonian basin [1]. All drifters were
tracked with the Argos Data Location and Collection System (CLS). Drifter
positions have accuracy better than 1000m. After editing, the drifter position
time series were linearly interpolated every 2 hours using the kriging technique,
and were then low-pass filtered and subsampled every 6 hours. The velocities
were computed by finite-centered differences [2]. It is important to note that,
despite the hundredth of drifters and the 18 months duration, the resulting mean
pattern remains highly constrained by the spatio-temporal distribution of the
drifters, up to rendering artifacts due to mesoscale eddies [1].

33N
The numerical simulations were carried out using the Mediterranean model §35°N
MED16 [3, 4] and the extracted Mediterranean domain from the operational B4
PSY 2v2 forecasting system [5], regional configurations of the primitive-equation %

model Ocean Parallel [6]. The horizontal resolution of both models is 1/16°(5-
7km) and there are 43 vertical levels. The models were forced by daily air-sea
flux and wind fields from the analyses of the European Centre of Medium-range
Weather Forecast (ECMWF).

The atimetric data available for this study from CLS are the geostrophic
velocities deduced from Sea Level Anomaly maps. Data are interpolated over a
regular 1/8°x1/8° grid, every 7 days[7].

Both modeled and altimetric data are low-pass filtered and interpolated in space
and time at the drifter positions following the method of [2]. On agrid with
0.25°x0.25° mesh, pseudo-Eulerian statistics are computed (mean current,
variance ellipses, mean and eddy kinetic energies).

For example, mean flow and kinetic energy are shown for in situ observations
and MED16 (Fig 1). On one hand, some of the main features of the mean flow
agree, for both model and drifters : i) the main flow of Atlantic Waters (AW)
bifurcates, upon exiting the Sicily Channel, into a northern branch and a
southeastward one; ii) the southeastward branch reaches Libya West of 20°E
and iii) from ~24°E , the eastward coastal current dong Africa associated with
mesoscale eddies in agreement with [8], continues northward along the Middle-
East slope.

On the other hand, model and drifters mean kinetic energies mostly disagree in
several areas. For example, offshore between 24°E-31°E, both mean flows show
complex patterns, mostly opposite between 24 and 27°E, even displaying a
partia eastward flow. Thisis related to a strong signature of mesoscale patterns
(mostly eddieslike lerapetra or Lybian eddies at this place) in the in situ
data. Actually, a good agreement between these datasets requires an
exact spatio-temporal correlation between the positions of the observed and
modelled eddies.

In a next step, using the whole spatio-temporal sampling of the models, we will
check whether this scheme is still relevant for validating the models.
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Fig. 1. Mean flow superimposed on Mean Kinetic Energy using kriged drifters
data (top) and MED16 model (bottom)
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Abstract

Inertial and internal waves in the Central Ligurian Sea are investigated by using long time series of high frequency observations of
both ADCP currents and temperature profiles in the upper thermocline. Horizontal variability is dominated by the inertial currents
which have a kinetic energy comparable with that of the mean currents. Time frequency analysis evidences the presence of internal
waves having periods in the sub-daily band, between 6 and 17 h (the local inertial period). During summer, these vertical oscillations
may affect the temperature time series at a fix depth up to several degrees.

Keywords: Air-Sea Interactions, Currents, Ligurian Sea, Time Series, Temperature

Data and methods

In order to investigate the variability of the upper layer, a mooring equipped
with an upward-looking ADCP (Acoustic Doppler Current Profiler) RD&I
Sentinel 300 kHz and CTD sensors was deployed in the open Ligurian Sea (43°
47.77 N; 9°02.85 E) near the meteo-oceanographic buoy ODAS Itdial. The
ADCP sampled the upper 50 m of water column from 13 September, 2003 to
25 May 2004 and from September 2004 to June 2006 thus providing a long-
term time series of 3-D currents data. Meteorological parameters, in particular
wind speed and direction and atmospheric pressure, were measured each hour
from the buoy ODAS at 13.5 m above the sea surface until 11 March 2004. Sea
temperature and conductivity at six different depths, between surface and 36 m,
were aso collected each hour from the buoy. Spectral analysis and the

Wind stress

methodology proposed by Jacobs et al. [1] were used to evidence the time- | o o
spectral characteristics of the observed oscillations. "'2’:]“ 0o
Results sof-- | T
The upper layer currents variability in the investigated areais mainly due to the s J U"U

inertial currents. They occur very often, can persist several days and have a 135ep 10a 1 Nov
kinetic energy comparable with that of the mean currents. The more energetic
ones are found at the end of the summer, when the thermocline is still well
developed, while during winter their amplitude is reduced. Inertial oscillations
are very common in the ocean. They can be locally generated at the sea surface

by changes in wind stress or by the rapid transit of a low and can persist for standard deviation.
severa days. These oscillations propagate energy far from the area of generation
as well as downward in the water column, generating higher-frequency internal
waves through non linear interactions [2]. For their contribution to the mixing,
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The existence of mixed layer inertia currents unrelated to wind forcing is
reported by different authors. Van Haren and Millot [3] found similar resultsin
the Ligurian Sea and gave evidence to the important role of the thermal
stratification of watersin the vertical propagation. The time series of the vertical
currents clearly show the occurrence of intermittent burst of oscillations
reaching the amplitude of few centimeters per second. The signal was present in
the entire sampled water column, but the amplitude attenuated with increasing
depth. The time-frequency analysis confirms that these oscillations develop
both in summer and in winter, even the episodes last only a few days. Their
frequency varies in the sub-daily band, spanning from few cycles per day to the
local inertial frequency (local inertia period is 17.3 h). Differently from the
horizontal inertial currents, the comparison with available local wind time series
evidenced a nearly one-to-one correspondence between the wind stress relative
maximum and the occurrence of vertical currents oscillations, identified by a
maximum of daily standard deviation, but at a first analysis their amplitude
doesn’t seem relate to the intensity of wind stress. Bursts of oscillation in the
sub-daily band are detected also in the temperature time series in the upper
thermocline. During summer months, when the thermal stratification reaches its
maximum, the temperature variation at 35 m due to the internal

waves reached more than 4 °C.
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Fig. 1. Time series of daily mean wind stress magnitude and vertical velocities
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Abstract

We propose a latent-class model where the joint distribution of linear and circular data is specified through a finite mixture of
conditionally independent Gamma and von Mises distributions. Missing values are imputed by drawing multiple imputations from the
predictive distribution of the missing values given the observed data, at the maximum likelihood estimates. The procedure is illustrated
on an incomplete dataset that includes measurements of wind speed and direction and significant wave height and direction, taken by &

buoy and two tide gauges of the Italian wave-metric network.
Keywords: Waves, Wind/Font, Sicilian Channel

Environmental multivariate data are disseminated by environmental protection
agencies for a variety of purposes, including the estimation of statistical models
that detect significant relationships between different environmental
measurements. Incomplete datasets, where some of the measurements are
missing, pose a serious obstacle in the fulfillment of these purposes. There is an
extensive literature about the estimation of statistical models in the presence of
missing values. However, these methods often require the expertise of atrained
statistician, as they involve both computational and methodological issues that
can be challenging, depending on the nature of the mechanism that generate the
missing values and the complexity of the model that is exploited for analysis. To
reduce the workload of the data analyst, incomplete data should be provided in a
way that they can be analyzed by "standard" methods, i.e. methods that require
the availability of complete data information. Environmental data could be
completed by imputing missing values according to an imputation model. This
approach is referred to as single imputation. It is however well known that if the
data analyst uses complete-data methods for analyzing the completed dataset
by treating imputed values as if they were real data, this generally leads to
variance estimates that are too low, confidence intervals which are too narrow,
and wrong tests (real significance level above nomina level).

Multiple imputation (M1 [1]) has been suggested as a way of overcoming the
variance estimation problem that arises under a single-imputation strategy.
Under a M1 protocol, the data-base constructor (or imputer) and the end user
(or data analyst) are thought as distinct entities. The data-base constructor
draws a number of imputed values from the predictive distribution of the
missing values, given the observed data, computed on the basis of an imputation
model. The resulting completed datasets are appended together to provide an
augmented dataset to the data analyst, who can exploit standard methods to
simultaneously examine these datasets and, appropriately pooling the results,
use them to correct for the variability in the imputations, which differs from the
variability in the observed data. Directions about the pooling procedure are
provided by the imputer and involve simple calculations, which can be carried
out by a data-analyst who is not necessarily a trained statistician. Under a M1
strategy, imputation is typically carried out by estimating a parametric model
from the complete cases and using the predictive distribution of the missing data
given the observed data to draw a number of imputations for each missing value
in the incomplete dataset. Under a frequentist approach, the imputation model
is estimated by maximum likelihood and imputations are drawn from the
conditional distribution of the missing values, given the observed data, evaluated
at the maximum likelihood estimate of the parameters that have been obtained
from the observed data.

Latent-class, mixture models have been proposed as flexible imputation models
when incomplete datasets include categorical [2] or mixed categorical and
continuos variables [3]. We extend this approach to the case of linear-circular
variables, by specifying a multivariate mixture of Gamma and von Mises
distributions. The model clusters incomplete data into homogenous groups and
exploaits this classification to complete records with missing values. Parameters
of the mixture model are estimated by maximization of the likelihood from the
observed data, by a suitable E-M algorithm that alows for missing values.
Imputations are then drawn from the multivariate conditional distribution of the
missing values given the observed data, evaluated at the maximum likelihood
estimate. We evaluate the performance of this imputation method by means of
predictive intervals and nonparametric cross-vaidation.

Results of the MI procedure are illustrated on an incomplete dataset that
includes hourly measurements of wave height and direction, taken in the period

10/13-11/11/2003 by the buoy of Mazzara del Vallo located at about 10 Km
from the southern coast of Sicily. The dataset also includes eight-hours moving
averages of wind speed and direction, taken from the two nearest tidal stations,
respectively located at Porto Empedocle (Sicilian coast, about 100 Km from the
buoy) and at Lampedusa Island (about 250 Km from the buoy).

0 02 05

Fig. 1. The 5-components mixture distribution of wave direction (left) and
height (right), as estimated by a latent-class multivariate model
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Fig. 2. Imputed values (dots) and observed data (grey line) of wave direction
(top) and height (bottom), yielded by a 5-components latent-class model

References

1 - Rubin DB., 1987. Multiple Imputation for Nonresponse in Surveys. New
Y ork, John Wiley.

2 - Vermunt JK, Van Ginkel JR, Van der Ark LA, Sijtsma K., 2008. Multiple
imputation of categorica data using latent class analysis, Sociological
Methodology, 33: 369-297.

3 - Hunt L. and Jorgensen, M., 2003. Mixture model clustering for mixed data
with missing information, Comput. Sat. Data Anal.: 41: 429-440.

Rapp. Comm. int. Mer Médit., 39, 2010


http://www.tcpdf.org
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Abstract

A.R. Robinson was the pioneer of ocean mesoscale modelling and data assimilation. His extraordinary knowledge about ocean
mesoscal e processes, advanced technologies for monitoring and numerical modelling made it possible for operational oceanography to
emerge as a new science in support of the sustainable development of all marine activities.

Keywords: Circulation Models, Mesoscale Phenomena, Eastern Mediterranean

A.R. Robinson (1932-2009) was the founder of ocean forecasting, starting
from mesoscale modelling up to the development of the general methods for
ocean forecasting. He defined the three methodological phases for forecasting
mesoscale eddies in the ocean and carried out the experiments at sea and with
numerical models to demonstrate the effectiveness of the methodology [1].

Starting with the MODE and POLYMODE experiments in the 70's, he
showed that the ocean was dominated by mesoscale eddies 4-5 times the
Rossby deformation radius and that the energy and vorticity processes of this
flow field are characterised by frontal dynamics and baroclinic instabilities [2].
In 1983 he designed and carried out the first 'Real Time Forecasting
Experiment' in the California Current [3]. In the figure the principle of ocean
forecasting is summarized: collect synoptic data and produce an initia
condition as accurate as possible to control the error growth by intense
nonlinearities in the ocean [4].

California

o i

Fig. 1. The essential components of the first real time forecasting experiment
carried out by Robinson and collaborators in the California current in 1983 [3,
4]. The top of the picture shows the sampling pattern in a 150 x 150 kmsq
region which was repeated three times giving rise to data that alowed to
caculate the geostrophic streamfunction shown in the panel below. The
direction of currentsis shown by red arrows overlaid on the pictures.

Robinson devised the in situ data collection sampling methods and the
modelling tools at the same time, capable to forecast nonlinear ocean
mesoscale eddies up to few weeks in the future. His contribution to ocean
forecasting was even more important for the seminal work carried out at the
beginning of the eighties in understading and demonstrating the usage of
Geosat atimeter data for ocean forecast initailization, a crucial step for
operational oceanography [5].

At the same time he was thinking to demonstrate that forecasting was possible
in the Gulf Stream area, aregion extremely non-linear and ageostrophic so that,
if forecast would be successful, it would demonstrate that ocean forecasting is
possible everywhere in the world ocean. Again he invented a method to
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overcome the scarcity of data in this region: the feature model initializion
method that combines the oceanographic knowledge of the processes and
structures of the region with observations that are gappy and unfrequent. The
first successful forecast of Gulf Stream evolution and ring detachment was
then carried out in 1984 [6].

Meantime all these developments were undergoing in the Atlantic and Pacific
ocean he turned his attention to the Mediterranean Sea, preparing the ground
for the modern and scientifically based evidence of the large scale general
circulation of the Eastern Mediterranean Sea. He was the father of the
'Physical Oceanography of the Eastern Mediterranean-POEM' program that
lasted ten years and collected the first intercalibrated basin scale data sets at
0.5 degree resolution for the entire eastern basin. His description of the genera
flow field of the Eastern Mediterranean is a benchmark of our understanding
of the Mediterranean Sea circulation. It shows new structures and phenomena,
the sub-basin scale gyres instabilities, new eddy-gyres structures never
revealed before, recurrent eddies phenomena not yet fully understood. His
work pointed out the intense eddy dynamics of the South-Eastern Levantine
area [7], the presence of anticyclonic gyres that merge and enlarge, depicting
the intense quasigeostrophic turbulent cascade processes of this area[8]. After
this phase, as part of a general methodology for starting ocean forecasting
activities in the world ocean, he dedicated a major effort to implement ocean
forecasting in the Sicily Strait and lonian Sea, describing the dynamics of these
areas at unprecedented resolution and demonstrating the quality of forecasting
[91.
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Abstract

The surface circulation of the Eastern Mediterranean (EM) is studied using drifter data between 1990 and 2009, with particular
attention to the Sicily Channel, and the lonian and Levantine Seas. The drifter trajectories and the pseudo-Eulerian statistics computec
from them (maps of mean circulation and eddy variability) reveal strong quasi-permanent surface currents over the continental slopes
and in severa anticyclonic gyres. Seasonal and interannual variability of the surface currents is mostly evident in the Sicily Channel

and lonian Sea.
Keywords: Circulation, Eastern Mediterranean

Surface drifters of various designs have been operated in the EM since 1990 as
part of operational (military) and research programs to monitor the surface
currents and the sea surface temperature. The most common drifter designs are
the SVP and the CODE systems for which the water following characteristics
are good and quantified [1]. All drifters were located by, and transmitted data to,
the satellite Argos system. Recent models were also fitted with GPS receiversto
increase the position accuracy and sampling frequency. The drifter data were
processed and arranged in web-based databases under the MedSV P program. In
particular, the data used in this work were interpolated (kriging) and low-pass
filtered to exclude tidal and inertial motions. They were provided by a total of
487 drifters spanning the period January 1990 to November 2009 and
amounting to a total of about 91 drifteryears. The drifter data (Figure 1) show
the Atlantic Water (AW) entering in the Sicily Channel in two preferential
paths, one close to the Tunisian coast (the Atlantic Tunisian Current), the other
one located in the central and northern portion of the region, corresponding to
the Atlantic lonian Stream (AIS) [2, 3]. The surface currents are notably
influenced by the wind forcing, with enhanced AW flow into the EM during
NW Mistral winds prevailing in winter. This seasonality mainly driven by the
winds is aso evident in the southwestern lonian [3]. In the northern lonian, the
drifters indicate both seasonal and interannua variabitlities with (1) a mean
anticyclonic circulation dominating prior to mid-1997 and extending the AIS
towards the NE [4]; (2) a genera cyclonic circulation between mid-1997 and
1999, with the southern limb of the cyclone advecting AW towards the E in the
central lonian, and (3) alternating anticyclonic (cyclonic) circulation patterns in
summer (winter) in 2006-2007 [3].

Low-pass filtered drifter tracks
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Fig. 1. Composite diagram of al the low-pass filtered drifter trajectories in the
EM (excluding the Adriatic and Aegean Seas) between January 1990 and
November 2009.

East of 20°E, the eastward motion of AW takes places in the Libyo-Egyptian
Current (LEC) on the African continental slope and in the form of numerous
anticyclonic eddies created by the instability of the LEC (Libyo-Egyptian
Eddies, LEEs [3]), by the wind curl (lerapetra and Pelops Eddies) and by
topography. The northern limbs of some of these eddies in the open sea
correspond to the Mid Mediterranean Jet put forward by the Physical
Oceanography of the Eastern Mediterranean (POEM) project [5]. In the

162

eastern Levantine Sea, the Lagrangian data reveals a strong coastal/slope
northward current off the Middle East coast [3] along with several eddies
presumably created by the instability of the coastal current. In particular, recent
measurements in 2009 has confirmed the complexity of the surface circulation in
this region and the persistence of strong eddies between Cyprus and Israel. In
the northern Levantine, including the Cilician sub-basin, the drifter data are too
scarce to deduct robust and significative results on the surface circulation.
Pseudo-Eulerian statistics [2, 3] confirm the above results and provide a more
quantitative description of the EM surface currents in terms of mean flow
(Figure 2), eddy, seasona and wind-induced variabilities. Kinetic energy levels
of the mean (MKE) and fluctuating (EKE) components of velocity are high in
the major currents and eddies mentioned above, and in general the EKE tend to
exceed the MKE, indicating the predominance of the fluctuations with respect
to the mean.
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Fig. 2. Mean surface circulation of the EM based on the drifter data shown in
Figure 1 averaged in bins of 0.25° x 0.25°.
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Abstract

The analysis of a compilation of deep CTD cast conducted in the western Mediterranean from 1998 to 2009 have documented the
role that dense shelf water cascading off the Gulf of Lions plays in transporting suspended particulate matter from the coastal regions
down to the basin. Deep CTD casts revealed that after the 1999 and 2005-2006 major cascading events the Western Mediterranean
Deep Water was characterized by the presence of a thick bottom nepheloid layer that scaled in thickness with a thermo-haline
anomaly generated by the mixture of dense waters formed by deep convection at open sea and by cascading off the Gulf of Lions
shelf. The aim of this contribution is to characterize the observed bottom nepheloid layers and determine their spreading and residence

time in the western Mediterranean basin.

Keywords: Western Mediterranean, Hydrography, Sediment Transport, Gulf Of Lions

Suspended particulate matter in the oceans plays a key role as extractors from,
transporters through and sources to the water column of many major and minor
elements, being responsible for maintaining most oceanic chemical concentration
gradients [1, 2]. Particles are introduced into the ocean by biological production,
rivers, glaciers, wind and bottom sediments resuspension. Biological, chemical
and gravitational influences then act to remove particles from the water column.
These removal processes, however, occur on much shorter time scales than the
formation, movement or mixing of oceanic water masses. Particles, therefore, do
not act as pure conservative tracers of water masses. However, their presence
and concentration can indicate the location and intensity of oceanographic
processes, particularly those involving the resuspension of sediments in deep-
sea environments due to strong bottom currents, and be used as a tracer of water
motions [3, 4].

The northwestern Mediterranean is one of the regions of the world where
massive open sea dense water formation occurs because of cooling and
evaporation of surface waters during winter-time [5]. Concurrent with this
oceanographic process, coastal surface waters over the wide shelf of the Gulf of
Lions aso become denser than the underlying waters and cascade downslope,
usually through submarine canyons, until reaching their equilibrium depth [6].

Dense shelf water cascading (DSWC) can last for severa weeks and the
associated strong currents can induce erosion and resuspension of surface
sediments in the outer shelf/upper slope [7, 8] and, therefore, generate bottom
nepheloid layers (i.e. layers of water that contains significant amounts of
suspended sediment). Such layers can be detached at intermediate levels when
the density of the mixture of water and particles reach their neutral
buoyancy depth. In very dry, windy and cold winters, such as in 1999, 2005
and 2006, DSWC off the Gulf of Lions was exceptionaly intense and reached
depths >2000 m, evolving into athick bottom nepheloid layer that spread along
the lower continental slope and across the basin (Fig. 1).

The observed bottom nepheloid layers scaled in thickness with the thermo-
haline anomaly generated by the mixture of DSWC and dense waters formed by
deep convection a open sea, the later only bringing “blue water” free of
particles to the basin, being up to 650 and 1450 m thick after the1999 and 2005-
2006 events, respectively. Concentrations within the bottom nepheloid layer in
the central part of the basin were usually around 0.3 mg/l (i.e. 0.1 mg/l above
background levels), reaching higher concentrations close to the continental rise,
with near-bottom peaks up to 2 mg/l. These bottom nepheloid layers could be
observed to progress from the Gulf of Lions and Catalan margin towards the
central part of the northwestern Mediterranean basin, reaching south of the
Balearic Islands and west of Sardinia after the 1999 event, and covering the
entire basin after the 2005 and 2006 events. Thickness and concentration of the
bottom nepheloid layer diminished with distance away from their source and
also with time. The turbidity signal could be barely distinguished one year after
the 1999 event, but the one generated after the 2005-2006 events can be still
clearly detected, confirming that fine particles in dilute nepheloid layers can
have residence times of several years[3].
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Fig. 1. Vertical profiles of suspended sediment concentration (SSC) and o6 from
a hydrographical transect conducted across the Barcelona continental margin,
from 300 down to 1700 m depth on 24 March 2005. The inset map shows the
detailed location of the CTD casts.
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Abstract

ESONET is a Network of Excellence launched in March 2007 for 4 years (2007-2011) and coordinated by IFREMER. It involves 14
European countries, more than 50 institutions and SMEs, about 300 scientists, engineers and technicians. The network prepares the
technical specifications to implement a permanent observatory infrastructure in the deep ocean around Europe with the ability to
monitor a large range of physical, chemical and biological parameters. Amongst eleven key areas around Europe, four of them,
located in the Mediterranean zone will be presented. An overview of the possible infrastructure at European scale will be presented.
The conclusions will explain how this European observatory initiative is well integrated in a world wide “Deep sea observatory wave’.

Keywords: Open Sea, Sampling Methods

European Seas Observatory NETwork (ESONET, http://www.esonet-
emso.org) is a Network of Excellence (NoE) launched in March 2007 for 4 years
(2007-2011) and coordinated by IFREMER (France). ESONET involves 14
European countries, more than 50 institutions and SMEs, about 300 scientists,
engineers and technicians. Its budget is around 70 M€ as total cost, with a EU
grant of 7 M€.

The ESONET network prepares the technical specification to implement a
permanent observatory infrastructure in the deep ocean around Europe with the
ability to monitor a large range of physical, chemical and biological parameters
and to constitute a part of the marine branch of the global monitoring system of
the Earth. The ESONET observatories will provide information on global
change, warnings of natura hazards and a basis for sustainable management of
the European Seas. The NoE unifies the communities and prepares the technical
specifications of the seafloor and water column infrastructure that will be
implemented by the European infrastructure project EMSO (coordinated by
INGV). The NoE manages some common activities programs of members
organisations and the main part of the work is driven in the framework of
observatories Demonstration missions. Amongst networked tasks the most
important ones are:

- the establishment and the recognition of involved international groups per
site to prepare the implementation of Regional Legal Entities on the nodes of the
infrastructure (EM SO PP project),

- to update the scientific objectives relevant to deep sea observatories at the
top research level ([1]),

- the preparation of standardisation issues: sensor interface, sensor registry,
data management for instance ([2]).

- to build ageneral business plan to be updated according each ESONET node
and to prepare the implementation strategy,

- education, outreach and communication, for users, scientists, stakeholders,
students, customers.

Eleven key areas around Europe have been identified as specific targets selected
for relevant science programmes of potential hazards, geo hot spots, ecosystem
processes, and oceanography: Arctic ocean, Norwegian margin, Nordic Sea,
Porcupine Seabight and Abyssal Plain, MOMAR zone (Azores), Gulf of Cadiz,
Ligurian Sea, East Sicily, Hellenic node, Black Sea, Marmara Sea (figure 1). The
five former sites will be presented: scientific issues, infrastructure and their
possible future as deep sea observatory. The Ligurian site has aready been
described in a previous article ([3]) and some updates will be given. As it is
partly linked with the Antares neutrinos telescope and the KM3net project the
link with the Hellenic node will be explained. The Black Sea activity in
ESONET is still seldom. The East Sicily node is managed partly in the
framework of an ESONET demonstration misson named LIDO
(http://www.esonet-noe.org/main_activities/demonstration_missions). LIDO
raised from a need to understand more about the role of sound production and
reception in the behaviour, physiology, and ecology of marine organisms.
Anthropogenic sound, including sound necessary to study the marine
environment, can interfere with the natural use of sound by marine organisms.
The Marmara zone is one place where great ESONET activity takes place, in
the framework of an other Demonstration Mission, named MARMARA -DM,
focused on Seismic science. A specific attention will be paid on this
2 Mediterranean Demonstration missions and on testing operations to be
deployed on cabled sites.
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Fig. 1. Eleven ESONET nodes plus one testing site (Kosterfjiord)

Launched the 1st march 2007, great progress has been driven regarding all this
issues on the ESONET sites. Here will be presented an overview of the progress
made on Mediterranean sites and of the possible infrastructure at European
scale. The conclusions will explain how this European observatory initiative is
well integrated in aworld wide “ Deep sea observatory wave'.
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Abstract

Biologica and continental shelf pump play a major role in carbon cycling and sequestration in the intermediate and deep layers of the
sea. A state of the art numerical model of the Adriatic Sea general circulation is coupled with a biogeochemical model to study and
quantify these processes. Two scenarios are examined in detail: winter 2006/2007 and winter 2007/2008. In the former, mild weather
conditions did not trigger any relevant dense water flux, which, instead, has been measured for the 2007/2008 case study. The results
of the simulations show different biogeochemical properties and different air/sea CO2 exchange rates, both in good agreement with

experimental observations.
Keywords: Adriatic Sea, Carbon, Models

Marine systems play a crucid role in the global carbon budget, in particular,
the oceans are thought to absorb about 40% of the antropogenic CO, [1]. The
biological pump and the continental shelf pump are twoamong the
mechanisms that foster the transport of carbon in the intermediate and deep
layers of the sea (Fig. 1). The components of these processes are:

- primary production (PP) which uses the carbon (DIC) taken up through
air/sea exchanges;

- sinking of organic materia (POC);

- vertica transport of dissolved organic (DOC) and inorganic (DIC) carbon
through downward fluxes associated with dense water formation.
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Fig. 1. Simplified scheme of the biological and continental shelp pump

The Adriatic Sea is considered to be a key area for the sequestration of
atmospheric carbonin the interior of the Mediterranean Sea. This study
presents the results obtained by running a numerical model of the Adriatic Sea
for the period november 2006 - august 2008. The simulations, set up in the
framework of the VECTOR project, am at understanding the dynamics and
fluxes of the biogeochemical properties of the basin, paying particular
attention to the formation and transport of dense water masses (~7°C, 38 psu,
1030 kg/m3), which originate in the Northern Adriatic Seain winter and spread
southward along the basin. Model features can also help in investigating the
seasonal variability of the mesoscale structures and the effect of air-sea
interactions on the general circulation.

The simulations are carried out customizing the MITgcm, a three-dimensional,
finite volume, non-hydrostatic, general circulation model [2]. The physica
model is coupled with a medium complexity biogeochemical model specifically
developed for the Adriatic Sea [3] and a model which solves the carbonate
chemistry system [4]. The computational domain spans north of the Otranto
strait (from latitude 40.3° N to 45.9° N), with a horizontal resolution of 1/32°
(~3.4 x 2.4 km) and 51 unequally spaced levels. Initial and open boundary
conditions are obtained from the 1/16° operational model of the Mediterranean
Sea run by INGV. The main rivers flow rates are derived from in situ
measurements (when available) or yearly averages and are modeled in such a
way as to consider both the thermohaline and momentum contribution.
Surface atmospheric forcing is interpolated from high resolution atmospheric
models (ETA006 and ALADIN).
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The physical model reproduces the mesoscale seasonal variability correlated
with the thermohaline properties of the water column. Short term (few days)
response to the major atmospheric forcings (Bora and Scirocco wind) also
show a good agreement with experimental observations. The biogeochemical
model simulates carbon and phosphorus cycles paying particular attention to
production, sinking and recycling processes.

The integrated model has been tuned to reproduce several experimenta
observations related to different environmental conditions. In particular, two
scenarios are examined in detail: winter 2006/2007 and winter 2007/2008. In
the former, mild wesather conditions did not trigger any relevant dense water
flux, which, instead, has been measured for the 2007/2008 case study. For
both scenarios, the carbon budgets are estimated in three relevant sub-basins,
vertically organized as follows:

- northern continental shelf;

- central pits (subdivided into 2 sub-layers);

- southern pit (subdivided into 3 sub-layers).

The results of the simulations show different biogeochemical properties and
dynamics for each of the six boxes, and different air/sea CO, exchange rates,
both in good agreement with experimental observations.
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Abstract

This study investigates the response of the Atlantic inflow induced by atmospheric forcing in the Strait of Gibraltar during intense and
persistent easterly wind episode. The hydrodynamic response is successfully simulated using a high-resolution oceanic numerica
model forced by an atmospheric mesoscale model. Numerical simulations show the raising of the Atlantic-Mediterranean interface
along the Morocco’s northern coast indicating the development of upwelling in this area while the interface sinks down near the
downweling region in the south Atlantic coast of Spain. The joint action of the high atmospheric pressure over the Mediterranean and

the easterly wind drastically reduce the Atlantic inflow.

Keywords: Strait Of Gibraltar, Upwelling, Air-Sea I nteractions, Atmospheric Input, Currents

Circulation in the Strait of Gibraltar consists of severa concurring processes.
One of these processes is the direct action of the winds along the Strait.
Dominant easterly/westerly winds appear to originate upwelling/downwelling
phenomena, which subsequently will modify the circulation patterns and the
interface depth [1, 2 and 3]. It is known that under intense easterly winds
upwelling events occur along the Morocco's northern coast while the
downwelling is developed in the south Atlantic coast of Spain. Analysis of one
month numerical simulations between September and October 2008, coincident
with the GIBRALTAR-08 oceanographic survey period, were performed with a
two-dimensional, non-linear, two-layer, free-surface, boundary-fitted co-
ordinate, hydrostatic ocean model UCA2.5D [4] at grid resolutions down to 1
km, forced with the Fifth-Generation NCAR / Penn State Non-
hydrostaticM esoscale Meteorologica Model MM5 [5] fields. The atmospheric
model domain has been implemented for the Gibraltar Strait, covering the
Western Alboran Sea and small part of the Gulf of Cadiz, while the curvilinear
ocean model grid is limited to the Strait of Gibraltar and embedded in the larger
atmospheric model domain (see Figure 1 for details).

Simulations have been performed with three different forcing cases to determine
the response of the circulation patterns and the interface depth to the
atmospheric pressure and wind forcing separately. The first simulation was
performed by forcing the ocean model only with surface wind, the second
simulation included also atmospheric pressure forcing and the third one has been
obtained being forced by atmospheric pressure and surface winds. For the
validation process, the different outputs of the model have been compared with
a set ofin situ meteorological and oceanographic data collected during
GIBRALTAR-08 survey, which took place in the Strait of Gibraltar onboard
the R/V Sarmiento de Gamboa conducted during fall season in 2008.
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Fig. 1. Spatial coverage of the fine horizontal resolution (1 km in the whole
model domain and 0.125 km in the Strait of Gibraltar) ocean model grid (blue
box) and the 10 km horizontal resolution MM5 grid (red box).

Model simulations show that the effect of the easterly wind by itself is to
decrease the intensity of the Atlantic inflow and the interface depth.
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Nevertheless, considering the joint effect of the high atmospheric pressure in the
western Mediterranean basin, significant reductions in the Atlantic flow could
therefore reverse at the same time that the Atlantic-Mediterranean interface
raise, taking place the development of upwelling in the Morocco’'s northern
coast. The numerical solutions closely match the experimental results discussed
in[6].
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Abstract

The Palamés and the Cap de Creus submarine canyon heads were instrumented during two consecutive winters to study their
respective role in the dynamics of the sediment transport on the northwestern Mediterranean Sea. Several events of dense shelf-
water cascading (DSWC) were identified and compared among them. Sediment transport during DSWC at the Palamés canyon i<
significant during eastern and also northern storm events, but not related with river floods. However, the magnitude of transport events
in the Palamés Canyon is one order of magnitude lower than in the Cap de Creus Canyon.

Keywords: Sediment Transport, Continental Margin, Western Mediterranean

Submarine canyons incised in continental margins are meant to be preferential
pathways for the exchange of water and particles between the coastal area and
the open sea. Hydrodynamics and sediment transport processes in submarine
canyons depend upon several forcing conditions in the region such as genera
circulation, bottom morphology and atmospheric regime [1, 2]. The off-shelf
sediment transport through submarine canyons, due to storms and river floods,
can be significant and recently dense shelf-water cascading (DSWC) has been
identified as an important transport mechanism able to generate high sediment
fluxes in submarine canyons [3]. DSWC can transport large amounts of water
and sediment, reshape submarine canyon floors and rapidly affect the deep-ses
environment [4]. DSWC is seasonal, resulting from the formation of dense water
by cooling and/or evaporation over the shelf, and occurs on both high- and low-
latitude continental margins. The aim of this study is to determine the presence
of DSWC events at the Palamés canyon head during winter conditions, and to
compare these events with the contemporary ones recorded in Cap de Creus
canyon head.

The Cap de Creus Canyon, located at the northwestern Mediterranean Sea
belongs to a complex network of submarine canyons cutting the Gulf of Lions
continental margin. The Palamés canyon is located 20 km southward from the
Cap de Creus canyon. The head of both submarine canyons reaches the
continental shelf-edge by the 90 m depth contour, and the canyon rims are about
2 - 3 km away from the coastline (Figure 1). At the southern end of the Gulf of
Lions, storm-induced downwelling can be combined with DSWC and enhance
sediment transport through submarine canyons during winter-time [3]. The Cap
de Creus submarine canyon has been intensively studied during the past years
asit acts amajor transport conduit during DSWC events. On the contrary, little
information exists about the sediment transport processes operating within the
Palamés submarine canyon [5].

Observational work during this study consisted of a series of field
measurements carried out with two instrumented moorings during winters 2006-
07 and 2007-08 deployed at the heads of the Palamds and Cap de Creus
submarine canyons around 300m depth (Fig. 1). These moorings were equipped
with a current meter with temperature, conductivity, pressure and turbidity
sensors, placed at 5 m above the seafloor. Multibeam bathymetry from both
canyon heads was aso acquired and used to determine the canyon axis
morphology, which was considered to compute down-canyon fluxes. Forcing
conditions were obtained from oceanographic buoys and gaps in the wave height
and peak period time series were filled with models outputs. Daily river
discharges from nearby rivers were also analyzed.

Sediment transport events during winter 2006-2007 and winter 2007-2008 were
quite similar. Down-canyon current velocities >60cm/s were detected in the Cap
de Creus Canyon, and >40cn/s in the Palamés submarine canyon. Increases in
current speed were associated with subtle drops in temperature (~1 °C) related
to DSWC, and peaks of suspended sediment concentrations (SSC) of ~160 mg I
L in the Cap de Creus Canyon, and ~6 mg |1 in the Palamés canyon head. Two
eastern storm events that generated temperature and current fluctuations were
registered between 16t and 19th of February 2007 and between the 2nd and 5th
of January 2008. These storm events enhanced DSWC events at both submarine
canyons. A northern storm event on the 6t of March 2008 also occurred, but
only generated DSWC at the Palamés, and not at the Cap de Creus Canyon.

During the study period there was no relation between sediment transport
events and nearby river discharges. The amount of sediment transported during
the DSWC events is one order of magnitude greater at the Cap de Creus canyon
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than at the Palamés Canyon. This corroborates the idea that most of the off-
shelf sediment transport in the northwestern Mediterranean during DSWC
events occur at the southwestern end of the Gulf of Lions, through the Cap de
Creus Canyon [3, 4].
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Fig. 1. Location of the two moorings in the Palamés Canyon (PC) and in the
Cap de Creus Canyon (CCC).
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Abstract

In this paper the Tyrrhenian Sea surface circulation is investigated by means of lagragian and atimeter data. Respect to the traditional
cyclonic circulation, the analysis reveals a significant and unexpected complexity. The circulation is modulated by a series of
mesoscale/sub-basin structures, of both transient and semi-permanent nature. The pseudo-Eulerian statistics computed with the twc
datasets evidenced the representativeness of ajoint analysis of atimeter and drifter data

Keywords: Circulation, Remote Sensing
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analysis and on the computation of the pseudo- Eulerian statistics using the
same binning and space-time averaging for drifter and atimeter data.

Results and discussion

The analysis reveals a new more complex circulation pattern respect that
drawn in literature [3, 4]. In fact the cyclonic circulation is modulated by a
series of mesoscale/sub-basin structures, of both transient and semi-permanent
nature. These structures are particularly important in the southern region of
the basin where they overcome by far the mean flow pictures. The North
Tyrrhenian Cyclone (NTC) and the North Tyrrhenian Anticyclone (NTA) are
the main structures in the northern region of the Tyrrhenian Sea. In the south-
western side of the basin a double core cyclonic gyre is present that captures
the major portion of the AW entering in the basin. New structures of the
circulation are picked out in the southern region of the Tyrrhenian Sea as the
South Tyrrhenian Anticyclone (STA), between 12-13 E and 39-40 N, an
anticyclonic circulation near the northern coast of Sicily, and findly a gyre
having a cyclonic rotation offshore the Calabrian coasts.

The study of atimeter data has highlighted a certain degree of seasona
variability in the circulation pattern. The circulation structures present in the
western side of the basin are stronger in summer than in winter, contrarily the
circulation features in the south eastern region are more important in winter
than in summer.

The pseudo-Eulerian dtatistic computed with  drifter and altimeter
measurements has highlighted the sampling and dynamical differences between
this two dataset. The value of MKE is greater for the atimeter data than for
drifters, on the contrary the EKE energy levels computed from the altimeter
are lower than those obtained from drifters. To ascertain the consistency
between the Lagrangian measurements and the atimeter dataset, and to
evaluate if the observed differences can be related to different sampling
capability or dynamical processes, the pseudo-Eulerian statistics derived from
the drifters have been spatially smoothed and the atimeter data have been
resampled aong drifter trajectories. Altimeter data sampled over drifter
trajectories and the spatially smoothed pseudo-Eulerian statistics derived from
drifter have quite similar values of MKE levels of energy, but the variance
ellipses and the EKE levels are very different, in fact the levels of energy
computed from altimeter measurements are aways smaller than those from
drifters.

Therefore, it is possible to conclude that the standard interpolated products of
altimeter data lose a considerable part of the signal, even if they ensure awider
and more regular sampling than drifters.
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Abstract

The evolution of the Eastern Mediterranean Transient (EMT) to date has been documented in some detail. Presently, the deep waters
are still in atransient state, with salinity distinctly enhanced relative to the classical situation. It is argued that, because of this, of long
time scales of deep-water recirculation, and of expected climatic changes, transient conditions in the deep waters will prevail for a
long time, with even an uncertain outcome. This contrasts strongly with the quasi-equilibrium situation that prevailed during the pre-

EMT era.
Keywords: Eastern Mediterranean, Global Change

While our 1987 Meteor observations confirmed the classical view how the
thermohaline system of the Eastern Mediterranean operated [1], the 1995
cruise (both cruises under the POEM umbrella) revealed the entirely disturbed
situation [2] now known as the EMT. Dominant EMT features were a T-S
inversion in the deep waters and a highly increased sainity over much of the
water column, most strongly so below the inversion. A rather steady but far
more moderate salinity increase was found also prior to the EMT (Fig. 1).
However, T and S were always found to decrease with depth without any
positive evidence of an inversion. The evolution after 1995 was further
monitored by Meteor cruises in 1999 and 2001. The hydrographic
observations (by OGS) together with our own tracer data and much
information from other work revealed many remarkable features. One was the
Aegean dense-water outflow in 1993 averaging as high as 3 106 m3/s (3 Sv),
related to isopycnals being raised by several hundred meters. The density of
the Aegean-derived deep waters (referenced to an appropriate isobar) was
hardly different from that of the classical Adriatic outflow [3]. Presently the
deep waters are ill far from an equilibrium state, and how the Eastern
Mediterranean’ s thermohaline circulation will be organized in the long runisan
open question.
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Fig. 1. Eastern Mediterranean salinities below 2000 m depth, 1910 — 2001
(courtesy B. Klein). Much of the scatter in the early data is measurement
noise. The straight lineis alinear fit to the pre-EMT data since 1948.

In this context, | address a potential paradigm change: During the period
from the first observations (1910) up to the 1980s a quasi-equilibrium
prevailed, proving to be basicaly stable against whatever disturbances
occurred. The Adriatic acted as the principal deep-water source while the
Aegean added to its preconditioning [3]. The deep waters generated formed
one coherent cell of lateral spreading and upwelling. This structure was
completely disturbed by the EMT (since about 1990), with the Aegean
dwarfing the Adriatic as the deep-water source. It appears that the EMT was
aunique event, brought about by accidental coincidence of anumber of factors.
After 1995, decreasing density restricted the Aegean outflow waters to mid-
depths, which eventually enabled the Aegean to precondition the Adriatic
again. However, a further ingredient is inclusion of upwelling deep waters. As
its salinities distinctly exceed the pre-EMT values, the inclusion tends to raise
salinity and density of deep waters newly formed. Considering that deep-
water transports are governed by minute density differences, it is clear that
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such changes will modify the depths to which such waters penetrate and also
their circulation pathways. The sdlinity increase has been highest in the
Levantine deep waters, so that the effect will be strongest in the Aegean,
which might help inducing another Aegean event. Reaching the Adriatic
implies a delay on the order of 100 years [4], which, together with varying
pathways and assisted by the moderate deep-water volume relative to those of
the ocean at large, might induce oscillation. On such time scale, further salinity
enhancement will arise from the expected regional decrease in precipitation [5].
| conclude that the deep waters will continue to be transient for a long time,
and that even the outcome cannot be predicted with certainty.
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Abstract

This paper presents first author's concepts for fast in situ detection of sea level induced hazards (tsunami, seiche, extreme sea levels,
storm surge, extreme sea states, meteo tsunamis) and their implementation at sea level stations of MedGLOSS network. This is
accomplished viareal time low latency multi sensors (atmospheric pressure, wind, sea level) data gathering and by the processing and
analysis of the data, using a specially developed software package. The basic idea is based on gathering the sensors data for a number
of overlapping and time sliding windows of varying length and frequency and by analyses of cross correlations, trends, spectral and

cross spectral data analyses.

Keywords: Sea Level, Tides, Time Series, Sampling Methods, Instruments And Techniques

Introduction

The importance of rapid detection and aert of tsunamis for providing early
warning against such events has reached full recognition aready at the first
meeting of the Intergovernmental Coordination Group for the Tsunami Early
Warning and Mitigation System in the North Eastern Atlantic, the
Mediterranean and Connected Seas (ICG/NEAMTWS), because of the
relatively small size of the Mediterranean Sea and the implicit short warning
times for sites on its coasts. Along with the adopted decision for setting up a
multi parameters and multi hazard early warning system, detection of these
hazards using sea level monitoring sensors implicates continuous low latency
monitoring of the sea level surface elevation at selected sites. While typical
tsunami waves have wave periods from above 5 minutes to about 60 minutes
(at least in the Mediterranean), there are additional infragravity waves in this
wave period range of other origins which may superpose or be miss-identified
as tsunami waves. Such infragravity waves can be due to bounded wave
groups, as well as free waves such as edge waves, atmospheric pressure
fluctuations (meteo-tsunamis), wind gusts, etc. Within the list of other
hazards induced by sea level rise we may list flooding and/or coastal erosion
due to storm surges via wind induced set-up (usually associated also with
barometric lows), due to storm waves induced large superelevation within the
surf zone (growing towards a maximum at the waterline) and extreme spring
tides. Hazards due to sea level lowering, inducing coastal erosion and removal
of various types of debris from the land and foreshore are due to tsunamis,
while wind induced set-down or barometric highs may lead to navigation
problems. It is thus obvious that the monitoring of sea surface fluctuations for
the detection of tsunami waves must be capable to monitor at the same time
other types of sea level fluctuations due to non-tsunamigenic origin and for
this reason alow latency monitoring rate of the sealevel is compulsory.

Paper contents

The paper will discuss the following aspects:

a  Monitoring and proper identification methods of the type of sea level
hazard as a function of the location of the monitoring station (deep water,
transient depth, surf zone, inside a harbour).

b.  Present approach used for detection of tsunami waves in deep water for
early warning.

c.  The conceptua approach used for detection of tsunami waves in deep
water as well as near the shore, separately for each type of location.

d.  The sensors complementary to tide gauges, sampling rates and methods
of data processing for rapid identification of sealevel hazards.

e.  Conceptua approach used for rapid detection of the hazards, including
multi size and overlapping sliding data windows and the short term trend
analyses, identification of the infragravity waves due to bounded long waves
via Smoothed Instantaneous Wave Energy History (SIWEH) analyses (Funke
and Mansard,1979), run length (Battjes and Van Vledder, 1984), temporal and
spatial group steepness via Hilbert transform (Haller and Dalrymple, 1995),
etc.

f.  The approach chosen for the development of the special software
package for rapid detection of sea level related hazards using the low latency
data from submerged Paroscientific pressure sensor, Aanderaa wind station
and Setra barometer with which are equipped some of the rea time
MedGLOSS sea level stations selected for participation in the preliminary
NEAMTWS tsunami detection pilot network.

To enable the above concepts, firstthe MedGLOSS RT MONITOR
softwarereal time clock data gathering, analysisand rea time
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datatransmission was developed by the second author based on the
specifications of the first author, and implemented at a number of MedGLOSS
stationsusing the National InstrumentsLabView software development
packageand cRIO-9072 CompactRIO Controller and Chassis Integrated
System with WINDOWS XP PRO operating system.

Based on the low latency data gathered by the RT MONITOR software, a
sequence of windows of the data, covering overlapping and the sliding time
windows from 17 minutes to 1/2 day are used to for fast determination via
trend analyses, spectral and cross spectral analyses, correlation and other
statistical data analyses methods as indicated above, based on the observed
data, when such event is encountered and the sources leading to the fast sea
level changes (tsunami, infragravity waves, seiche, storm surge, etc.). Finaly,
in the case that such an event would be detected, a near real timewarning
communication via Internet will be generated.
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Abstract

Results are presented from two field experiments, conducted during winters 2007/8 and 2008/9, and modeling work focusing on winter
cross shelf and slope transport processes off the central Israeli coast. Our study shows that this transport is, apparently, driven by both
downwelling circulation off the Isragli coast and by the strong impact of the flow of the adjacent deep sea upon the flow over the
upper slope and over the narrow Isragli shelf due to the presence of an along-slope jet, open sea meanders, and eddies.

Keywords: Continental Shelf, Levantine Basin, Circulation

Results from two field experiments, conducted during winters 2007/8 and
2008/9, and modeling work focusing on winter cross shelf and slope transport
processes will be presented. Our study shows that this transport is
apparently driven by both downwelling circulation off the Israeli coast and by
interaction between the flow over the narrow Israeli shelf and that of the deep
sea. In comparison to studies of upwelling systems, downwelling driven
circulation has been relatively little explored in the world ocean. Moreover,
while modeling studies and a limited number of field experiments suggest that
flow dynamics in the deep sea have a strong impact on the cross shelf/slope
transport in the region, this has been only dlightly explored [1, 2].

Field measurements included extensive hydrographic surveys using vessel-
mounted and a vessel- towed ADCPs (acoustic Doppler current profilers) and
CTD (conductivity, temperature, depth) casts off the central Israeli coast
(depths from 10 to 800 m), long-term time-series measurements of water-
currents and thermal structure in the water column from bottom mounted
ADCP sites over the shelf (water depths of 25, 60, and 130m) and Aaanderaa
RCM7 current meters moored at a site on the upper slope (300 m depth).
Several thermistors were attached to the mooring line of the upper and shelf
break sites. These measurements were complemented by forecasts and
simulations using the Princeton Ocean Model (POM) with grid resolution of
1.25, nested within the eastern (ALERMO) and the genera (OGCM)
Mediterranean Sea models. This study is part of an ongoing US-Israel
Binational Science Foundation funded project, which also includes
microstructure and turbulent profile measurements aimed at combining the
meso-scal e and micro-scale transport and mixing processes.

The ADCP surveys revealed the tempora and high spatial variability of the
currents on the shelf and slope region with length scales of O(10-20 km),
accompanied by cross shelf transport due to the presence of eddies and
onshelf intrusions of deep sea meanders up to the inner shelf. They also
confirm the occasional existence of an aong-slope northward baroclinic current
jet during the winter season and provide important information about its
structure. The surveys, with the help of the modeling simulations, show the
along-slope jet to be part of the cyclonic jet following the eastern rim of the
Levantine Basin during and following the southeastern winter storms or as a
local intrusion of adeep sea current.

Measured velocities of the jet were relatively high with speeds as high as 1m/s
and the jet was found to interact with the upper slope to produce strong
northward currents close to the seabed. Data from the current meter sites
showed that the downwelling flow over the shelf and at the shelf edge was
mostly confined to the bottom boundary layer (BBL). This is believed to be
due to the presence of seaward Ekman veering of the velocity within the BBL
(vertical extent of 20-30 m) occurring during winter storms and during the
relaxation period after the storms. The seaward flow at the BBL over the shelf
break was found to be higher during the presence of an along-slope jet due to
the stronger velocities over the seabed.

A persistent characteristic of the currents over the shelf break was the increase
of current velocity with depth, resulting in a local maximum with speeds as
high as 1 m/s at the top of the BBL. Thislocal maximum is consistent with the
existence of significant horizontal density gradients observed over the shelf
break during the two winter experiments These density gradients were
accompanied by a deep density front on the upper slope during the presence
of the along-slope jet. Towards the end of the winter season the frontal jet
weakened and the water column at the 300 m site became mixed, allowing for
the strong upper layer currents to reach the bottom. Although the presence of

both the along-slope jet and the downwelling circulation were well simulated
by the numerical model, the strength of the jet was underestimated and the
model failed to reproduce the observed increase of the current speed with
depth over the shelf break.
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Fig. 1. Current vectors at -14 m from ADCP transects: 25 Feb 2009. Also
shown are the positions of the CTD stations during the cruise ( circles) and
fixed current mooring stations during 17 Dec 08- 31 Mar 2009 ( X ).
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Abstract

The paper investigates the changes in characteristics of the Atlantic Waters (AW) as they move eastwards aong the Egyptian coast
in the South-eastern Mediterranean. The study analyzed a long series of temperature, salinity and ot data, collected by severa
expeditions that were carried out by research vessels of different nationalities, including Egypt, during the period 1959-2008, averagec
for the winter and summer seasons. The paper also examined the long-term (50 years) changes that occurred in the characteristics of
the water masses off the Egyptian coast as a result of damming the Nile River in 1965 and the subseguent cessation of its discharge

into the Mediterranean.
Keywords: Eastern Mediterranean, Temperature, Salinity, Time Series

The long-term (1912-1971) time series of data on the Nile River discharge into
the Mediterranean before and after the construction of Aswan High Dam in
1964 showed that the average yearly discharge before damming was of the order
of 62 km3. The summer of 1964 witnessed the last normal Nile flood, which
was exceptionally high and reached 63.73 km3. From 1966 to 2007, the Nile
discharge remarkably decreased to a yearly average of 3.92 kmS. Moreover, the
annual cycle of the discharge has a so changed from July or August to the winter
months of December, January and February. Such a change in both the total
amount and pattern of fresh water discharge to the Mediterranean would
certainly affect the physical, chemical as well as the biological conditions of the
southeastern part of the Mediterranean Sea.

In winter, the surface water temperature varied between 16.6 and 18.5°C, with
slightly colder or warmer spots. The surface salinity changes between 38.60 and
39.30, with agenera trend of increasing eastwards. The most prominent feature
of the salinity distribution at the surface is the presence of a nucleus of salinity
> 39.00 that lies between longitudes 27-29°E. This nucleus is characterized by
low temperature (16.6°C) and high density 28.7s;. The above feature coincides
with the location of the well-recognized gyre known as Mersa Matruh gyre. In
summer, the surface water temperature varied between 22 and 28°C. The area of
slightly cold water is the area of the Mersa Matruh gyre. In order to study the
vertical space variability of the hydrographic parameters, the average winter and
summer values of each of the water temperature, salinity and density s were
presented on a vertical section taken paralel to the Egyptian Coast along
latitude 32°30'N and between 25°30" and 34°E longitudes.

Only one surface water mass could be observed during winter in the upper 200
m layer. This surface water mass is characterized by temperature values ranging
from 15° t017°C, sdinity maximum in the range of 38.90- >39.10 and
corresponding density values of 28.5-28.9 s. Three water masses could be
observed in the upper 250 m layer in summer, as follows:& nbsp; The surface
water mass, occupying the upper layer from 30 to 50 m depth, with
temperature values of 22° to 28°C and salinity 38.8 to 39.20. The subsurface
water mass with temperature values of 16° to 22°C and minimum salinity
(<38.60-38.80). This water mass is of Atlantic origin, characterized by oxygen
maximum of values >5.2 ml/l, and occupies the 50-150 m layer. Below this
layer, the Levantine intermediate water mass (LIW) of temperature <16°C and
maximum of salinity (38.90-39.10) is clearly identified. These water masses
were previously observed and discussed in detail by Said et al. [1]. Temperature
and salinity anomalies indicated increasing trends for both temperature and
sdlinity that reached 0.62°C/dec and 0.067/dec, respectively for the
Mediterranean surface waters, and 0.56°C/dec for temperature and 0.035/dec for
salinity for the Atlantic water (Fig.1).

Millot [2], using an autonomous CTD set at 80 m depth on the Moroccan shelf
to monitor the inflowing AW during the period 2003-2007, found that the AW
has encountered considerable salinification at the rate of about 0.05/yr, i.e. ~0.2
in the 4-year period of observation. The obtained results confirm that the
increase of temperature and sainity of AW with time are attributed to both
anthropogenic modifications, especially the Nile damming, and the local climatic
changes, which need further investigation.
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Fig. 1. Time series from 1958 to 2008 of (a) temperature and (b) salinity
for the Atlantic waters
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Abstract

Climate change is regarded as one of the major environmental and socioeconomic issues that Earth has to face. Maritime industry
contributes significantly to the globa greenhouse effect as shipping emissions are increased significantly with time. Efforts have to
focus on green shipping initiatives under an international and holistic approach.

Keywords: Atmospheric Input, Global Change, Pollution, Temperature

Nowadays, climate change represents one of the greatest environmental and
socioeconomic threats of Earth. It is the product of natural processes,
responsible for long-term climate fluctuations, and anthropogenic activities,
that over the past several decades had a rapid increase in globa average
temperatures. Human influences are related mainly to ozone layer depletion
and greenhouse effect reinforcement. There is a general tendency for a global
agreement to control climate change, reduce further human impact and find all
possible ways to achieve a reasonabl e adaptation to the current change.

Maritime industry has various environmental effects associated with the life
cycle of the ships, the construction and use of ports and the carried goods. It
affects the environmental quality of air, water and land. The most important
pollutants are carbon dioxide, nitrogen oxides [1], sulphur dioxide, heavy
metals, petroleum hydrocarbons, antifouling agents, particulates, invasive
species from ballast water discharges, various scrapping materias including
hazards. They are discharged from maritime traffic (cargo spills, oily bilge
discharges, ballast water, antifouling paints and sewage), port activities
(sewage, cooling waters, spills), solid waste (dumping), port construction and
maintenance dredging, shipyards and repairing zone. Often, they lead to
eutrophication, acidification and biodiversity loss. World maritime community
focuses attention on the importance of shipping safety, maritime security and
environmental health. Maritime industry has an effect to climate change
mainly due to the greenhouse gases emitted. Although pollutant emissions
from land based sources are gradually decreased, those from shipping are
increased. In the coming future the situation will be worse, if no action will be
taken, as transport at seaisincreasing by an annual 5% on average. Last forty
years, the world merchant fleet has grown by 70% while the transport has
almost tripled [2, 3]. Respective problems are more severe in coastal areas and
especialy ports. Dirty smoke pouring out from ships funnels has a major
impact on the air quality of coastal cities. Oxides emitted to the air are
responsible for the acid rain that affects seawater pH in the semi-closed water
basin of a port. The same does not apply to the open sea.

Considering the Mediterranean basin, the situation asks for an effective action
to be taken, as the sea is a mgjor oil transportation route. It is estimated that
each year, up to one million tons of crude oil from accidental spills, illegal
bunkering and tank cleaning practices, as well as inadequate harbour facilities
are discharged into the sea. The effects of the respective pollution are very
severe, as the Mediterranean, besides its rather small extent equal to the one
per cent of the world's marine areas it is regarded as the biotope of up to six
per cent of the total marine species, including some of the most endangered
ones.

However, it has to be mentioned that shipping is basically an environmentally
sound means of transport, able to carry large quantities of goods with a
relatively low energy demand. Emissions of air pollutants from ships can be
eliminated by applying engine technology innovations, using after treatment
techniques, burning better quality fuel. Both, the adoption of air pollution
prevention regulations and the application of economic tools will be very
useful. The general concept of the environmental status stabilization and the
further environmental quality improvement should also incorporate the general
public awareness of the issue. Current research focuses on green shipping that
considers limitation of ecosystem impacts from shipping activities, less fossil
fuel dependence, promotion of renewable technologies and limitation of safety
hazards. The matter asks desperately for an international as well as holistic
approach.

Maritime industry, due to its international character, needs a global agreement
to control its negative effects to the environmental quality. Such attempts
have been made in the Marine Environment Protection Committee of the
International Maritime Organization of United Nations. In addition, The
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European Union has also studied the various implications derived from an EU
co-ordinated action aiming to the reduction of air pollutants emitted from
ships.

Marginal external costs of air pollution from shipping can be estimated using
the impact pathway approach that traces emissions through dispersion and
environmental chemistry, exposure of sensitive receptors, impacts and
economic valuation using the willingness to pay approach. These estimates
could be very helpful especially as the contribution of shipping emissions to
trans-boundary air pollution impactsisincreasingly recognized.
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Abstract

The signal of Deep Water Formation (DWF) activity in winter 2009 has been tracked through the HydroChanges (HC) time series,
particularly in the classical MEDOC point (HCM: 42°N, 5°E) and on the Catalan continental rise (HCC: 41°28'N, 3°40.4’'E), and from
CTD data obtained during three cruises during 2009. The results pointed out to an absence of cascading and a new step towards &
salinisation of the WMDW newly formed by open sea convection in the western side of NW Mediterranean. The updated data revea
that older WMDW, slightly colder and less saline, has been displaced towards the SE. The sdlinity of the newly formed WMDW after
winter 2009 was ~ 0.005 higher than the previous one, with a potential density increase of 0.002-0.004 kg/m3.

Keywords: Deep Waters, Water Convection, Western Mediterranean

Introduction

A new structure of the WMDW since 2005 forming a‘hook’ in the 6S diagram
has been extensively described in recent papers and summarized in the CIESM
Monograph 38 [1], being one of the mgjor effects of what has been termed as
Western Mediterranean Transition (WMT). The structure of the WMDW
shows three water types: a8S minimum below the LIW, corresponding to the
WDMW before 2005, followed by a relative maximum of 6S and a new relative
minimum of 6S at the bottom. This three points, or water types forming the
'hook' structure will be named respectively as 'O, 'N' and 'C' as in [2]. This
presentation is devoted to the characteristics and distribution of the WMDW
newly formed in winter 2009. To avoid confusions, the whole structure of the
WMDW present before the 2009 modification will be indicated as PDW, and
the contribution of this year as NDW.

Data available and results

After two relatively mild winters of 2007 and 2008 with almost no activity of
DWF, HCM series from 2200 m depth, displayed an abrupt shift of S (+0.010)
and 0 (+0.040°C) between 13 and 15 February 2009 [3]. While® slowly
recovered the previous values, the S shift lasted at least until the end of May,
when the mooring was recovered. Data from the HCC site, at 1850 m depth,
showed similar shifts 5-6 days later (Fig.1). As in HCM, 6 progressively
recovered the old values and S was dlightly reduced during the next months, but
when the mooring was recovered in September, a difference of (+0.006) still
persisted. Therefore, the potential density of the deepest layer suffered an
increase between 0.002 and 0.004 kg/m® in 2009. Unfortunately no CTD probe
was available during the recovery operation to examine the hydrographic
structure above the mooring site.
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Fig. 1. 6S diagram of the HCC series

In both HCM and HCC moorings near bottom currents and turbidity were also
recorded. At the HCC site, the current was steadily slow (<10 cm/s towards the
south) until 19 February. Then it became unstable with some fluctuations that
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lasted one week. After this instability episode the current shifted towards the
SE during two weeks. After 7 March, currents recovered the southwards
direction but with much stronger velocities (>30 cm/s) up to 12 March when
slowed to <10 cm/s again. Suspended sediments were low except during the
acceleration period (8-12 March), being consistent with a signal of loca
sediment resuspension.

Data from CTD casts in the NW Mediterranean after this DWF period were
obtained in the framework of the FAMOSO Project in March (8-23), May (1-
13) and September (14-20) 2009. Although sampling in those cruises was not
dedicated to study the spreading of the newly formed WMDW (NDW), data
obtained can be suitable for this purpose as there were several deep casts
between HCM and HCC sites. The first CTD casts in March showed almost
homogeneous waters from 0 to 2400 m in front of the Catalan coast (41°30'N,
3°30'E) with6 and S corresponding to the NDW values observed in the HC
series. This NDW was present in several stations not only in March but also in
May and still in September, at least in the NW sector. The thickness of the
layer occupied by the NDW was higher (>300 m) in the stations located near
the continental slope, becoming thiner towards the east and south. Accordingly,
the whole PDW structure was displaced upwards and southeastwards.

Discussion

February 2009 has been much colder and windy than the two precedent yearsin
the western side of the Gulf of Lions and aong the Catalan coast. Northerlies
were very frequent and some of them were very strong (e.g. the storm of 4-7
March with sustained winds of 40 m/s). Under such atmospheric forcings a
response similar to that in winter 2005 could be expected, with strong
convection and deep cascading. However, there is no evidence of this latter
phenomenon in 2009, probably due to the water properties over the shelf at the
beginning of the stormy period. While autumn 2004 and winter 2005 were very
dry, autumn 2008 end winter 2009 were wet. Therefore salinity over the shelf
had to be much lower than in 2005 thus preventing an excessive increase of the
density. However, in open sea, the convection could be as active as it was in
2005 involving again important amounts of LIW over a large area, including
zones near the continental slope where WIW formation typicaly takes place.
For instance, the short time interval between the shift in HCM and HCC (less
than one week for a distance of >120 km), or the structure found in the first
CTD casts of the FAMOSO cruise in March, revea a probable local origin of
the perturbation. From now, the NDW reaching the bottom layer should mix
with the C water type of PDW near the bottom contributing to a new increase
of salinity in the bottom layer and pushing upwards, one step more, the O
water type (from before the start of the WMT in 2005). As these O waters are
located just below the LIW, afurther decrease of the sdlinity of the intermediate
waters reaching the western slopes can be expected in the following years, as it
has been observed in the MOW at Gibraltar after the WMT.
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Abstract

The relation between East Mediterranean Transient (EMT) and deep water formation in the Aegean Sea is studied using the last twa
decades of infrared satellite data, available hydrological data and a theoretical model based on the dynamics of density currents
crossing and outflowing from a strait. The results of this analysis were then interpreted in the light of the simulations produced by a

numerical model for the last 40 years.
Keywords: Deep Waters, Aegean Sea

Dense water formation processes play a fundamental role on the
thermodynamics of the Mediterranean Sea. Such processes in the Aegean Sea
are known from a very long time. Lacombe et al. [1] stated how the North
Aegean very dense waters are probably renewed by the dense waters formed
in wintertime in the gulf of Saros. Miller [2] reported deep temperatures from
10.0 to 14.5°C which, together with the high salinity, made this sea
particularly interesting on thermodynamic grounds. EI-Gindy and EI-Din [3]
estimated that about 50% of the dense waters in the Cretan Sea were
originated in the Mount Athos region. Recently such processes received a
remarkable attention as main sources of the Eastern Mediterranean Transient.
During the CIESM Workshop on Dynamics of Mediterranean deep waters
(Malta, 27 - 30 May 2009, published as CIESM Monograph 38), among other
fundamental points attention was focused on the origin of this EMT. Some
further analyses were therefore suggested as a detailed investigation about the
dense water formation regions as the Cretan Sea, the Turkish shelf (Limnos
Plateau) or the Northern Aegean (Samothraki Plateau). We therefore analyzed
historical satellite images (year 1985-2009) of the whole Mediterranean Sea
comparing sea surface temperature anomalies of the Adriatic Sea with the
corresponding ones observed in the Aegean Sea. SST maps where kindly
provided by the GOS laboratory of ISAC/CNR in Rome
(http://gos.ifarm.cnr.it).

Then we used the available hydrologic data of the Aegean Sea to validate the
results of such satellite comparison . We so obtain a yearly estimate of the
dense water production of these two very thermodynamic seas, to check the
original estimate of EI-Gindy and EI-Din [3]. One has to remark a
fundamental difference between the Adriatic (with a rather simple and flat
morphology) and the very complex Aegean sea bottom. There are some
depressions, as the North Sporades Basin (~ 1500 m maximum depth), the
Mount Athos Trough (~ 1000m maximum depth) and the Trough between
Samothraki and Limnos (~ 1600 m maximum depth) in its northern part only,
that can play the role of dense water reservoirs. These estimates are compared
with results of recent numeric experiments [4] that interestingly evidence the
role of the northern Aegean shelf dense waters on the basin thermodynamics
and the importance of the Eastern Mediterranean Transient. Comparing
numerical and satellite data we focus our attention on the possibility that
similar but less intense outflows from the Aegean could have happened
previously in the past. We finaly study the effect of a novel version of the
classical Bernoulli suction that takes into account entrainment and bottom
friction [5] to emphasize outflow from a marine strait, as Antikithira, Kithira
and Kassos [6].
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Abstract

A surface buoy has been designed to measure temperature and salinity with high accuracy and transmit the data by satellite for along
period of time in studies of mesoscale or long scale oceanography. Prototypes have been built and tested in two different versions: ta
collect data close to the surface or a a depth of 100-150 m depending on the objectives of the experiment. These buoys are mainly
used for Lagrangian measurements after being released from a vessel, although long duration tests have also been made with moored

units mainly in the NW Mediterranean.
Keywords: Salinity, Temperature, Instruments And Techniques

Measuring oceanographic variables, mainly temperature and sdinity, from
drifting buoys is an important component in many process studies or long
duration ocean circulation observations. Nowadays several kinds of buoys are
manufactured to operate as surface drifters or profiling floats. But in both
cases no commercia versions exist that provide sufficiently reliable salinity
data close to the surface, since the occurrence of biofouling (in surface buoys)
or the risk of surface particles being ingested into the measuring circuit (in
profiling floats) can easily degrade the accuracy of recorded data.

The Ingtitut de Ciéncies del Mar (CSIC, Barcelona), as contribution to two
different research projects (MIDAS, Microwave measurements and algorithms
development for the SMOS mission, and CANOA, Upwelling current in NW
Africa), has developed and further tested a platform to record oceanographic
parameters and transmit them in real time. The main characteristic of the
platform isits modularity and versatility.

The support structure is a 380 mm diameter buoy formed by two semispheres
injected in propylene charged with glass fibre. The two halves are fixed
through 24 points and an o-ring gasket to ensure water-proof sealing. Two
eight-pin communication connectors can be adapted to each semisphere. The
overall structure has been tested for pressure and confirmed a good behaviour
up to 7000 hectopascals. To adapt the temperature-salinity (T, S)
measurements probe an inox structure was added to the buoy with four union
points and a support for the instrument (Fig. 1).

Fig. 1. Moored version of the buoy with the inox structure to attach the
SBE37S| probe

This buoy has been used both in Lagrangian studies, transmitting data while
drifting, and in Eulerian studies, moored in a fixed point. The Lagrangian
version uses the same mechanical configuration than the SVP (Surface Velocity
Program) drifter [1] adopted as standard by the World Ocean Circulation
Experiment, it was deployed in the second cruise of the CANOA project in
November 2008. Several configuratios were tested and one of them succeeded
to record a surface (T, S) time series for over ayear, this buoy still drifting and
transmitting (T, S) data in early 2010. For Eulerian measurements one buoy
was moored during 2007 and 2008 in the Medes islands, a small coastal
archipelago in the NW Mediterranean, with very good results in terms of
batteries duration and sensors stability. At present two units are moored in
Las Cruces, Chile (September 2008, LINCG-Globa project) and one in
Colima, Pacific coast of Mexico (May 2009, EMPAM project).
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Fig. 2. Preliminary prototype of the drifting buoy with an additional flotation
in the line that connects to the standard cyclindrical drogue

The control electronics is formed by a Microchip 16F876A microcontroller
that manages the data acquisition, implements a compression algorithm and
sends the information to a SEIMAC X-CAT transmitter. The platform can
adapt transmitters for the Orbcomm and Global Star systems, plus Argos that
is the one now implemented. The system incorporates supercapacitors to use
low cost batteries and to avoid sudden power decreases due to high energy
consumption in short times (1 A during transmission).

The units built until now use a SeaBird microcat CTD probe, model SBE37SI.
This instrument has a temperature drift of 0.0002°C/month and a conductivity
drift of 0.0003 S/m/month. The designed buoy can use any other sensor able
to send data through a seria port, and can be also adapted to record analogic
information.

This technological development has been mainly funded by the Spanish
National R+D Plan through projects CANOA (CTM2005-00444/MAR) and
MIDAS-4 (ESP2005-06823-C05). J. Savador and P. Fernandez acknowledge
the support of the technicians formation program of the Spanish Ministry of
Education and Science/ Ministry of Science and Innovation.
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Abstract

Increases in sea surface temperatures (SSTs) have been recorded to occur globally, with the Mediterranean SSTs rising about twice
as much as those of the globa oceans. Here we analyse and compare satellite remote sensing SST data with in-situ data for the
period 1996-2009 in the Levantine Basin. Further, temperature and salinity profiles from oceanographic cruises in this region were
extracted from various databases, in order to study the interannual variability at the surface layer (0-10m). We show that the
Levantine Basin has undergone SST as well as sea surface sadlinity (SSS) increases, during the last 14 years, occurring at both
interannual and seasonal time scales. The driving mechanisms of these changes need to be investigated, as they may be driven by
changesin latent heat losses and by the variability in regional wind speeds.

Keywords: Surface Waters, Temperature, Salinity, Remote Sensing, Levantine Basin

Preface

The redlity of global warming since the industrial erais manifested in part by
changes in global surface temperatures. Past studies have documented global
SST increases between 0.3°C and 1.0°C over the last millennium [1], with the
most rapid warming occurring over the past 30-40 years [2, 3]. Regional SST
increases have also been reported in the Mediterranean for each of its two
basins [4, 5]. Overall, SSTs across the Mediterranean as a whole have been
rising about twice as much as those of the global oceans [6].

Results and Discussion

Analyses of annual mean SST data indicate that over the last 14 years (1996-
2009) a general warming has occurred over the Levantine Basin, and occurred
at an average rate of approximately 0.05°C per year. This increase in average
SSTs is aso seen in the seasonal averages, especialy during the summer.
Spatial variability in the decadal warming is depicted in the SST anomalies,
with positive anomalies dominating most of the Levantine during the later part
of the 14-year time period. An area southeastern of Cyprus is seen during
some years to be warming up much more strongly than the rest of the
Levantine Basin. This area corresponds with the Cyprus warm core eddy [7].
Empirical Orthogonal Function (EOF) analysis was performed on the seasonal
SST data to examine their spatial and temporal patterns of variability, as well
as on the annual data. The spatial eigenfunctions of mode 1 show that the
seasonal and annual SSTs across the entire Levantine share high positive
eigenfunctions and thus varied in a spatialy coherent manner over time.
Therefore, the SST variability is characterized by a broad, basin-wide warming
(mode 1). The seasonal principal component (PC) of the same mode (PC1),
which depicts the time variation of the first mode, varied over the years
supporting the fact that the Levantine is experiencing a strong seasonal cycle.
The PC1 of the annual data supports the fact that higher than average SSTs
were observed across the Levantine during the later part of the 14-year time
period. An asymmetry in the N-to-S direction is depicted in the spatial
eigenfunctions of mode 2. Areas in the northern Levantine are out of phase
from areas in the southern parts of the basin, creating a dipole pattern of
heating and cooling at interannua and interseasona time scales. Analysis of
the in-situ SST and SSS data does not revea any time-scale patterns.
However, the pattern of in-situ SST variability is shared by the patterns of
SSS. Further, satellite SST data are strongly correlated with the in-situ SST
data. The driving mechanisms of these changes need to be investigated, as they
may be driven by changes in annual latent heat losses and by the variability in
regional wind speeds. Findly, it will be valuable to investigate future trends in
SSTs to determine whether the observed patterns of SSTs represent a
continued pattern of persistent warming or a new direction for an ever-
changing Levantine Basin.

References

1 - Sdinger M. J., 2005. Climate variability and change: past, present and
future - An overview. Climate Change, 70: 9-29.

2 - Casgy K.S. and Cornillon P., 2001. Global and regional sea surface
temperature trends. J. Clim., 14: 3801-3818.

3 - Trenberth K.E., Jones P., Ambenje P., Bohariu R., Easterling D., Klein
Tank A., Parker D., Rahimzadeh F., Renwick JA., Rusticucci M.M., Soden
B. and Zhai P., 2007. Observations: Surface and atmospheric climate change.
In: Solomon S., Qin D., Manning M., Chen Z., Marquis M., Averyt K.B.,
Tignor M., and Miller H.L. (ed.), Climate Change 2007: The Physical Science

177

Basis. Contribution of Working Group | to the Fourth Assessment Report of
the Intergovernmental Panel on Climate Change. Cambridge University Press,
Cambridge, U.K. and New York, NY, USA, pp 235-336.

4 - Bethoux J.P. and Gentili B., 1999. Functioning of the Mediterranean Sea:
past and present changes related to freshwater input and climate changes. J.
Mar. Syst., 20: 33-47.

5 - Tsimplis M. N. and Rixen M., 2002. Sea level in the Mediterranean Sea:
the contribution of temperature and salinity changes. Geophys. Res. Lett., 29:
51.1-51.4.

6 - Samuel-Rhoads Y., Monger B.C., Zodiatis G., and Greene C.H., in prep.
Sea temperature rise in the Mediterranean Sea during the past two decades.

7 - Zodiatis G., Drakopoulos P., Brenner S., Groom S., 2005. Variability of
the Cyprus warm core Eddy during the CY CLOPS project, Deep Sea Res. |1,
52: 2897-2910.

Rapp. Comm. int. Mer Médit., 39, 2010


http://www.tcpdf.org

SUBINERTIAL VARIABILITY OF THE EXCHANGED FLOWSAT THE WESTERN EXIT OF THE STRAIT OF
GIBRALTAR

A. Sanchez-Roman 1, J. Garcia-Lafuente 1, F. Criado-Aldeanueva l, J. Delgado 1, J. M. Vargas 1, J. Soto-Navarro 1, J. C. Sanchez-
Garrido 1, C. Naranjo 1* and C. Calero !
1 physical oceanograpy Group. University of Malaga. Malaga, Spain - cristina.naranjorosa@alum.uca.es

Abstract

Four year-long time series of Acoustic Doppler Current Profiler (ADCP) observations at a single station in Espartel sill have been
analysed in order to investigate the subinertial flows through the Strait of Gibraltar. Estimated net flow at the western exit of the Strait
has been compared with atmospheric pressure over the north eastern Atlantic (parameterised by the NAO index) and sea level
pressure and wind-stress in the western Mediterranean. The main driving force is the atmospheric pressure over the Mediterranean
Sea, although wind stress in the Atlantic side of the Strait may contribute appreciably to subinertial net flow.

Keywords: Atmospheric Input, Western Mediterranean, Water Transport, Strait Of Gibraltar

The western Mediterranean Sea is dynamically connected to the Atlantic
Ocean through the Strait of Gibraltar. The excess of evaporation (E) over
precipitation (P) and river runoff (R), together with the conservation of mass
and sdlt in the Mediterranean basin drive the two-layer baroclinic exchange in
the Strait. This exchange has been traditionally described as an inverse
estuarine circulation [1] with an upper flow Qq of about 1 Sv (1 Sv = 108 m3
s1) of fresh (Sy~~36.2) and warm Atlantic Water spreading into the
Mediterranean basin, and a lower flow Q, of relatively cold and salty (S~
38.4) Mediterranean Water. A long term barotropic flow Qg = Q1-Q, of the
order of 0.05 Sv is necessary to balance the water deficit (E-P-R) of the
Mediterranean Sea. The exchange is not steady but highly variable. According
to the timescale of the process under study this variability has been
traditionally classified into tidal, subinertial and long-term (seasonal and
interannual). Subinertial flows, with periods from a few days to a few weeks
or months, are mainly driven by meteorological forcing [2, 3] and are related to
atmospheric pressure fluctuations over the western Mediterranean [4]. These
flows are mainly barotropic (depth independent) although a baroclinic
contribution can be identified due to the effects of local winds over the Strait.

In this work, ADCP velocity records collected over Espartel Sill (ES) are used
to investigate the subinertial fluctuations of the exchanged flows at the
western exit of the Strait of Gibraltar. Data from ES are the most recent
recorded in the Strait. This station was placed at 35° 51.70'N, 5° 58.60'W in
September 2004 and it is still acquiring information so five year-long time
series are now available, this making the analysis of the flow seasondity a
feasible task. A four year-long subset (from September 2004 until January
2009) has been used in this work. The ES station is part of the Spanish-
funded INGRES project. The two-layer character of the exchange requires an
interface definition to compute the transports. The easier and more obvious
definition (after removing tidal fluctuations, which distort the two-layer
exchange during part of the tidal cycle) is the surface of zero along strait
velocity that separates water flowing into the Mediterranean and water
flowing out. Subinertial velocities only reverse in very exceptional situations
of extreme meteorological forcing. On the other hand, seasonal and interannual
variability are aways too weak to reverse flows. Therefore, the surface of null
along-strait velocity is appropriate to carry out an analysis of the two-way
exchange at subinertial frequencies [3]. ADCP data from ES were used to
compute the Mediterranean outflow (more details in [5]) whereas the net flow
(and hence the Atlantic inflow) were estimated from a mass-balance over the
Mediterranean. Finally, atmospheric pressure and wind stress observations
collected both in the Alboran Sea and the Strait of Gibraltar have been used
together with the NAO index in order to analyse the response of the
exchanged flows to the meteorological forcing and its seasonality.

The net flow has a mean value of 0.04 Sv at it presents a seasonal signal of
around 0.04 Sv amplitude with maximum in September and minimum in
March, similar than that obtained by [3] in the eastern Strait. The time-
averaged Mediterranean outflow is-0.77 Sv with a maximum (absolute) value
in April and minimum in November [5] (seasona signal of 0.025 Sv
amplitude). The Atlantic inflow was eventualy estimated from both
transports. It presents a mean value of 0.81 Sv with seasonality quite similar
to that of the net flow. Meteorologically induced net flow fluctuations are
chiefly driven by atmospheric pressure changes over the Mediterranean Sea
showing a negative correlation that turns positive for the Mediterranean
outflow due to the baroclinic response of the exchanged flows. Wind stress
must be also taken into account since it may appreciably contribute to
subinertial net flow.
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Abstract

The SESAME-1T4 cruise covered a large area of the Western Mediterranean Sea characterized by strong gradients. On the basis of
satellite images and physico-chemical properties different regions were individuated. These regions showed also different
biologica populations. These data underline that DOC plays an important role in carbon fluxes in the Mediterranean Sea.

Keywords: Carbon, Organic Matter, Western Mediterranean, Surface Waters, Nutrients

The Western Mediterranean Sea is an area characterized by the strongest
gradient observed in the whole basin. The analysis of the ten years
climatological map of chlorophyll a shows that SESAME-IT4 survey covered
regions characterized by very low Chl a concentrations exhibiting a sub-tropical
regime (no bloom), as well as areas with maximum Chl-a concentrations (the
Gulf of Lions), where intense blooms are observed [1]. The cruise was carried
out in March-April 2008, which is the period characterized by the maximum
biomass accumulation. Main goal of the survey was to get information on the
functioning of different trophic systems in terms of biomass, nutrients, carbon
accumulation and/or carbon export. Satellite images confirmed what we expected
from the literature (high gradients and strong biomass accumulation). In
particular the occurrence of strong variability and intense mesoscale activity was
observed as well as an extended bloom in the northern part (> 40°N) of the
study area. Another feature that emerged from satellite images is the occurrence
of an anticyclonic eddy in the central part of the study area (S-1T4-008). In situ
data evidenced that in the northern stations (>40 °N) water column was well
mixed and the chimney of winter convection was still visible; in contrast in the
southern stations, stratification was more pronounced. The evaluation of the
residual nutrients confirmed that the bloom in the Gulf of Lions was still in
progress.
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Fig. 1. Phytoplankton abundance and composition at the surface (5 m),
superimposed to the map of sampling stations. The black diamonds indicate all
the sampling stations (CTD, DOC, O,, Nutrients), the black squares indicate
the stations where biological parameters (phytoplankton, mesozooplankton,
bacterial, abundance and composition) were also measured.

Phytoplankton abundance and composition showed that small flagellates
dominated everywhere and that the composition was different between the
northern and the southern stations with a higher percentage of diatoms (small
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non-colonial species) in S-1T4-0015 and S-1T4-017 (Fig. 1). In the
microplankton fraction (cells> 20 pm) collected by net samples, Silicoflagellates
dominated at S1T4-017 and S-1T04-015, where the highest abundance of
nanoplankton was also observed (Fig. 1). Mesozooplankton communities were
numerically dominated by copepods in the whole area, but at S-1T4-015 salps
also occurred with high abundance. These pelagic tunicates play an important
role in C export, due to their high reproduction rates, efficient feeding on
particles in a wide size-range, and production of large and fast sinking fecal
pellets. The northern stations were also characterized by the highest bacterial
abundance (14.1x 10° cells mL"1) about twice that found below 41 °N.

Tab. 1. Integrated average in the layer 0-100 m for PO4, NO3+NO,, POC and
DOC. Theratio C.N and C:P were caculated by using the integrated average.
PO, NOs#NO, POC POM POM DOC DOM DOM

Station
1M M M C:N CcP 1M C:N C:P
S-T4-008 0o 07 3.804 7 182 72 13 529
ST4-013 015 381 2.971 8 209 54
SAT4-015 010 361 5.430 7 142 53 12 296
ST4-017 010 370 4.634 5 106 55 - 306

Despite the marked difference in biomass, POC fluxes were 70 mg C m2dlin
S1T4-017 and 38 mg C m2 d'1 in S-1T4-008. A large gradient was observed in
DOC, with a minimum (49 mM) in areas with a well mixed water column, a
maximum (72 pM) at S-1T4-008 and vaues of 53-55 pM at the other stations
(Tab. 1). As it is very probable that DOC production was very high in the
northern stations, the low values observed there can be explained to some extent
by the mixing and by very fast consumption due to the production of labile
material and/or to a high efficiency of microbial loop. One interesting feature is
that the C:P ratio in both POM and DOM was clearly affected by the trophic
regime: low C:P ratios were found where PO, was available, suggesting the
occurrence of POM and DOM rich in P and hence a less extent of P recycle; in
contrast, in conditions of P limitation (S-1T08), most of the P available in the
POM and DOM was efficiently used, resulting in higher C:Pratio (Tab. 1). The
S-1T4-08, shows a peculiar behavior: here the nutricline was located at 150 m
and the highest DOC concentrations were found (72 uM). TS properties
evidence the presence of a different water mass, likely isolated by surrounding
waters by the anticyclonic circulation. The low nutrients concentrations, the
low biomass, the high C:P ratios in both POM and DOM and the high DOC
concentration, al indicate an advanced stage of seasonal cycle. The accumulated
DOC plays an important role in carbon fluxes because it can be transported
below the mixed layer when the thermocline breaks. A rough estimate of the
relevance of such transfer suggests that, in the Mediterranean Sea, the role of
DOC in C export iscomparable to that of POC .
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Abstract

HYDROCHANGES is an international program supported by CIESM (www.ciesm.org/marine/programs/hydrochanges.htm) initiated
in 2002, to monitor the long-term variability of hydrographic properties of Mediterranean water masses — a priority in the context of
globa warming. We present an overview of the most recent observations and attempt to link the different time series.

Keywords: Hydrology, Time Series, Monitoring

HYDROCHANGES (HC) is a network of continuous, long-term measurements
of temperature (0) and salinity (S) in the Mediterranean. The HC monitoring
strategy is based on permanency, to address the long-term variability, key sites
to address specific processes, simplicity of logistics with alocal management and
short shiptime requirement for maintenance, and simple instrumentation (short
moorings generally a few meters above the seafloor, supporting self-contained
quality CTDs). Moorings are located in key places (Fig. 1) to track the signals
indicative of specific processes driving the Mediterranean functioning,
especidly in straits and channels and in regions where dense water formation
(DWF) occurs, either open-sea convection or shelf cascading. Data sets (Fig. 2)
have been aready widely exploited, aso linking them with repeated CTD
sections[1, 2, 3, 4,5, 6].
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Fig. 1. Present status of the network and involved institutes.

There are some evidences of interannual 0 (and S) increases (e.g., Fig. 2a, 2c and
2g), but the HC time series are too short yet to address issues on long-term
variability. Nevertheless, they have demonstrated their relevance to accurately
detect effects of DWF processes. This is particularly evident in the NW basin,
showing the succession of offshore convection and shelf cascading in early 2005
and 2006 (Fig. 2). The mooring time series in the lower Catalan continental
slope (Fig. 2g) recorded with unprecedented details the succession of episodes
contributing to DWF in 2005: the arrival of open-sea convection water (positive
jumps of 6 and S in late January), the shelf cascading water (drop in 6 and Sin
early March), and a warmer and sdtier situation after April. Such a succession
of events was recorded in 2006 too, while in early 2009 only signals pertaining
to a less intense open-sea convection were recorded. The mooring at 42°N-5°E
(Fig. 2f) also shows DWF in 2009, one week earlier, with an abrupt positive
jump in 6 and Sin late February. The parallel marked increases of 6 and Sin the
Sardinian Channel (SC) since summer 2005 (Fig. 2c) are likely to contain the
remote signal of what happened in the northern part of the basin, with the new
deep water slowly passing through the channel to reach the Tyrrhenian.

The various time series at Gibratar (Fig. 2h) provide an insight in the
interannual and seasonal variability of the outflow [3, 5] and inflow [4]. The
latter has to be considered for DWF issues, as [4] reported a huge S increase
(0.05/year) in the inflow between 2003 and 2007. In the outflow, the significant
6 drop in March 2005 and 2006 might be directly related to a possible rapidly
propagating barotropic response of DWF [6]. The monitoring of the Sicily Strait
(SS) and the Corsica Channel (CC) is a fundamental task for the quantification
of the highly variable heat and salt import from the Eastern Mediterranean,
through the Tyrrhenian Sea, towards the western DWF sites (Fig.2b and 2d).

To improve HC we must add moorings in other key regions which are not
currently monitored and add supplementary sensors to the CTDs (pressure
systematically, oxygen and turbidity recommended). The complementary use of
moored CTD vertica profilers would be a great asset, especialy in the DWF
areas. It requires also the dissemination of common practices (sampling
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frequency, processing, calibration frequency, archiving) and the set-up of aHC
database and meta-database. The common access to al time-series would
support efforts for linking the signals observed in both basins and at their
connecting points, in order to get the comprehensive picture of the functioning
of the Mediterranean. While it is likely to remain a long-lasting challenge, the
precise monitoring of the 6 and Sis aready providing reference data.
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Abstract

Oceanography is mainly an observationa science where direct controlled experiments are hardly feasible. In the past some tracer
release experiments have been carried out, that allowed to keep track of water parcels using stable compounds, in a classical
lagrangian approach. Recently, intense deep water formation events in the western Mediterranean have produced high volumes of &
new deep water, significantly warmer, saltier and denser than previously. These peculiar characteristics are mixing very slowly with
the surrounding water and are still detectable in the whole basin. Thus, there has been a natural tracer release event where the tracer
is temperature, or salinity, and for the first time we can track the evolution of the new deep water with standard CTD profiles, along

its route from its formation region toward Gibraltar.
Keywords: Deep Waters, Western Mediterranean, Circulation

Since 2005 the deep waters of the western Mediterranean Sea (WMED) have
experienced significant physica changes, which are likely to be caused partially
by the Eastern Mediterranean Transient (EMT). This connection between the
two basins, where one anomaly induced the other one decade later, may be a
considered as a Mediterranean Sea Transient, MST [1].

The major change involved a change in the deep stratification, with an abrupt
increase of temperature, salinity and density in the deep layers of the whole
western basin [2]. The sharp signature (Fig. 1) provides for the first time the
possibility to unequivocally identify the deep water formed during one specific
winter throughout the basin, using only CTD data.

Repeat stations measured from 2005 to 2009 in wide regions of the WMED give
the chronology of the new deep water spreading from its formation region
towards Gibraltar and towards the Tyrrhenian Sea. Each year, the signature
became evident in wider and wider regions, allowing a time-scale estimate of the
spreading, which could only have been possible otherwise with a designed tracer
release experiment. This time, the tracers are the sharp temperature, salinity and
density increases in the bottom layer (Fig. 1).
=bou T

— 2008
——— 2008

-1000
-1500

-2000

Pressure (dbar)

-2500

29.104 29.106 29.108 29.11 29.112 29114 29116 29.118 29.12
Density (kg m-3)

-3000
29.1

29.102

Fig. 1. Temporal evolution of the“tracer” signature (here density) south of the
Balearic Islands.

For more than 25 years the scientific community is aware of the fact that the
Mediterranean outflow is composed either by Levantine Intermediate Water
(LIW), originating in the Eastern Mediterranean Sea (EMED), and by Western
Mediterranean Deep Water (WMDW), which is aspired through the Strait of
Gibraltar by Bernoulli suction [3, 4]. The direct outflow of the deep waters may
affect the abyssal circulation of the Mediterranean Sea as well as the circulation
of the adjacent ocean. In 2005 the new WMDW was found in a wide areas of
the WMED, aong its spreading pathway, even in the northern part of the
Algerian subbasin and in stations near the entrance of the Alboran subbasin. In
2006 the new WMDW was present in ailmost the entire WMED, excluding the
Tyrrhenian and the western Alboran subbasins. More recent data, collected in
2008, clearly show that the only subbasin that has not yet been reached by the
new WMDW is the Tyrrhenian Sea. In 2008 the new deep water signature was
found at the entrance of the shallower Alboran Sea (Fig. 2a), where its interface
with the overlying water was a 950 m depth. Here the unequivocal
identification of the winter-04/05 formed deep water near Gibraltar was possible
thanks to the particular shape in the TS diagram. Therefore, its detection at
about 100-150 km from the Strait of Gibraltar, allows an estimate of the
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temporal scales of its spreading: a deep water mass formed in February-March
2005 in the NW-MED has almost reached Gibraltar in 33 months.The fraction
of new WMDW still seems to be very low and no signature could be found at
stations west of Gibraltar. Nevertheless, the route of the WMDW hypothesized
by [3] is confirmed. Indeed also the anomalous WMDW is flowing westward
along the Moroccan continental slope, which is an indication of the anticyclonic
Alboran gyre extending throughout the water column.

Most recent data (Nov. 2009) seem to detect an increase presence of the
“tracer” along the axis of the canyon in the Sardinia Channel, on the way to the
Tyrrhenian Sea (Fig. 2b). Fig. 2c evidences that the new WMDW has just got
over the sill (1930 m) dividing the Algerian basin from the Tyrrhenian Sea.
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Fig. 2. CTD stationsin (a) 2008 in the Alboran Sea and (b) 2009 in the Sardinian
Channel, evidencing the spreading of the new WMDW (black squares =
presence of new WMDW, empty squares = absence). (c) Zoom of the sill region

in the Sardinian Channel (the bathymetric grey scaleisfor (a) and (b) only).
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Abstract

There is growing understanding that recent deterioration of the Black Sea ecosystem was partly due to changes in the marine physical
environment. This study focuses on sea surface temperature variability over the 20th century. Results show that the deep Black See
was cooling during the first three quarters of the century and was warming in the last 15-20 years; on aggregate there was a cooling
trend. The Western shelf was more volatile and did not exhibit a statistically significant trend. The cooling of the deep Black Seais at
variance with the general trend in the North Atlantic and may be related to the decrease of westerly winds over the Black Sea, and ¢
greater influence of the Siberian anticyclone. The timing of the changeover from cooling to warming coincides with the regime shift in

the Black Sea ecosystem.

Keywords: Black Sea, Continental Margin, Deep Sea Basins, Temperature
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Fig. 1. The CUMSUM charts for aggregated temperature anomalies on the
western shelf (a) and deep sea (b), and the CUMSUM charts for air temperature
anomalies at coastal stations Odessa (c) and Y alta (d).

Introduction

Europe's four regiona seas (the Baltic, Black, Mediterranean and North Sea)
have all suffered major ecological change in the past three decades. The causes of
degradation of the Black Sea ecosystem have been frequently cited as
eutrophication due to increased fluvia nutrient load as a result of the Green
Revolution [1] and the arrival of invasive species [2]. However, there is an
increasing appreciation that current climate change can trigger a major response
in the structure and function of marine ecosystems on a decadal timescales [3, 4,
5]. The warming of the World Ocean over recent decades has been firmly
established [6]. In the Black Sea, studies of long term changes of the physical
properties are sparse.

Data and methods

The source of data for this study was obtained from a number of reputable
sources including the World Ocean Database 2001, the Romanian Marine
Research Institute, the Goddard Institute for Space Studies and some others. In
contrast to previous Black Sea studies, the monthly temperature anomalies
rather than the absolute values are used as indicators of temporal changesin Sea
Surface Temperature. The benefit of using anomalies is that unlike the absolute
temperatures, the SST anomalies are highly correlated at stations separated as
far as 1200 km [7]; this fact alows aggregating observational data over large
areas of the Black Sea.
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Resultsand Analysis

The SST and air temperature trends over the 20t century were estimated with
both parametric and non-parametric statistica methods by calculating
coefficients of linear regression, as well as Pearson, Spearman and Kendall-tau
correlations. All four statistical methods clearly show that there was a definite
cooling trend in the deep Black Sea over the 20th century at negative rate of (-
0.86 + 0.3) °C per 100 years. On the western shelf there is no statistically
significant trend. The linear trend in the air temperature in the central Black Sea
represented by the data set from Yalta weather station is negative showing a
modest cooling at (-0.3 + 0.1) °C per 100 years. In contrast to this, air
temperature in the western Black Sea measured at Odessa weather station
shows a positive trend at (0.3 + 0.2) °C per 100 years. A further analysis using
a CUSUM method has been carried out on an interannual and decadal scale
showing a number of regime shifts in the deep Black Sea in years 1927, 1966,
1968, 1986 and 1997. On the western shelf, the regime shifts and the most
significant cooling periods of the SST are associated with the most severe
winters observed in 1947, 1954, 1985 and 1987. Unusual temperature trends in
the Black Sea could be attributed to the variations in the overlying weather
pattern, however the link is non-linear.

A relatively small (R=0.65) correlation coefficient between variations in air and
sea temperatures exemplifies a non-linear response of the sea to changing
weather conditions. The analysis of CUSUM charts suggests that it is the shifts
in the established weather regimes on a decada scae rather than interannua
variations of meteorological forcing which lead to changes between warming and
cooling phases of SST evolution, particularly in the shelf regions. The shelf and
the deep sea response show different patterns of their responses to the weather
conditions, which results in de-coupling of the SST variations of on the western
shelves and the deep sea.
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Abstract

The purpose of this study is to identify long-term changes of hydrological parameters in the benthic boundary layer (BBL) on the
Western Black Sea shelf. Thisis done to provide underpinning information for the study of carbon cycle. Interannua variability and
smooth changes in the parameters of the benthic boundary layer which are thought to be related to variation in rates carbon

sequestration are assessed.
Keywords: Anoxia, Black Sea, Continental Shelf, Temperature

Introduction The chemical structure of the Black Sea waters is largely
determined by the location and the strength of the pycnocline. The oxycline and
the chemocline occur at the same depth intervals as the haocline, because of
similarity in the mechanisms of vertical exchanges[1]. Asthe data for Dissolved
Organic Carbon (DOC) on the shelf is sparse we test a hypothesis that a similar
statement is valid for DOC, so that much abundant data on physical parameters
can be used as proxy. We use the near-bottom temperature as indicators for
physical conditions in the benthic boundary layer on the shelf. The physica
reason for this is that interannual variations in the near-bottom temperature are
directly related with the volume of cold waters [2] which are formed on the shelf
and then exported into the deep sea. Despite early claims on possible shoaling
of the anoxic interface, the vertical position and structure of the chemocline
appear reasonably stable within the last few decades [3]. However, seasonal and
interannual temperature and salinity variations do exist in the upper layer that
are subsequently evidenced in the bottom boundary layer on the Western shelf
due to winter convection.

Data and Methods

The majority of the available data suitable for the study of the BBL was taken
on the extensive North West shelf, which is the focus of the present report. In
this study we identified climatically averaged parameters on a dense horizontal
grid of 0.25° as well as monthly anomalies (deviations from the climatology)
using over 17,000 stations. Water masses and the chemicals contained therein,
which are located in the BBL on the shelf below the upper pycnocline are
unlikely to surface due to vertical mixing process. The upper level of the bottom
boundary layer was determined by the deepest level to which vertical mixing
due to waves and wind can reach if the energy for mixing is limited by a certain
threshold, which for this study was taken 10kJm2. We consider here the
energy required to completely mix awater column as the difference between the
potential energy of the stratified water column and the completely mixed water
column. The constant density of the mixed water column can be derived from
the original density profile using the principle of the conservation of mass, such
that both potential energies can be expressed as a function of the measured
density stratification.

Fig. 1. Climate: shelf areas (<< 200m) covered by waters denser than the mixing
depth (Wmix = 2,500/5,000/10,000 Jm-2)

Results and analysis
Comparison of the available vertical profiles of nutrients, DOC and water
density has shown that strong density stratification is linked to stratification in

nutrients and DOC so that variation in physical parameters can be used as
proxies for their biochemical counterparts. The layer below the upper
pycnocline forms a‘communication channel’ for nutrients and carbon to be
removed from the shelf ecosystem. During the winter-early spring month the
water masses contained within the ‘communication channel’ could come into
contact with the oxygenated surface waters via isopycnal movement. However,
during the summer-autumn month (May to November) these water masses are
completely isolated from the surface. The areas on the shelf (depth <200m)
which are occupied by the ‘locked’ BBL waters vary during the year as well as
average temperature of these waters. For this study we are using temperature
anomalies rather than absolute values to avoid stetistical bias when aggregating
the data over large geographical areas, such as western Black Sea shelf. The
anomalies were calculated for a density range that was fixed for each summer
month (May-November) using sigma-theta = 14.2 as a fixed upper limit and a
lower limit was the shelf edge (i.e. 200m isobath).

The analysis allowed us to answer the following questions: (i) What are the
areas of the Western BS shelf where the near-bottom waters can not be mixed
verticaly (‘locked out water masses')? How these areas change from month to
month ? What is the interannual variation of temperature in the locked waters?
The intra-annual variability of the ‘locked out’ areas occupied by bottom waters
and the inter-annual variation of the area—aggregated temperature anomaly are
shown in Figs L.and 2.

Termpe rature anomaly("CH
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Fig. 2. Temperature anomalies aggregated over the shelf volume of ‘locked’
waters (as defined by 0y=14.2) and averaged over summer months (May-
November) shown as function of time + 5yr running mean. Error bars = 1
standard deviation.
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Abstract

Empirical Orthogonal Function (EOF) analysis is applied to 8-day composite AVHRR-derived Sea Surface Temperature (SST) anc
SeaWiFS-derived surface chlorophyll (Chl) data (1998-2005) to study the variability of the two parameters in the Aegean Sea from
sub-seasonal to interannual time-scales. Results indicate low SST non-seasonal variability, which is controlled by synoptic weather
variations and anomalies in the north-south wind-stress component. On the other hand, variations in the Dardanelles chlorophyll inflow
and in the riverine nutrient inputs regulate the large intra-annua and interannual variability of Chl.

Keywords: Aegean Sea, Temperature, Chlorophyll-a, Dardanelles

Introduction

The Aegean Sea displays prominent hydrodynamic features involving all
time/space scales such as strong baroclinic and topography-induced currents,
upwelling regions and frontal zones with important implications on the
dynamics of plankton ecosystems. Although the region is often considered to
be an oligotrophic environment large gradients of primary productivity have
been observed and the highly productive areas are mainly located in the
northern basin [1]. In the present study eight years of satellite-measured SST
and Chl are analysed in order to capture the dominant space/time features of
the Aegean Sea surface variability.

Method

Daily global SeaWiFS ocean colour data (1998-2005) with 1/12° spatial
resolution available from the Distributed Active Archive Center at the NASA
Goddard Space Flight Center are used. In order to convert ocean colour to
chlorophyll-a concentration, all the available SeaWiFS data of the raw
measured wavelength bands are re-processed with the MedOC4 bio-optical
algorithm, built specificaly for the Mediterranean Sea[2]. The construction of
SST maps is based on a re-analysis of AVHRR Oceans Pathfinder SST
timeseries of the Mediterranean Sea at a 1/16° resolution-grid [3]. EOF
analysis (i.e. based on the Singular VValue Decomposition method) is applied to
the 8-day anomaly time series of the two datasets (i.e. the total harmonic
seasona cycle is removed from the original time series) to study the non-
seasonal (intra-annual and interannual) variability of the two parameters.
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Fig. 1. EOF decomposition of the SST anomaly dataset. Spatial amplitudes
(left panels) and temporal modes (right panels). The variance explained by
each EOF mode is also depicted. The 22-point (176-day) running mean (dark
lines) suppresses signals with timescales less than a year and represents
interannual variability.

Results and discussion
Data analysis shows that non-seasonal signals account for the largest part of
the Chl total variance (~70%), whereas SST variability is overwhelmed by the
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seasonal cycle (~98%). EOF results for the SST anomdlies (Fig. 1) indicate
that non-seasonal variability is induced by synoptic atmospheric weather
variations (13 EOF) and anomalies in the north-south wind-stress component
mainly occurring during the summer upwelling regime (2" EOF and 3" EOF).

EOF analysis of Chl anomalies (Fig. 2) shows large intra-annual variability and
clear interannua signals, associated with much larger production during the
bloom periods of specific years (i.e. in 1999 and 2004). Results indicate that
Chl  non-seasonal variability is mainly controlled by variations in the
Dardanelles chlorophyll outflow (1st EOF and 3rd EOF), in the position of
the hydrologica front and the Samothraki anticyclone (2nd EOF), and in the
riverine nutrient inputs within the North Aegean Sea. EOF and correlational
analysis of the anomaly time-series demonstrate that non-seasona variations
of the two parameters are much less linked than in the global ocean, implying
that mixing and upwelling processes play a minor role in controlling surface
chlorophyll variability in the Aegean Sea.
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Fig. 2. Same as Fig.1 but for the Chl anomaly dataset.
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Abstract

Real time short-term forecasts of the circulation in the Sicily Channel are operationally produced and their accuracy against satellite
sea surface temperature fields is evaluated from August 20t to October 20t 2009 on a daily basis. This analysis allowed us to assess

the skill of the present ocean forecasting system.
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The Forecasting System

The Sicilian Channel Regional Model Forecasting System (SCRMFS) is based
on a nested eddy resolving numerical model implemented in the Sicily Channel
area. It is driven at the surface by the hourly forcing from the Limited Area
Model ETA/SKIRON atmospheric forecast fields with a horizontal resolution
of 10 km [1]. The atmospheric forcing parameters include: mean sea level
pressure, air temperature at 2 m, wind speed and direction at 10 m, convective
and accumulated precipitation and cloud cover. The net short-wave radiation
flux and the downward long-wave radiation flux at the sea surface are provided
directly by the weather prediction model at 1-hour interval, while latent and
sensible heat fluxes are given by the bulk aerodynamic formulae. Surface
momentum fluxes are calculated using the computed drag coefficient of
Hellerman and Rosenstein [2]. At the open boundaries, the SCRMFS is nested
with the coarse model MFS1671 [3] through an off-line one way nesting
technique of the forecasted daily mean fields of temperature, salinity and total
velocity. This method was found to be computationally efficient and
sufficiently robust to transmit information across the lateral boundaries without
excessive distortion [4]. The SCRMFS is initialized daily in slave mode, then
through the downscaling and optimization of coarse resolution forecast fields
(temperature, salinity and current velocity) using the Variational Initialization
method, named VIFOP [5]. It allows to reduce the high frequency oscillations
during the initial conditions (spin-up time) [6]. SCRMFS produces daily 5-day
forecast, in slave mode, providing detailed information on the mesoscale and
sub-mesoscale components that cannot be resolved by the coarse resolution
model. The performance of SCRMFS depends on the accuracy of the hourly
surface wind stress and heat fluxes provided by SKIRON, but in a slave mode
forecast the quality of the initial conditions derived from the downscaling of the
first forecasted day of the coarse resolution model is even more critical.

Thevalidation

The dataset used for the online validation is the daily NRT Optimally
Interpolated Sea Surface Temperature (OISST), obtained from the AVHRR
(Advanced Very High Resolution Radiometer) night-time data acquired and
processed at ISAC-GOS of CNR. The level of agreement between the forecast
and the truth (assumed to be given by the satellite observation) is computed
using basic statistics, such as the correspondence between the mean forecast and
mean observation (BIAS), the root mean square error (RMSE), the standard
deviation (o) and the Sea Surface Temperature Skill Score (SSTSS).

Results

The daily averaged scores have been computed for each forecast cycle over the
period 20 August — 20 October 2009, in agreement with the largest horizontal
temperature gradients due to the warm waters over shelf areas and the well-
known upwelling along the south of Sicily, induced by the Atlantic lonian
Stream and its summer features. Between the fifth and last forecast cycle (Fig.1,
top), the RM SE estimates a range approximately from 0.9°C to 0.6°C, while the
standard deviation presents higher values. Then the SSTSS increases from 0 °C
to 0.4°C (Fig. 1, bottom). This means that the last forecast cycle (24 hours
before) is about 40% better than the fifth (120 hours before). The averaged
biases for the five cycles range from 0.16 °C of thefirst cycle to -0.05 °C of the
fifth, with a clear negative trend. So the model is on average warmer the first 3
and colder the last 2 forecast days than the observations

Conclusions

The performance of SCRMFS against satellite SST has been evaluated by means
of standard statistics. Notwithstanding the use of only satellite observations for
a short period in time, this preliminary assessment of the forecasting system
shows a reasonable performance in comparison to other forecast numerical
models available from the bibliography [7] which, in save mode, are greatly
dependent on the accuracy of the coarse resolution model furnishing the initial
conditions.
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Fig. 1. Top: Standard deviation (dashed line) of the model SST field and RMSE
(continuous line) between model and satellite SST, averaged for each forecast
cycle; Bottom: Skill Score averaged for each forecast cycle.

References

1 - Kallos G., Nickovic S., Papadopoulos A., Jovic D., Kakaliagou O., Misirlis
N., Boukas L., Mimikou N., Sakellaridis G., Papageorgiou J., Anadranistakis E.
and Manousakis M., 1997. The regional weather forecasting system SKIRON:
An overview, paper presented at the International Symposium on Regional
Weather Prediction on Parallel Computer Environments, University of Athens,
Athens, Greece, 15-17 October 1997.

2 - Hellerman S. and Rosenstein M., 1983. Norma monthly wind stress over
the world ocean with error estimates. J. Phys. Oceanog., 13: 1093-1104.

3 - Pinardi N., Allen |., De Mey P., Korres G., Lascaratos A., Le Traon P. Y .,
Maillard C., Manzella G. and Tziavos C., 2003. The Mediterranean ocean
Forecasting System: first phase of implementation (1998-2001). Ann. Geophys.,
21: 1, 3-20.

4 - Sorgente R., Drago A.F. and Ribotti A., 2003. Seasonal variability in the
Central Mediterranean Sea circulation. Ann. Geophys., 21: 299-322.

5 - Auclair F., Casitas S. and Marsaleix P., 2000. Application of an Inverse
Method to Coastal Modeling. J. Atmos. Ocean. Technol., 17: 1368-1391.

6 - GaberSek S., Sorgente R., Natale S, Ribotti A., Olita A., Astraldi M. and
Borghini. M., 2007. The Sicily Channel Regiona Model forecasting system:
initial boundary conditions sensitivity and case study evaluation. Ocean ci., 3:
31-41.

7 - Chiggiato J. and Oddo P., 2008. Operational ocean models in the Adriatic
Sea: askill assessment. Ocean Sci., 4: 61-71.

Rapp. Comm. int. Mer Médit., 39, 2010


http://www.tcpdf.org

ESTIMATION OF THE ATLANTIC INFLOW THROUGH THE STRAIT OF GIBRALTAR FROM
CLIMATOLOGICAL AND IN SITU ADCP DATA

J. Soto-Navarro 1*, F. Criado-Aldeanueva 1, J. Garcia-Lafuente 1, A. Sanchez-Romén 1 and C. Naranjo-Rosa 1
1 physical Oceanography Group, University of Malaga, M&laga, Spain - javiersoto@uma.es

Abstract

A combined reandysis, satellite and experimental dataset has been used to calculate a four-year time series of the Atlantic inflow
through the Strait of Gibraltar. An indirect estimation of the net flow through the strait from the hydrological cycle has been combined
with direct Mediterranean outflow measurements, collected in the Espartel sill (western Strait of Gibraltar), resulting a mean inflow of
0.814 Sv with a seasonal cycle of 0.026 Sv amplitude peaking in September. Two possible forcing mechanisms are suggested for this
cycle: amain barotropic one, related to the ocean-atmosphere water deficit and a secondary baroclinic one related to the hydrological

conditions in the strait.

Keywords: Strait Of Gibraltar, Water Transport, Air-Sea Interactions, Hydrology, Sea Level

The importance of the exchange through the Strait of Gibraltar for the
Mediterranean termohaline circulation and hence for the entire Mediterranean
climate is well known. Severa works have studied this exchange, most of them
focusing on the evaluation of the net flow and the Mediterranean outflow, but
only a few of them describe the Atlantic inflow. The latter are based on
experimental measurements of about two-year long time series [1, 2, 3]. In this
work we make an indirect estimation, climatologically and experimentally based,
of afour-year long time series.

A _ gty

=P-F B+ G
a7 a +R+B+G

EQq.1 describes the mass budget in the Mediterranean Seathat is used to calculate
the net flow, where the left-hand side, dM/dt , is the mass time-variation, Sthe
Mediterranean surface and &y, the mass-induced sea level anomaly. The rigth-
hand side terms are the different contributions to the budget: precipitation, P,
evaporation, E, river discharge, R, the exchange with the Black Sea through the
Turkish Straits, B, and the net flow through the Strait of Gibraltar, G. NCEP
monthly mean data has been used to evaluate evaporation and precipitation. The
mass contribution to the sea level anomaly has been calculated subtracting from
AVISO total level the steric contribution computed from the water column
sdlinity and temperature data of the ECCO model dataset. Data of river
discharge and exchange with the Black Sea have been obtained from the works of
[4] and [5] respectively. Once estimated the net flow, direct ADCP
measurements of the outflow collected in the Espartel sill (western Strait of
Gibratar) have been used to caculate the inflow. A mean value of 0.814 Sy,
with a seasona cycle of 0.026 Sv amplitude peaking in September, has been
obtained, in good agreement with the previousworks[1, 2, 3].
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Fig. 1. Inflow (Q,), outflow (Qy) and net flow (Qg) through the Strait of
Gibratar anomalies. The anomdies has been represented for a better
visualization of the importance of the seasonality of each component, Qg and
Qy , totheinflow calculation.

Two possible forcing mechanisms have been considered to explain the seasonal
cycle of the Atlantic inflow. The first and main one of barotropic nature, related
to the ocean-atmosphere water deficit, strongly dependent of E-P, whose
seasonal cycle also peaks in September. The second one has baroclinic nature
and is related to the hydraulics conditions in the strait, which implies that both
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the inflow and outflow velocity depends on the square root of their density
difference [6]. This means that an increase (decrease) in the outflow (inflow)
density produces an increase in both velocities and vice versa. Thus, during
summer, when sea surface temperature reaches its maximum, the surface layer
density decreases due to the associated volume increase. This feature is aso
reflected in the maximum of the steric sealevel in September [7] and produce an
increase in the inflow velocity that contributes to the September peak.
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Abstract

During KM3NEeT project, an intense observational activity was conducted in the lonian Sea, mainly south-east of Capo Passerc
(Sicily) and off the south-western tip of Peloponissos (Greece). The several oceanographic cruises performed from 2006 to 2009
permitted to describe the current status of the deep layer, together with its recent evolution. While newly formed Adriatic dense water
is the principal abyssal signature in the western lonian, the Cretan water vein fills al the deep layer in the eastern lonian. These
observations confirm that the deep lonian Sea is undergoing significant changes, especialy after the Adriatic Sea has became an

active source of dense water again.
Keywords: Deep Waters, Circulation, lonian Sea

The lonian Sea collects the dense waters formed in the Eastern Mediterranean in
its abyssal plain. The Adriatic Sea was the main source of these waters up to
the end of the 80's. After that date, an important climatic variation occurred (the
Eastern Mediterranean Transient) which had an impact on the whole Eastern
Mediterranean, and a new source started up in the Aegean Sea. The Aegean
water was warmer, sdtier and denser than the one formed previously in the
Adriatic Sea, so it filled the deepest layers of the lonian [1]. Around 1995 the
Aegean source dropped and the Adriatic became an active source again,
producing new water whose temperature and salinity were warmer and satier
when compared to the past [2, 3]. The severa oceanographic cruises performed
in the lonian Sea from 2006 to 2009 permitted to follow the recent evolution in
the abyssal hydrography, and provided some insight into their variability.
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Fig. 1. Vertical section of potential temperature (°C), salinity, density (c2
units), dissolved oxygen content (umol/l) in July 2007 between 1500 m depth
and the bottom.

In July 2007, a hydrographic section covered the central lonian basin from Sicily
to Greece almost synoptically (Fig. 1), giving a nearly complete zona view of
the abyssal layer. The physical-chemical properties from 1800 m to the bottom
show distinct water masses, with significant differences both in temperature and
sdinity. A clear gradient can be observed in correspondence to the meridional
ridge which separates the central and the eastern deeps. On the western side,
below 2000 m, a marked stratification is found with warmer and saltier water
superimposed on a fresher and colder layer. Both the layers extend their
influence upto the central abyssal plain. The two water types are probably of
Adriatic origin, but the higher oxygen content close to the bottom suggests that
the most recent Adriatic water is warmer and saltier than before. On the eastern
side, higher salt content and higher temperature evidence the presence of Cretan
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water in the deep column, mainly concentrated between 2000 and 3000 m of
depth.

A comparison between observations off Sicily from different periods evidenced
a certain water mass variability: an aimost homogeneous stratification below
2500 m is sometimes replaced by a situation characterized by the presence of
several water masses, identified by closed structures. Current measurements,
acquired from May 2007 to May 2009 at 3000 m of depth near the Maltese
shelf break and about 20 miles eastward, evidence the prevalence of a southward
flow at the first site and a north-westward one at the second, while the
oscillations of thetwo currents are inversely correlated. This suggests a
circulation frequently organized along a cyclonic pattern, as indicated by the
closed structures observed from the hydrography. More energetic currents are
found close to the shelf break, and a pronounced variability is observed at both
the sites, on the seasonal and the interannual time scales.

These results depict a variable cyclonic abyssal circulation that is more energetic
when compared to previous measurements collected in the same area. The
increased activity has probable links with the new Adriatic dense water flowing
into the region.

Acknowledgement: The data presented were acquired within the framework of
the “Specific Support Action for the Design Study for a Deep-Sea Facility in
the Mediterranean for Neutrino Astronomy and Associated
Sciences’ (KM3NET), EU contract number 011937.
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Abstract

Winter geostrophic circulation patterns in 2000 and 2001 in the northern Adriatic, as a result of bottom density distribution, were
different. Formed earlier in autumn under different atmospheric forcing, they remained stable even in conditions of above average
surface heat losses. This suggests that forecast of the northern Adriatic geostrophic circulation patterns is attainable several months in

advance.
Keywords: Adriatic Sea, Circulation

Introduction

The northern Adriatic is influenced by the Po River, one of the largest in the
Mediterranean basin. In winters termed as type A, bottom density is higher in
the eastern than in western part of the northern Adriatic, while for winters of
type B the situation is opposite (1). The Po River waters more likely spread
across the northern Adriatic in winters of the type A (in preparation). As a
consequence, large phytoplankton production in the entire northern Adriatic is
expected to occur in A winter types, whereas dense water formation
characterizes the B ones. In this work winter oceanographic conditions of
type A and type B, for 2001 and 2000 respectively, were analyzed.

Data and methods

Data collected during six large oceanographic cruises at three transects (45
stations; Fig. 1) in the northern Adriatic were used to plot distributions of
temperature, salinity, density and geostrophic currents relative to 30 dbar
surface (Oct 1999, Jan 2000, Feb 2000, Oct 2000, Dec 2000, and Feb
2001). Daily values of meteorological data and surface fluxes in the region, as
well as the Po River flows were also analyzed for the periods Oct 1999 - Feb
2000 and Oct 2000 - Feb 2001.
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Fig. 1. Map of the northern Adriatic with position of stations
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Results

Winter geostrophic circulation patternsin both 2000 and 2001 remained stable
between the two subsequent cruises (Jan and Feb 2000; Dec 2000 and Feb
2001). In the winter of 2000 there was a cyclonic gyre off the Po River delta
while in the winter of 2001 in the same area an anticyclonic gyre was present
(Fig. 2). The differences in circulation patterns were due to differences in
bottom density distribution (Fig. 2). Monthly values of northern Adriatic
surface heat losses for both Jan 2000 and 2001 were above their long-term
means (not shown). Bottom density fields were aready formed in late
autumn, starting from October (not shown). The autumn of 1999 was
characterized by many bora episodes and very large surface heat losses while
in 2000 by strong sirocco events and moderate surface heat fluxes.

Fig. 2. Distribution of bottom density and of surface geostrophic currents
relative to the 30 dbar surface in February 2000 (a and b) and February 2001
(c and d). A and C represent anticyclonic and cyclonic sense of rotation,
respectively

Conclusion

The results strongly support the hypothesis that autumn conditions
determine the next winter geostrophic circulation patterns, allowing us to
forecast the northern Adriatic winter hydrographic conditions.
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Abstract

The EGYPT (Eddies and GYres Paths Tracking ) - EGITTO program data sets provide an unprecedented insight into the Eastern
Basin surface circulation. They confirmed the Atlantic Water (AW) path be an anticlockwise circuit along the basin slopes, and its
frequent offshore dispatching related to the paddle-wheel effect of the mesoscale eddies generated by the southern part of the circuit,
the Libyo-Egyptian Current. However, in opposition with earlier observations, several eddies have been tracked drifting westward for

several months, up to one year. The study of the circulation in the Eastern Basin remains a challenge yet.

Keywords: Eastern Mediterranean, Circulation

Our knowledge and understanding of the circulation in the Eastern basin have
yet to be improved. The EGYPT/EGITTO program (2005-2007) was a main
effort to acquire in situ observations in the Eastern Basin, with a focus on its
southern part that has been little sampled up to now. Platforms included a 1-
year 7-mooring array, a network of 125 CTD casts, ~ 200 XBTs, ~100 surface
drifters, ~15 Argo profilers, and the continuous coverage with thermal satellite
images to allow for targeted sampling [1]. In the south the circulation of the
Atlantic Water (AW) has been clearly shown anticlockwise and alongsiope [2,
3], in agreement with numerical simulations [4]. However the corresponding
distribution of the lower salinities most often appear complex, that is highly
variable in space and time. Indeed the Libyo-Egyptian Current (LEC) is
unstable, and generates mesoscale (anticyclonic) Libyo-Egyptian Eddies
(LEESs) [5]. The numerous interactions between the LEC and one or more
LEEs induce a paddle-wheel effect, that dispatch AW first offshore and then
around the LEES [6]. That was shown during the EGY PT-1 campaign: on the
CTD transect from the Libyan shelf to the Greek slope (figure 1), the
minimum of salinity was found on the northern edge of the eddy LE. Another
LEE, downstream LE and south of the wind-induced |erapetra eddy (1-2005,
figure 1), also concurred to dispatch AW on the eastern edge of 1-2005 (see the
corresponding drifters trajectories on fig.5k of [3]). The figure 2 illustrates this
paddie-wheel effect: AW is indeed transported offshore eastward, but on the
successive edges of LEEs: there is no such permanent path as the so-called
“Mid-Mediterranean Jet” (MMJ). Now, because LEES can remain motionless,
drift, and/or interact with neighbouring ones for several months, they have a
significant weight in statistics that can lead to artefacts. This is the case for
instance of the Lagrangian statistics on the drifters trajectories, of which the
mean displays a strong jet offshore Libya. When this evokes a MMJ, it is
actually the northern edge of aLEE [7].
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Fig. 1. Sampling during the EGYPT-EGITTO program, with the main eddies
indicated for Spring 2006.

These LEEs, and lerapetra as well, can actualy perturb the circulation down
to the bottom (~3000m), as shown by the deeper currentmeters [8]. Now,
contrary to the general eastward drift observed during 4 years on the period
1996-2000 (over 1000 IR images analysed [9]), in 2006 3 LEEs drifted
westward alongslope for months, one for more than 1 year [8]. One
hypothesis put forward is the abrupt change of the steepness of the slope
[10]. But such a change occurs only for in eddy (LEE1) off Libya at 24°E.
Additional analyses are thus reguired. The study of the Eastern Basin
circulation might be more difficult than that of the Western Basin: while the
weight of the mesoscale dynamics and the variability it induces imply to

acquire additional such high resolution synoptic surveys, rising problems to
gain authorizations for sampling are most likely to keep their number low. The
Eastern Basin islikely to remain a challenge for some time.

Fig. 2. Trajectory of a surface drifter from February to May 2006.
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Abstract

The Eddies and GYres Paths Tracking (EGY PT, 2005-2007) program was an unprecedented effort to acquire observations in the
Eastern Basin, both in situ and remotely sensed. The intermediate and deep circulations between Crete, Libya and Egypt are studied
here using mainly the time series of a one-year array of 7 moorings equipped with 30 currentmeters and 10 hydrological probes, and
the dense network of 125 CTD casts (10-20km-spaced) realised during the EGY PT-1 campaign (April 2006).

Keywords: Circulation, Eastern Mediterranean, Mesoscal e Phenomena

The similarity of the surface circulation patterns between the Western and
Eastern Basins prompted original ideas [1]: following our previous work in the
Algerian subbasin, in order to improve our knowledge and understanding of
the circulation in the Eastern Basin, we conducted the program EGY PT, with
the major aim to monitor the path of the Atlantic Water (AW) -with a focus
on the Libyo-Egyptian Current (LEC)-, and the Mediterranean Waters (MWSs)
[2, 3, 4]. We collected current time series with a network of 7 moorings,
~70km spaced, equipped with 5 to 6 currentmeters and hydrological probes
from surface (~60m) to the bottom. We initially planned to deploy the
moorings off Egypt, since there is no shelf and we could have easily sampled
most of the AW flow when alongslope, but we were finally not alowed to do
so. The moorings had to be moved off Libya, with two main drawbacks: they
were further offshore due to the shelf (over which the AW flows for a great
part), and the bathymetry is complex. And finally the upper part of 4 out of 7
moorings went adrift after fish bites, which prompted their anticipated
recovery after one year (April 2006 - March 2007), instead of the planned 2-
year duration. But the dense CTD network of 125 casts (one out of two down
to the bottom) realized during the EGYPT-1 cruise (April 2006) alowed a
dense sampling (10-20 km spaced) at subbasin-scale, including the southern
shelf and south of Crete. The other observations acquired, among which
satellite thermal images, drifters and ARGO profilers, have been listed in [5].
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Fig. 1. The passage of a LEE (from east to west) over the mooring 3 during
summer 2006, showing the associated anticyclonic currents down to the
bottom. a) SST image from mid-August 2006 showing the LEE and lerapetra
(1), EGY PT moorings network (triangles), b-e) records at mooring 3 of current
in b) surface, ) intermediate (scae +/- 0.5m/s) and d) bottom layer (scale +/-
0.25m/s), and of €) potential temperature in the bottom layer (scale 13.5-13.7°
C).

As expected [2], between Libya, Egypt and Crete the intermediate and deep
MWs circulate anticlockwise and aongslope, when not disturbed by
mesoscale eddies generated by either the LEC (the Libyo-Egyptian Eddies:
LEES) or the wind (as lerapetra). We specify the main pathways of the MWs
known to form in the Adriatic, the Aegean and the Levantine subbasins, and
evidence unreported intermediate water from the Adriatic. As expected from
our understanding of the Western Basin functioning, waters at depths 500-
1500m are relatively old, so that they are more homogeneous and their
circulation is generally weaker than below. At depth (> 3000m), the
circulation is markedly influenced by the complex bathymetry, as well as
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possibly by eddies such as lerapetra and LEES, which we show can extend
that deep (figure 1). The deeper currents display a high variability in both
direction and velocity, with peaks up to 40cm/s a few metres above the
bottom. The deepest T and S display variations over ranges of 0.05°C and
0.01, up to ~0.10°C and 0.02 during few-day episodes (figure 1€). Such a high
variability is obviously due to the heterogeneity of the deep waters formed far
to the north. It is thus clear that deep waters encounter little mixing while
spreading and circulating from their formation areas.

A consequence is that the climatologica data bases, necessarily based on
(historical) sparse data in both time and space, are to be used with extreme
caution when it comes to deducing water pathways (cf the LIW path problem
when applying unattended statistics on Algerian subbasin data sets [6]), or
any climatological signal [7]. In this context, the EGYPT data set can be
regarded as a snapshot of reference for 2006-2007. Correlatively, given the
natural variability of AW [8] or MWs[9] in the whole Mediterranean Sea, all
riparian countries should foster the regular monitoring at basin scale, using not
only moorings and thermosalinometers on merchant lines (e.g.Hydrochanges
and Transmed CIESM programs, resp.), but also yearly CTD cross-basin
transects, an effort sustained for few years now by Italian colleagues in the
Western Basin [10].
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Abstract

Pairs of acoustic Doppler current profilers (ADCPs) were deployed at each end of the Bosphorus and Dardanelles Straits as part of
the United States Naval Research Laboratory’s Exchange Processes in Ocean Straits (EPOS) project. All 8 current moorings were
deployed in September 2008 and remained in place for about half a year in the Bosphorus and for one year in the Dardanelles. This i<
the first time that comprehensive current measurements coincident to both straits over seasonal time scales have been made. An
overview of the current structure and variability is given here for the Bosphorus Strait to provide insight into the complexity of the TSS

dynamics.
Keywords: Bosphorus, Currents

The Turkish Straits System (TSS; Figure 1) consists of the Bosphorus Strait,
Sea of Marmara, and Dardanelles Strait and is the only connection between the
Black and Mediterranean Seas[1]. The main objective of EPOS s to understand
the synoptic variability of the exchange flows in the TSS by study of the
currents, temperature, salinity, and microstructure. In close collaboration with
the Turkish Navy Office of Navigation, Hydrography and Oceanography and
the NATO Undersea Research Center (NURC), the R/V Alliance was used for
the mooring work and data collection. The ADCPs were housed in trawl-
resistant moorings referred to as Barnys (Figure 2). The nearly full water-
column current profiles are used to describe the vertical current structure and the
seasonal variability of the two-layer current system in the straits, with focus
here on the Bosphorus Strait.

Considerable differences in average flows, current variability, and layer
thicknesses were found. Layer interfaces ranged from about 15 to 40 m depth
in the Bosphorus Strait while integral time scales for the aong strait current
components were 6-9 days and maximum observed currents were 231
cm/s. While largest current speeds were observed in the upper layer at the
southern end of the Bosphorus, largest speeds were observed in the lower layer
at the northern end of the strait. Greatest range in velocity was at the southern
end where the currents ranged from-231 to +115 cm/s. Depth dependent
processes dominated and were relatively strong in the Bosphorus. Dynamical
processes were very different between the ends of the strait. Numerous current
reversals were found in the top layer and interestingly can be predicted from the
integrated wind stress. We expect that results from this experiment will enhance
our understanding of the dynamics in the TSS and will lead to additional field
and modeling efforts.

Black Sea

"5 f:Bosphorus
Sea of “iStrait
"Marmara

Dardanelles
Strait

Fig. 1. Turkish Straits System (TSS)
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Fig. 2. Shown hereis aview of aBarny platform on the sea floor. The ADCP is
contained in the Barny and is located at the top. An outer ring of reinforced
cement provides impact resistance and ballast. The overall smooth profile
minimizes the risk of being fouled by fishing gear and makes the Barny highly
resistant to trawling. The entire mooring is recovered at the end of the
deployment via acoustic release of a pop-up float that carries a recovery line
and the ADCP to the surface.
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Abstract

Time series and spectral analyses are applied to surface atmospheric (wind velocity, air temperature, barometric pressure, relative
humidity) and sea level data obtained from monitoring stations along the Turkish coast. Analyses of time series longer than a year
identify main time scales of transport and motion while establishing seasonal characteristics, i.e. distinguishing, for instance, between
winter storms and summer sea-breeze system. Marine flow data acquired by acoustic doppler current profilers (ADCP) are aso
analyzed to better understand the response of the dynamics along the Turkish coast to short-term climatic variability. Cumulative
results obtained from these analyses determine temporal and spatial scales of coastal atmospheric and marine fluxes of momentum,

heat and buoyancy as affected by the regional climate system.
Keywords: Time Series, Sea Level, Air-Sea Interactions

Introduction and Methods

The total of 12 atmospheric and marine coastal monitoring stations along the
Turkish coast of the Mediterranean, Aegean, Marmara and Black Seas and the
Bosphorus and Dardanelles Straits (Figure 1) traverse approx. 2500 km of
coastline with a maximum separation of approx. 800 km. The stations were
installed within the framework of the Turkish Meteorology and Oceanography
Excellence Network pilot project coordinated by the Institute of Marine
Sciences, Middle East Technical University. These automatic data acquisition
systems collect surface atmospheric data (air pressure, wind, air temperature,
and relative humidity) in addition to sealevel measurements acquired by
electronic tide gauges.

The main objective for establishing this coastal monitoring network is to obtain
long-term time series of surface atmosphere and ocean data in an attempt to
understand and quantify regional climatic variability in the Turkish coastal
system as well as the effects of such variability on the Mediterranean-Black Ses
coupling through the Turkish Straits System (TSS). The TSS is sensitive to
climatic changes and potentially causes such changes in the adjacent basins [1].
The sea level difference over the Bosphorus plays an important role for the
overall flow. Sealevel ishighly variable through the Turkish strait system and is
influenced by the Black Sea and the Mediterranean oscillations, but is not
affected by the tidal oscillations [2]. Over the Black Sea strong winds can
control the water flow of the Bosphorus strait, thus the mean sea level of the
Black sea at intra-seasonal frequencies. The Mediterranean water flow into the
Black sea can be blocked as the northerly winds blow. Also, sufficiently intense
southerlies may cause to cease the upper layer flow from Black Sea[3].

Based on measurements, taken during longer than a year, time series and spectral
(auto-, cross-, and rotary spectra) analyses are performed to exhibit the
measurements in both time and frequency domains, which enable to detect
temporal and spatial scales of phenomena, oscillations and correlations of the
observationsin distinct areas.
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Fig. 1. Coastal observation stations along the Turkish coasts

Results

Spectral analyses of the sea level indicate basin oscillations of several days to
weeks in addition to diurnal and semi-diurnal oscillations in sea level forced by
the winds, barometric pressure differences and storm surges. Frequently, a sea
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level difference of about 40 cm is observed between the Black and Marmara
Seas, which vanishes during some blockage events of the Bosphorus upper
layer.
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Abstract

The biogeochemical cycles of the major elements and the associated structure of the planktonic functional groups are investigated in
the northwest Mediterranean Seain relation with the seasonal and interannual variability of the hydrodynamic/atmaospheric forcing.

Keywords: Western Mediterranean, Models

A 3D physical-biogeochemical coupled model has been implemented to
represent cycles of biogenic elements (carbon, nitrogen, phosphorus and silica)
and pelagic plankton groups in the NW Mediterranean Sea.

The hydrodynamic mesoscale SY MPHONIE model [1] has been used forced by
high resolution atmospheric fluxes. The biogeochemical model is defined by
three size groups of phytoplankton and of zooplankton, hetrotrophic bacteria,
two size classes of particulate organic matter, dissolved organic matter and four
inorganic nutrients. The representation of the phytoplankton processes is
derived from the model ECO3M [2] that has been increased in complexity in the
present work. The heterotroph model is an adapted version of the
stoichiometric model developed by [3] and applied at the study area by [4].
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Fig. 1. Interannual variation of the simulated (A) maximum mixed layer depth
(m) and (B) mean primary production (gC m?2 d1) over the north-western
Mediterranean sea for the 2004-2008 period.

The calibration and validation of the coupled model were performed through
comparisons with complementary observations: data at the DY FAMED deep
station in the Ligurian Sea, data of SOMLIT coastal stations and satellite
images. The model results reasonably reproduce the recorded spatial and
temporal variations.

Then the model was used to estimate a budget of the biogenic elements in the
areaover the period 2004-2008 characterized by avarying intensity of the major
physical (deep convection, shelf dense water cascading, genera circulation)
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(Figure 1A) and biogeochemical processes (Figure 1B).
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Abstract

Mesoscale eddies play an important role in transferring particles, nutrients and other passive material vertically or horizontally. Their
typical dimensions are of the order of several internal radii of deformation. In the Adriatic Sea the baroclinic radius of deformation is
of the order of 5 km. Here, the footprints of mesoscale eddies propagating through the Strait of Otranto are shown, and their

formation mechanism and area are hypothesized.
Keywords: Adriatic Sea, Mesoscale Phenomena, Currents

Introduction

On average, an inflow takes place along the eastern coast of the Strait of Otranto
(70 km wide and about 800 m deep channel connecting the Adriatic and lonian -
Fig.1), while the outflowing current occupies its western portion. Besides, an
outflow of the Adriatic Dense Water (AdDW) occurs as a density-driven
current in the bottom layer pressed against the continental margin of the western
coast [1]. Previous observational studies in the Strait of Otranto [2] presented
evidences on the unstable flow in the shear zone between the northward and
southward currents and explained them in terms of the near-inertial waves and
counterclockwise mesoscale eddies, appearing as a 10-day variability in the
current record.
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Fig. 1. Study area with the position of moorings and principal axes of sub-
inertial current oscillations. Upper insert: Adriatic Sea with the study area
denoted by the rectangle. Lower insert: the schematic of the vertical section with
the three ADCP moorings positioned within the AdDW outflow (denoted by
dashed line).

Data and Methods

Currentmeter data obtained from three moorings with bottom-mounted upward-
looking Acoustic Doppler Current Profilers (ADCPs), that were maintained
from September 1997 until June 1999 and from November 2006 until April
2007 at a transect in the core of the outflowing Adriatic Dense Water, are
analyzed. Data were quality controlled and the missing data for periods less
than 6 hours were linearly interpolated. Harmonic analysis was performed in
order to de-tide the time series and, finally, a low-pass filter (33-hour cut-off
period) was applied to remove inertia oscillations, thus obtaining sub-inertial
non-tidal flow.
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Results

The principal axis analysis of the sub-inertial flow shows that currents,
especialy those close to continental margins, are strongly polarized along
isobaths (Fig.1). Low-pass records at al three moorings reveal energetic events
of vertically uniform current vector rotation at about a weekly time-scale
(Fig.2). Rotary spectra reveal their clockwise (counter-clockwise) sense of
rotation at station V3 (V4), while wavelet analysis shows their timing. The two
moorings close to the center of the strait show coherent current vector rotation
suggesting a southwestward propagation of mesoscale eddies trapped by the
bottom topography. Eddy dimensions are estimated to be between 20 and 30
km while the propagation speed is about 7 cm/sec. Eddy passage leaves a strong
signal in the turbidity time-series as well, probably due to sediment
resuspension by strong currents and their advection through a canyon. We
hypothesize that the eddies’ generation is based on the conservation of the
potential vorticity for the water column passing over the sill about 100 km
located upstream of the section, as suggested by [3] for the Denmark Strait. The
stretching of the intermediate water layer induces cyclonic vorticity and the
formation of eddies that propagate southwestward following isobaths.
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Fig. 2. Stick diagram of one cell per mooring for the period 16 November — 31
December 2006: V2 nomina cell depth 545 m (grey line), V3 nominal cell depth
720 m (black thick line) and V4 nomina cell depth 898 m (black thin line). The
mean over the indicated period was removed from each time-series.
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Abstract

Data bases such as MEDATLAS [1] have proved to be an extremely vauable tool for assessing long term changes. Nevertheless,
recent works have shown that the irregular time and spatia distribution of data can decrease the robustness of the analyses [2, 3].
Monitoring programs with systematic samplings are required in order improve the estimations of long term changes, but this arises the
question of whether or not data from new monitoring programs and “old” data bases can be merged in order to construct long time
series. In this work we check the homogeneity of time series constructed from MEDATLAS data base and the monitoring program
RADMED in the Spanish Mediterranean. Time series extending from 1900 to 2008 show the warming and salting of the Western

Mediterranean (WMED).

Keywords: Western Mediterranean, Monitoring, Time Series, Temperature, Salinity

The Spanish Mediterranean was divided in four different areas (squaresin fig. 1)
and all the temperature and salinity profiles from 1900 to 2000 in MEDATLAS
data base were compiled. Because of biases recently reported in
batithermographs [4], only bottle and CTD data were used. Time series within
each square were verticaly interpolated at 23 pressure levels from 0 to 2500
dbar. These series were merged with averaged profiles obtained from
oceanographic stations from RADMED (IEO) and I'Estartit oceanographic
station (ICM/CSIC) within the corresponding square. In this way we construct
temperature and salinity time series extending from 1900 to 2008.

century allow us to estimate long term changes, although decadal variability can
not be resolved in this part of the time series. Our results highlight the non-
linear character of the temperature and salinity time series and linear trends can
only be considered as mean increments for the whole period of time.
Furthermore, the homogeneity of the time series obtained and the continuity of
the ongoing monitoring programs provides a tool for studying the effects of
climate change in the Mediterranean. A correlation analysis with time series of
heat absorbed by the upper 700m in the North Atlantic evidence that the
WMED and the present time series can be considered as a proxy for larger scale
climate change studies.
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Fig. 1. Squares where MEDATLAS data were compiled and RADMED stations
(dots). Thetriangleis |’ Estartit oceanographic station.

First the homogeneity and normality of time series was checked by means of
Alexanderson homogeneity tests and Kolmogorov-Smirnov tests. Both
temperature and sainity time series were accepted as homogeneous after the
corresponding tests. The length of these time series has shown that the WMED
has increased its temperature at the three layers considered, that is, upper (O-
200m), intermediate (200-600m) and deep (600m-bottom). The heat absorbed
by the water column is equivalent to a heat gain of 0.23 Wm2. The salinity of
the intermediate and deep layer also increased in a statistically significant way
(fig. 2). These series show a strong decadal variability that makes it difficult to
distinguish between those changes that are operating continuously in time, very
likely as a result of climate change, and those that are the result of the inner
variability of the climate system. The inclusion of data from the early twentieth
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layers averaged for the four areas selected. Right column is the same for sdlinity.
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Abstract

Hydrological and current measurements collected in the Tyrrhenian Sea during May-June 2004 are analyzed with an inverse box-
model (IBM) to establish the mean spring circulation patterns of the basin. These patterns are compared with those provided by a high
resolution, primitive equation model (POM) implemented over the area to simulate the mean basin circulation during the survey. The
good agreement between the two circulation fields represents a solid evidence for the reliability of the estimated dynamical structures.
Moreover, the POM reveals the short spatial variability of the basin not always resolved by IBM because of the low spatial resolution
of the in-situ measurements. The comparative study indicates the Tyrrhenian basin as a highly dynamically active region of the

Mediterranean Sea, characterized by arich mesoscale dynamics.
Keywords: Circulation, Tyrrhenian Se, Mesoscale Phenomena, Models

The Tyrrhenian Sea (TS) is a deep basin of the Mediterranean Sea characterised
by a complex bottom bathymetry: A narrow continental shelf, a large shelf
slope and a deep centra pat with a large number of isolated volcanic
seamounts. Up to the 90s, TS was considered the most isolated basin of the
Western Mediterranean Sea, characterized by a wind-driven circulation. Recent
findings suggest that TS is a key region for the water masses exchanges between
the eastern and the western Mediterranean Sea, playing an important role as a
reservoir of heat and salt for the Mediterranean basin [1, 2]. A detailed
description of the circulation at the level of the main water masses is still
lacking.

This work is aimed at achieving a novel picture of the typica TS spring
circulation patterns, based on observations collected during two recent dedicated
oceanographic cruises conducted between May and June 2004 (Fig. 1). The
hydrographic dataset, integrated with long-term current measurements (at the
Sicily strait and the Corsica channel), has been used to estimate the absolute
geostrophic flow with a linear Inverse Box Model (IBM). The IBM method [3]
provides a correction to the relative geostrophic velocity field, assuming
conservation of water properties inside boxes, which are closed volumes of
water bounded by the geographical margins (coastline and bottom) and by the
hydrographic transects. Two isopycnal surfaces (28.9 kg/m3 and 29.1 kg/m3)
are chosen as boundaries between layers, corresponding to the resident water
masses: Atlantic Water (AW), Levantine Intermediate Water (LIW) and
Tyrrhenian Deep Water (TDW).

The IBM assessment of the circulation has been compared with the simulated
circulation from a high resolution numerical model (the Princeton Ocean Model,
POM), forced with ECMWF wind stress fields averaged over the cruise period.
Initial and boundary conditions are obtained by interpolating on the POM grid
the temperature, salinity, velocity and surface elevation fields produced by the
Mediterranean Forecasting System (MFS). Both the initial and the boundary
data are averaged over the cruise period. The model is forced at the open
boundaries by net mean barotropic transports simulated by MFS.

Box-model velocities and Dynamic Heights at 75 m

Lalitude

Fig. 1. Comparison between IBM (a) and POM (b) current fields at 75 m,
representative for AW circulation.
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Fig. 1a shows the IBM estimated geostrophic velocities (small arrows
perpendicular to hydrological transects) at 75 m of depth, superimposed to the
dynamic heights distribution (dotted curves) at the same depth, referenced to
the surface. From both fields, a sketch of the main AW patterns (continuous
curves) has been drawn and compared with a similar sketch resulting from the
horizontal velocity field of the POM simulation (Fig. 1b). The ten dynamical
structures distributed all over the basin in both IBM and POM fields are
numbered likewise, tolerating small differences in position and shape. The
largest structure is the Bonifacio gyre 9, which is a permanent cyclonic
circulation due to the year-round westerly jet of wind blowing through the
Bonifacio strait. This gyre displays remarkably close features in the two
estimates. Moving south, good agreement is found for the anticyclone 3, just
above the Sicily tip, and for the cyclonic circulation 4, more to the east. The
eddy 8 is well developed in POM as a wide current meander. Most of these
structures are coherent with the corresponding intermediate and deep circulation
patterns (not shown), indicating a strong barotropic component of the flow. For
the sake of completeness, horizontal surface and intermediate mass fluxes for
the main streams and gyres are shown in Fig. 2.

LIW 13
Stream fluxes

Fig. 2. IBM horizontal mass transports (Sv) through transects for AW (a) and
LIW (b).

Concluding, the results indicate the presence of a rich mesoscale dynamics, until
now poorly resolved, likely to be strongly influenced by the interaction of the
surface forcing with the complex bathymetry of the basin. Moreover, the good
agreement between the geostrophic reconstruction of the IBM and the velocity
patterns of the POM indicates that the main deduced circulation patterns are
representative of atypical TS spring condition.
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Abstract

A novel approach in detecting and determining water mass changes is documented in the paper, based on a Self-Organising Maps
(SOM) method. We used the method to extract and classify long-term variability (1957-2009) of temperature, salinity, dissolved
oxygen and nutrients at a single station in the deep South Adriatic Pit. The extracted vertical profile patterns and their variability are
associated with the known Adriatic water masses. We also tested the capacity of the method to recognize the masses by changing the
dimensions of SOM nodes and by varying the number of input parameters.

Keywords: Adriatic Sea, Deep Waters, Time Series

Adriatic water masses are known to play an important role in ventilation of
deep layers of the Eastern Mediterranean, and the South Adriatic Pit (SAP) is
recognized as a place where most of the deep waters are formed [1] inside of a
cyclonic gyre. The formation can be enhanced or modified by other masses [2]:
(i) very cold North Adriatic Dense Water, which is turbulently sinking along the
western SAP perimeter, and filling the deepest layers of the pit, and (ii) saline
Levantine Intermediate Water (LIW) which is coming into the Adriatic through
the Otranto Strait and preconditioning the generation of the Adriatic water
masses. There are several studies describing along-term variability and interplay
between the Adriatic water masses [2, 3]. This paper will document the use of a
state-of-the-art method for extraction of patterns from time series, the Self-
Organising Maps (SOM) method, and its application to the long-term series of
thermohaline and chemical parameters in the South Adriatic. We analysed the
series of temperature (T), salinity (S), dissolved oxygen (DO), ortophosphate
(HPO42’) and total inorganic nitrogen (TIN) concentrations measured at the
D1200 station (42°13'N, 17°42'E) located in the nortern SAP in the 1957-2009
period. These series have been quality checked for bad vaues, offsets and
spikes, normalized by standard deviation and mean value of each parameter, and
introduced to SOM.

SOM is an artificia neural network based on unsupervised learning [4]. It
consists of a nonlinear cluster analysis mapping of high-dimensional input data
onto a two-dimensional output space. The gaps in the input data are treated by
the method, allowing SOM to effectively extract patterns from large data sets.
Thus, the SOM method has been widely used in various fields of studies ranging
from economics to sciences, including oceanography [5]. In this analysis we
used 2x3 SOM arrays, which alows for the detailed extraction of the
characteristic water profiles, but we also tested the sensitivity of the method by
applying 2x2 and 3x3 SOM arrays to the data. Sensitivity to the input variables
has been tested as well, by introducing different groups of parameters to SOM
(al, without TIN, without HPO42', without DO, without nutrients, only T and
S) and assessing the variations of characteristic patterns and Best Matching Unit
(BMU) evolution in time. BMU is the number of the SOM solution that can be
identified according to the minimum Euclidian distance between certain input
datafield and al SOM solutions.

Figure 1 plots the profiles of 2x3 SOM BMUSs for all parameters. The profiles
adequately resemble the Adriatic water masses. The resemblance is the most
obvious for the salinity BMU profiles. For example, BMU1 can be associated
to a strong LIW inflow to the Adriatic, as it is characterised by very high
sdinity, low DO and high nutrients in the intermediate layer. The generation of
the Adriatic Deep Water (ADW) may be seen in BMU2 and BMU4, as these
patterns are characterised by vertica homogeneity between 200 and 600 m.
Temporal evolution of the BMU in time (not shown) depicts the variations of
water masses in the area. For example, BMUL is appearing around 1970, 1980,
late 1980s and mid 2000s, when LIW intrusions have been detected [2].
However, some additional changes in BMU patterns and their temporal
evolution are obtained when restricting the input variablesto T, S and DO, and
especialy when using only T and Sin the analyses.

The results highlight the advantageousness of the SOM for water mass
assessment, as objective classification may be made for an area. Therefore, the
method may be used for objective classification of the overall Adriatic masses,
and may introduce new insights in our knowledge of existing water mass
definitions, especialy when including chemical parametersin such an analysis.
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Fig. 1. Characteristic profiles (BMU1 to BMU6) of termohaline and chemical
parameters as extracted by the 2x3 SOM from the data collected at D1200
station between 1957 and 2009.
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Abstract

This paper documents the occurrence of strong fortnightly oscillations in the Adriatic Sea, frequently observed in the current
measurements. For that purpose we analyzed half-decadal sealevel series and long-term currents collected within different parts anc
layers of the Adriatic Sea. The fact that strong 10-20 day currents are occasionally in-phase with the Mf sea level tide gives a hint on
a possible mechanism responsible for the generation of these oscillations. Additionally, these currents are usually strongly amplified
during a wesakly stratified season, indicating a baroclinic mechanism responsible for the multiplication of the fortnightly currents.

Keywords: Adriatic Sea, Tides, Currents

There are a number of studies that document the 10-20 day oscillations in
current fields, which are frequently observed in the Adriatic and Mediterranean
Seas [1-4]. Although the atmospheric forces have been suggested as the
generator of these oscillations, such a hypothesis is still not proved and no
significant interconnection with the strongest currents has been found.
Therefore, we attempted to connect the observations with another force not
considered in any of the documented literature, and that includes the
propagation of thefortnightly wave [5, 6] coming from the Atlantic Ocean
through the Strait of Gibratar, being modulated and amplified by the
topography, stratification and atmospheric processes.

We focus our study in the Adriatic Sea, as continuous multi-decadal hourly sea
level series are available there, together with several long-term (about a year)
current measurements. We have used the data collected at the Rovinj (RO) and
Split (SP) tide gauges from 1957 to 2005, and the ADCP deployed off
Dubrovnik between 27 November 2007 and 23 January 2009 at the depth of 84
m. For the assessment of the atmospheric influence we used available hourly air
pressure data from Bari (BA) and Trieste (TR) meteorological stations during
the same interval, analyzing their difference (gradient) that generates the winds
along the Adriatic.

First we performed classical spectral analysis and found that a significant sea
level energy peak between diurna and semi-annual periods is occurring only at
13.66 days, equalling the Mf tide period. By applying harmonic analysis we
estimated a Mf amplitude of 0.89+0.42 cm at Split and of 0.97+0.44 cm at
Rovinj, with no changes in phase between them, indicating that the barotropic
Mf tidal wave is much larger than the Adriatic. Then we extracted 10-20 day
currents from the ADCP station by applying a band-pass Butterworth digital
filter. It may be seen that both the barotropic Mf currents and sea levels are
often in-phase (Fig. 1), indicating a progressive nature of these oscillations. The
predominantly barotropic currents are changing into baroclinic ones in early
April, when dtratification is beginning to develop in mid latitudes. The first
oscillatory event, occurring in April, is in-phase with the air pressure gradient
oscillations over the Adriatic, which is following the documented speculations
on amospheric origin of the generating force of 10-20 day oscillations.
However, the second and the strongest 14-day oscillatory currents event in
2008 may be observed from mid May to early July, when the atmospheric
pressure gradient at these periods was quite low. The oscillatory currents with
maximum velocity amplitude of 15 cm/s were in-phase with the Mf tide for
more then 4 cycles. The in-phase character between the current oscillations and
the force, which may be observed through the water column, also indicates that
the Mf tide could be the generating force.

Two other documented studies are favouring the Mf tide to be a generator of
such oscillations. Martin et al. [4] tried to reproduce the fortnightly oscillations
observed at Paagruza Sill by state-of-the-art ocean numerical model, which
includes all of the atmospheric forcing but not fortnightly tides at the open
boundary. They did not reproduce the oscillations, yielding us to the conclusion
that the force is outside of the model like fortnightly tides. Other study, given
by Kovacevic et a. [3], documents the 10-20 day variability in deep Otranto
Strait currents. We found both observations to be in-phase with the Mf sealevel
tidein the Adritic.
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Fig. 1. The top panel shows band-pass filtered along-Adriatic air pressure
differences as computed from Bari and Trieste measurements. The middle panel
displays the Mf sea level tide. The bottom panel contains band-pass filtered
alongshore currents measured off Dubrovnik in 2008 (the most top and most
bottom current seriesare at 6 and 70 m, filled in by the equidistant 4-m layers).

We believe that similar fortnightly oscillations may be found in other parts of
the Mediterranean Sea, still unexplained as nobody considered the Mf tidal
wave as a possible generator. In addition, the significance and strength of the Mf
tide over the open Mediterranean waters should be mapped through the
process-oriented numerical studies, which will prove the capacity of the
Atlantic Mf tide to propagate within the Mediterranean and to amplify at
topographical barriers and during stratified conditions.
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Abstract

The relation between physical and biological processes affecting the Mediterranean Sea surface layer was investigated by means of
different Empirical Orthogonal Function (EOF) decompositions over remotely sensed chlorophyll-a (CHL), sea surface temperature
(SST) and Mediterranean Absolute Dynamic Topography (MADT) weekly time series (1998-2006). From the climatologica point of
view, there is an inverse relationship between CHL and SST, which is explained in terms of enhanced/reduced nutrient inputs to the
surface layer as a result of the reduced/enhanced water column stratification. The correlation analysis over EOF results identified
physical-biological interactions at both short and long term time scales, and from local to basin scales.

Keywords: Phytoplankton, Temperature, Sea Level

The relation between physical and biological processes affecting the
Mediterranean Sea surface layer was investigated by means of different
Empirical Orthogonal Function (EOF) decompositions over remotely sensed
chlorophyll-a (CHL), sea surface temperature (SST) and Mediterranean
Absolute Dynamic Topography (MADT) weekly time series (1998-2006).
The EOF analysis generally requires complete time series of input maps, with
no data voids. While respective data providers interpolated SST and MADT
time series, CHL maps present several data voids due to the presence of
persistent cloud cover. In this context, in order to fill in missing data, the Data
INterpolating Empirical Orthogonal Functions (DINEOF) technique was
gpplied to CHL images. A validation exercise, comparing 1304in situ
observations with space-time co-located satellite data, showed that, at weekly
time scales, the DINEOF procedure improves data quality by filtering out the
noise.

Fig. 1. Field climatologies (1998-2006) for CHL (a), SST (b) and MADT (c).
Zero level contour line is superimposed onto the MADT map.

From the climatological point of view, atight correlation exists between CHL
and both SST and MADT (Fig.1). The basin and sub-basin scales inverse
relationship between CHL and SST (r=0.64) is explained in terms of
Behrenfeld hypothesis [1]: i.e, surface heating enhances water column
stratification, which in turn prevents nutrient entrainment into the euphotic
mixed layer, and vice versa. At more local scale, highly productive open-ocean
areas are found to correspond with well-known and defined dynamical
structures (as highlighted by the MADT field): in the WMED, these areas are
represented by the cyclonic gyre in the Gulf of Lion, and all along the Algerian
Current from the western Alboran Gyre down to the border between Libya
and Tunisia across the southern sector of the Sicily Channel. In the EMED,
this coupling appearsin relation to the lerapetra Gyre, though less clearly.

This analysis, on a side, provides enlightening insights on the physical-
biological coupling, but on the other it is unable to investigate such a coupling
on other than climatological time scales. The correlation analysis applied to
EOF results, by exploring al time scales, helps giving deeper comprehension
about these relationships. Results from the single EOFs, aong with a cross-
correlation analysis, identified physical-biological interactions at both short
and long term tempora scales, and from loca to basin spatial scales. In

199

particular, the high correlation (r=0.9) between CHL and SST first modes
describes the immediate response of phytoplankton concentration to the
annual cycle of the water column stratification, at both basin and sub-basin
scales. A completely different mechanism links the MED open ocean spring
bloom to the DWF processes, in the north western MED. This is described
by the 5.5 months phytoplankton delayed response to local surface cooling
(as described by CHL and SST second modes). In fact, on one hand, the total
amount of nutrients available in the offshore surface waters depends on the
deep convection events occurring in late winter [2]. On the other hand, the
DWF phenomena are characterized by a fundamental pre-conditioning phase,
during which the surface stratification is significantly reduced.

Despite the good correlation between phytoplankton biomass variability and
the temperature field at seasona time scale, this analysis was unable to
identify the co-variability between the two parameters at interannual
timescale. We interpret this as due to the strong annual component, which
definitely dominates the overall signal within both the first two EOF modes.
In order to highlight then the presence of longer time scale signals and to
investigate the covariance between the phytoplankton biomass and surface
conditions at interannual timescales, the annua cycle and higher frequency
signas have been removed from EOF data input. This data manipulation
consisted in removing the weekly climatology from each weekly field of the
time series, and then of applying a low-pass filter (one year moving average).
This data filtering showed the link between phytoplankton biomass variability
and two distinct interannual signals: a) the modified surface circulation pattern
consisting in a northward shift of the Algerian current, along with its intensity
increase, and the reduced cyclonic circulation in the whole eastern basin; b) to
the surface heat content anomalies during 1998/1999 (particular cold winter)
and 2003 (summer heat wave). This data filtering enabled to investigate the
processes that influence the phytoplankton space and time distribution over
longer time scales. In particular, the phytoplankton biomass variability was
linked to two distinct interannual signals. The first is the modified surface
circulation pattern consisting in a northward shift of the Algerian current,
along with its intensity increase, and the reduced cyclonic circulation in the
whole eastern basin (r=-0.87). One possible explanation is that the reduced
advection of the relatively richer waters of Atlantic origin (in terms of
nutrients and biomass) in the Tyrrhenian and lonian Seas and its increased
dispersal into the western WMED result in a progressive decrease of F-LCHL
concentration in the central MED, creating the positive patch in the western
WMED. The second is the surface heat content anomalies in 1998/1999
(particular cold winter) and 2003 (summer heat wave) (r=0.52), driving the
phytoplankton dynamics in the central WMED, with few months delay. The
observed impact of the water column stratification dynamics onto the
phytoplankton biomass variability recalls the described simple model [3].
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Abstract

Water, heat and salt transport across the Strait of Otranto are estimated. Historical data sets (from December 94 through November
95) are used in this study [1, 2]. A new methodology (Variational Inverse Method [3]) is used to reconstruct the current, temperature
and salinity fields over aregular grid, from the sparse measurements across Strait of Otranto. The direct method [4], which is simply
spatial integration of production of current, potential temperature, specific heat capacity and water density over the transect area, is
applied to gridded data to calculate the transport rates. The air-sea heat fluxes are calculated for the period of study to compare with
heat advection through the Strait. The fresh water budget is estimated as well.

Keywords: Adriatic Sea, Strait Of Otranto, Water Transport, Heat Budget

The water, heat and salt transports through the Strait of Otranto are estimated
applying direct method to historical current and hydrographical data (from
December 94 through November 95). A variational inverse method based on a
variational principle and a finite element solver is used to reconstruct the
current, temperature and salinity fields across the Strait section from sparse
measurements. Characteristics of the current field obtained by this new
application are comparable to the historica studies [2]. The main features,
such as the existence of the horizontal anticlockwise shear in the strait with
inflow (northward currents) on the east and outflow (southward currents) on
the west, and a two-layer system in the central deep portion (with inflow in
the surface and outflow in the bottom layer) are reproduced. The mean annual
inflow and outflow water transport rates are estimated as 0.901+0.039 Sv and
-0.939+0.315 Sv, respectively, and the net transport is equal to -0.032+0.208
Sv. Thus, on ayearly time interval, the inflow and the outflow are practically
compensated. The seasona variation of water transport across the Strait of
Otranto shows that the maximum exchanges take place during winter and
spring, while the minimum exchanges are in summer. The errors of the inflow
transport rates are almost always less than 10%, while the errors of outflow
transport rates have large values 30%-50%. This is due to low spatia
resolution of the current measurementsin the lower layer of the central part of
the cross section, which is located mostly in the outflow region.
Consequently, the higher error on outflow influences the net transport rates
and finally these estimations are associated with larger errors.

The heat and salt transports due to advection process are calculated for the
first time. These estimations are carried out for five monthly periods, namely
December 1994, February, May, August and November 1995. Considering
these five periods representative of the seasonal cycle during the year
(Autumn 1994 and four seasons of 1995), their average values show that there
is anet heat advection into the Adriatic Sea on a yearly basis. The estimated
vaue of advected heat and the corresponding error are 2.408+0.490 TW,
which is equivalent to a heat gain of 17.37+3.53 W m2 for the whole basin.
The heat exchange through the air-sea interface is estimated by applying the
bulk formulas to the meteorological data, namely the ERA-40 reanalysis data
set extracted from European Centre for Medium-Range Weather Forecasts
(ECMWEF). The average surface heat flux for the study period is estimated as
a heat loss of -36+152 (std) W m2 through the air-sea interface over the
Adriatic Sea. The final estimates of the advected heat through the Strait of
Otranto are compared and discussed with the relationship to air-sea heat
exchange over the Adriatic Sea. The two values are expected to balance each
other in order to close the heat budget of the basin. The possible reasons for a
difference to occur are discussed. On an annua time scale the advected heat
should be compensated with the air-sea heat loss. However, on a seasonal time
scale a significant disagreement might be expected. This is due to seasonal
variation of the heat content of the Adriatic Sea, seasona cooling or warming.
Moreover, it can be related to the fact that the heat advection and surface heat
exchange are basically two different mechanisms in time and space. Therefore,
the spatial and temporal scales of these processes are different. Consequently,
they can not balance each other on a short time scale as monthly or even a
seasonal one. The potential temperature distribution indicates that the upper
layer (first 200 m from the surface, including thermocline layer) is associated
with higher temperature and elevated variability, while the lower layers are
associated with lower temperature and smaller variability. This fact may set
up the different role that each of the two layers plays in transporting heat. To
examine this, the heat transport rates are then calculated for the two layers
separately: the upper layer from sea surface down to 200 m depth and the
lower layer from 200 m depth to bottom. The results show that the upper
layer has larger contribution to the heat transport into the Adriatic Sea (heat
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gain), and as the net heat transport, the inflow of heat prevails in this layer.
The lower layer contributes significantly to the heat transport away from the
Adriatic Sea (heat loss). In fact, the net heat transport rates are negative,
which means that the outflow of heat dominatesin thislayer.

The effect of temporal variation of the temperature field, which remains
unsolved by using hydrographic surveys, is examined by simultaneous time
series of current and temperature measurements. The contribution of eddy
heat fluxes to total heat advection is estimated. The contribution is less than
6% [5]. Therefore, by calculating the heat transport from averaged current and
temperature distributions, we asses the major part of the total heat transport,
and consider it as representative of the total heat due to advection. The direct
estimation of heat transport can be used as a constraint for validating the air-
sea heat fluxes [6]. Therefore, by considering the advected heat as a reference,
one can tune the bulk formulas to modify the estimation for the air-sea heat
fluxes.

On ayearly basis, the salt transport is estimated as an input of salt equal to
0.05x10° Kg s1. The average annual fresh water budget is estimated as -0.002
Sv, equivalent to 0.45 m yrl for the entire Adriatic Sea. The import of salt
that is less than the gain of fresh water is in agreement with the fact that the
Adriatic Sea is a dilution basin. The brief results of water, heat, salt and
freshwater transports are presented in Table 1 [5].

Table 1. Water, heat, salt and freshwater transports across the Strait of
Otranto [5]. Units are in Sv (108 m3 s'1), TW (1012 Watts) and MKg/s (10°
Kgs?).

Period Water (Sv) Heat (TW) Sdt (MKg/s) |Freshwater (Sv)
Dec. 94 | 0.045+ 0.182 | 2.068 + 0.148 | 0.007 + 0.086 -0.001
Feb. 95 | 0.163+ 0.206 | 2.633+ 0.259 | 0.033 + 0.091 -0.001
May 95 | 0.055+ 0.232 |1.718 £ 0.293 | 0.065 = 0.058 -0.002
Aug. 95 |-0.118 + 0.177 | 3.287 £ 0.151 | 0.079 = 0.048 -0.002
Nov. 95 | 0.104 + 0.274 | 2.338 £ 0.207 | 0.049 = 0.053 -0.001

Mean |[-0.032+ 0.208 | 2.408 + 0.490 | 0.046 + 0.031 -0.002
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Abstract

The University of the Aegean and the Hellenic Centre for Marine Research have jointly installed a WERA HF radar system &t the
eastern coast of the island of Lemnos, Greece, in an effort to continuously monitor the surface Dardanelles current, a permanent
feature carrying Black Sea Waters into the North Aegean Sea. Through this effort, the two Greek institutions aim ato estimating the
volume flux of Black Sea Waters into the Aegean, as well as fluxes of biochemical properties responsible for the meridiona

oligotrophy gradient in this Mediterranean basin.
Keywords: Aegean Sea, Coastal Systems, Dardanelles, Black Sea

The Mediterranean and Black Seas are two neighboring seas of highly
contrasting thermohaline and biochemical character, connected through the
Turkish Straits System (TSS, i.e. the Dardanelles Strait, the Marmara Sea and
the Bosphorus Strait). The water exchange through the Straits plays a critical
role in the thermohaline and biogeochemical functioning of both seas. The deep
layer of the Black Sea is continuously fed by Mediterranean waters through
the subsurface Bosphorus current, maintaining the high salinity stratification
of the basin [1] and thus, their permanently anoxic conditions [2]. The Black
Sea waters (BSW) entering the Mediterranean as the surface Dardanelles
current, form a light brackish layer over the North Aegean, playing a crucial
role in controlling deep water formation processes in the region [3], and
maintaining a meridional gradient in the oligotrophy of the Aegean Sea[4]. Itis
still unclear from climatic predictions whether the freshwater deficit of the
Mediterranean, or the warming of the sea will prevail, thus contributing to
lower or higher stratification of the sea. Thus, the insulating role of the BSW
surface layer of the North Aegean may become even more crucial in controlling
the thermohaline functioning of the basin. As the freshwater budget over the
large Black Sea catchment area largely determines the characteristics of the
exchange, the latter may become a significant climatic index for the region. For
the above reasons, the University of the Aegean and the Hellenic Centre for
Marine Research have recently installed a WERA High Frequency system for
monitoring surface currents on the east coast of Lemnos isand. The HF
system, named “ Dardanos’, is able to monitor surface currents at semi-hourly
intervals and 1.5 km resolution as far as the Dardanelles exit, thus providing a
formidable tool for high-frequency monitoring of the surface circulation of the
region (figure 1).
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Fig. 1. Surface current map from October 25th, 2009. The darker shades at the
northern part of the domain (corresponding to higher velocities) define the
extent of the Dardanelles current

201

Our initia planning required that the system's range extends to the mouth of
the Strait, in order to be able to separate the Dardanelles Current from a very
energetic anticyclone that often contributes to the current through the Lemnos
- Imvros channel. The HF system has been in operation since October 2009,
and preliminary analysis of the data reveals that the system fulfills the above
requirement about 30% of the time. Furthermore, the range of the system
appears to vary depending on weather conditions. We examine the potential
bias such behaviour could pose on the estimated Dardanelles volume fluxes.

A possible challenge is the estimation and removal of Stokes drift from the
observed currents in order to assess the Dardanelles outflow. It should be
noted that a linear antenna array (beam forming method) would permit a direct
measurement of the wave field, however such a methodology was not
applicable in this case due to topographic restrictions. Preliminary anaysis
has also revealed the sporadic presence of areas of erratic measurements,
possibly due to electromagnetic noise in the region. Such errors should be
readily removed through statistical methods.

While HF radars are being used worldwide mainly for operational purposes
and for process studies (especially for coastal dynamics studies), it is-to our
knowledge- the first time that such a system will be exploited in climatological
monitoring of basin exchange and thermohaline functioning. The Department
of Marine Sciences of the University of the Aegean aims at exploring different
methodologies of estimating mixed-layer-depth and assume slab-layer
behaviour in an effort to estimate the volume flux of Black Sea Watersinto the
Mediterranean. This time series will be compared with estimates from
previous studies. The Hellenic Centre for Marine Research plans to exploit
the information in improving its circulation predictions for their operational
oceanography project and other climatological applications. The produced
information will aso be available for studies of the ecological functioning of
the North Aegean, of pollutant dispersion (taking the Dardanelles exit as a
potential point source of pollution in case of a marine accident), and in any
related operational oceanography applications.

The installation of the HF system in Lemnos was supported by the project
"Prevention and management of sea-originated risks to the Coastal Zone
(CORI), funded by INTERREG-I1IB Archimed. Testing and quality control
was supported by the MarinERA MedEX project.
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Abstract

In ‘80s, during the few seasonal POEM (Physical Oceanography of the Eastern Mediterranean) cruises in the SE Levantine Basin
was first depicted a mutli-pole gyre, the Shikmona, formed by three eddies with the Cyprus one being most pronounced and an
offshore cross basin current, the Mid Mediterranean Jet. A considerable much larger amount of seasona in-situ data were collected
from various observing platforms in the SE Levantine Basin from 1995-2009, mostly in the framework of the CYBO cruises and
secondary by some other collaborative cruises and projects. These new in-situ data sets show a strong spatial and temporal variability
of the Cyprus warm core eddy, of the Atlantic Water and of the associated MM J displacement in the area.

Keywords: Levantine Basin, Circulation Models, Cyprus Arc, Currents

Preface

The generd circulation in the Eastern Mediterranean as inferred from severa
cruises in 1960s and 70s [1], shows an anticlockwise flow with sub-basin
features in the Levantine Basin, with the Rhodos gyre being the most well
pronounced. In‘80s, during the POEM international field experiments [2,3], a
more detailed structure of the mesoscale circulation was defined to consist of
severa aternative cyclonic and anticyclonic gyres and eddies. Further, it was
first shown that as a result of the interaction between these cyclonic (Rhodos)
and anticyclonic (Mersa Matruh and Shikmona) gyres, an offshore cross basin
jet is generated, named the Mid Mediterranean Jet (MMJ). In the SE Levantine
the POEM group defined the Shikmona gyre as a multi-pole gyre, consisting of
3 eddies, of which the Cyprus one is the most well pronounced. Despite the
fact that the Levantine Basin is characterised with the highest salinity at the
surface and intermediate layers of the Mediterranean, less saline waters of
Atlantic origin spread at the sub-surface layers, aimost throughout the basin, as
a results of the water volume compensation for the high rates of the sea water
evaporation in the Levantine and of the outflow of the intermediate water into
the North Atlantic [1].

Discussion and Results

The analysis of new in-situ datasets gathered in the SE Levantine during the
period 1995-2009 from CYBO and CYCLOPS cruises, HaiSec cruises, NRT
data of the CYCOFOS observing system, as well as extended use of satellite
remote sensing data collected during the same periods, helped define in details
not only the daily and seasonal, but aso the inter-annua variability of the
dominated mesoscale flow features and of the water masses displacement in the
region.

These long term seasonaly collected in-situ datasets reveal that the dominant
and permanent flow feature in the SE Levantine is the Cyprus warm core eddy,
that undergoes significant seasona and inter-annual fluctuations in terms of its
shape, size, intensity and location. Moreover, the establishment of a secondary
warm eddy in the SE part of the study area was found during periods when the
Cyprus eddy became weaker, as was shifted westward for about 80 nm away
from Eratosthenes SM. Also during the long term CYBO campaigns it was
found the re-establishment of the non permanent Shikmona gyre, when the co-
existence of 2-3 warm eddies was observed. Particularly, during certain short
periods related to the generation and destruction mechanism of the warm core
eddies circulated within the Shikmona gyre, when it is present. The latter is
recently evident from drifters tragjectories, gathered by the NEMED project,
which show that the instability of the strong northward current flowing along
the Israel-Lebanese coast generated an anticyclonic eddy. The latter, detached
away from this northward current towards the area of the secondary eddy, as
observed by CYBO cruises.

These new data confirm the previous works [2, 3] that the MMJ enters the
study area from the southwest, after crossing offshore the basin from the
southwest. Furthermore during the CYBO cruises it was found that this jet
meanders between Cyprus and the northern periphery of the Cyprus warm core
eddy [4, 5]. The Cyprus warm core eddy, the Shikmona gyre (when appears),
the smaller-scale non permanent cyclonic and anticyclonic eddies in the region,
increase the complexity of the MMJ flow path and thereby of the AW
transport in the SE Levantine.

The AW in the SE Levantine is very well pronounced during summer periods,
mostly at the sub-surface depths, below the thermocline (~40 m) and down to
the depth of ~80m, with salinity as low as 38.65-38.9. Periodicaly the AW
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was also defined at the surface, in the western part of the SE Levantine. During
winter mixing processes the AW mostly is absent from the region, however, in
winter periods with mild weather conditions all over the Mediterranean, the AW
can be traced in the study area at the surface too. Throughout the study period
the AW is well pronounced south and southwest of Cyprus. The MMJ is
documented to transfer the AW eastward within the Levantine Basin. It was
found that the MMJ transfers the AW along the periphery of the Cyprus warm
core eddy, at the subsurface layers. AW has also been observed close to the
Egyptian coast, as aresult of awestward re-circulation, either of the MMJ or of
a current flowing eastward along and closer to the Egyptian coast. During most
of the examined periods the MMJ was found to be a main flow pathway for
transferring the AW within the SE Levantine Basin.
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Fig. 1. Schematic of the genera circulation in the SE Levantine showing the
Cyprus eddy, the secondary eddy and the MMJ, as depicted from the CYBO
cruises, 1995-2009.
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