for assessing the performance of all available current fore-
casts in the Balearic Sea and the southeastern Bay of Bis-
cay. The models have shown varying levels of skills in
predicting the trajectory of the observed drifters, depend-
ing on the region and on the analysed period, mainly
related to their different capacities to reproduce coastal
processes (e.g. inertial oscillations, submesoscale eddy
activity, intensification of the Iberian poleward current)
and diverse flow regimes (including seasonal modulation).

One surprising result is the better performance of
some models when compared to the HF radar derived
surface currents for some of the scenarios considered.
As the skill score is region-dependant and scenario-
specific, this might not be a general rule, and more simi-
lar experiments are needed to be able to draw some con-
clusions. Furthermore, it should be considered that skill
scores computed at the model domain boundaries and in
areas with higher HF radar observational errors penalises
the overall results.

Findings highlight the need of including this type of
skill assessment services to evaluate and monitor the per-
formance of operational systems and the accuracy of its
products in order to unlock their potential for different
applications.
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Section 3.5: Surface picture of the Levantine
Basin as derived by drifter and satellite data
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Statement of main outcome: Ocean circulation derived
from drifter data covers not only oceanographic and cli-
mate research but also spread and retention of pollu-
tants. The latter field has a strong societal impact
because it is able to give the measure of political action
efficiency in such a delicate sector. Moreover, it is able
to actively improve the policy-making of the environ-
mental governance. The scientific knowledge derived
from such a topic is transferable easily to the public in
an accessible form to benefit the relationship between
science and society and to respond better to the human
needs.

The surface circulation in the Levantine Basin derives
from the complex interaction among multi-scale flow
patterns, producing a high spatio-temporal variability
of the current field. A considerable amount of in situ
data has been collected in this region, giving us the
opportunity to produce an updated version of the surface
current paths (1993-2018). Drifter data are compared
with satellite altimetry data in order to define a detailed
and complete picture of the main quasi-permanent
structures and of the along-slope currents. This updated
description of the circulation pattern reinforces the work
of the scientific-societal communities in defining the
southeastern Levantine basin as the most critical area
of marine litter accumulation.

Data use:

Ref.
No. Product name and type

3.5.1 SEALEVEL_MED_PHY_L4_NRT_ PUM: http://marine.copernicus.eu/
OBSERVATIONS_008_050 documents/PUM/CMEMS-SL-
SEALEVEL_MED_PHY_L4 REP_  PUM-008-032-051.pdf
OBSERVATIONS_008_051 QUID: http://marine.copernicus.eu/
documents/QUID/CMEMS-SL-
QUID-008-032-051.pdf
3.5.2 INSITU_MED_NRT_ PUM:
OBSERVATIONS_013_035 http://marine.copernicus.eu/
documents/PUM/CMEMS-INS-
PUM-013.pdf
QUID:
http://marine.copernicus.eu/
documents/QUID/CMEMS-INS-
QUID-013-030-036.pdf

Documentation

3.5.1. Introduction

The marine litter has really become a serious problem in
the Mediterranean Sea. This issue is intensified by the
limited exchanges of the Mediterranean with the open
ocean, the high degree of urbanisation along the coasts
and the high level of maritime traffic. The pollution
caused by marine litter can deeply impact human and
animal health and create an economic damage to the
societal environment. The most abundant marine litter
items worldwide are plastics (Gregory and Ryan 1997)
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and they constitute more than 80% of the floating debris
in the Mediterranean Sea (Galgani 2014; Suaria and
Aliani 2014). Their persistence in the marine environ-
ment and their slow degree of degradation (Barnes
et al. 2009) make the plastics a threat that has to be mon-
itored and possibly reduced.

The geography of the Mediterranean basin and its
general surface circulation scheme contribute to create
a sort of re-circulation system of floating debris in
which they are distributed into possibly retention and
stranding areas within the basin.

Recently, Lagrangian models and in-situ data have
been used to estimate the drift of floating debris (Mansui
et al. 2015; Liubartseva et al. 2018) and the probability of
debris particles to reach different areas of the Mediterra-
nean basin (Zambianchi et al. 2017). The results of the
mentioned studies have defined the Southern Levantine
basin as a sort of ‘garbage patch’ of the Mediterranean,
where the surface currents contribute to enhance the
local increase of floating litter (Zambianchi et al. 2017).
In particular, the southern coast of the Levantine
seems to be a site of destination/accumulation of pol-
lution that extent also towards Syria and the Cilician
area (Mansui et al. 2015; Liubartseva et al. 2018). Cur-
rently, the statistics performed in Zambianchi et al.
(2017) are based on Lagrangian drifter data updated to
2014. The aim of this work is to provide an updated ver-
sion of the surface circulation patterns in the Levantine
sub-basin, adding the copious drifter data collected
after 2014.

3.5.2. Results and discussion

Drifter velocities (CMEMS product Ref. No. 3.5.2), col-
lected in the Levantine basin during the period 1993-
2018 (Figure 3.5.1), are compared with the concurrent
satellite altimetry products (Absolute Dynamic Topogra-
phy - ADT, CMEMS product Ref. No. 3.5.1) in order to
add new and further insights to the mean and seasonal
circulation patterns of this area. More details about the
drifter data processing are available in Menna et al.
(2017, 2018).

The two datasets fit rather well (Figure 3.5.1(b)) and
define the well-known cyclonic coastal circuit in the
Levantine sub-basin (Menna et al. 2012) with strength
as large as 15 cm/s along the southern and eastern coasts
(Libyo-Egyptian Current - LEC) and larger than 25 cm/s
along the northern coast (Cilician Current - CC - and
Asia Minor Current - AMC), in agreement with the
results of Menna et al. (2012). The interior of the Levan-
tine basin is longitudinally divided into two parts by the
zonal meandering Mid-Mediterranean Jet (MM]; speeds
of 10-15 cm/s), with prevalent anticyclonic/cyclonic

structures located southern/northern of the MM]J path-
way. For some years after the publication of Millot and
Taupier-Letage (2005) and Millot and Gerin (2010)
there was a debate about the existence of the MMJ.
According to the above-mentioned authors, the MM]
may not be a proper eastward current but it can corre-
spond to the northern limb of the anticyclonic eddies
generated by the instability of the along-slope LEC.
Nevertheless, the work published thereafter by Menna
et al. (2012), Poulain et al. (2012), Schroeder et al.
(2012) and more recently by Mauri et al. (2019) demon-
strate unambiguously the existence of the MM]J.

The main anticyclonic structures that characterise the
surface current field south of the MM]J signature are the
mesoscale Egyptian eddies (EE; speeds of 10 cm/s)
derived from the instability of the along-slope current
(Hamad et al. 2005, 2006; Menna et al. 2012), the sub-
basin scale Mersa-Matruh Gyre (MMG; maximum
speeds of ~ 25 cm/s) and Cyprus Gyre (CG, mean speeds
of 10-20 cm/s) (Gertman et al. 2007; Mauri et al. 2019).
The Shikmona Eddy (ShE) is defined in literature as a
very complex system, composed of several cyclonic and
anticyclonic eddies (Gertman et al. 2007; Mauri et al.
2019), and formed as pinched off meanders from the
instability of the coastal current (Menna et al. 2012);
its position, sizes and intensities vary markedly over
time (Mauri et al. 2019). The mean pattern of the ShE
is cyclonic (Figure 3.5.1(b)) in the period 1993-2018.

The main cyclonic structures located north of the
MM]J signature (Figure 3.5.1(b)) are the sub-basin
scale Western Cretan Gyre (WCG; speeds of 10-15
cm/s) and the Rhodes Gyre (RG; speeds of 15-25 cm/
s). In addition to these large cyclones, there is a mesos-
cale cyclonic eddy generally squeezed between Syria and
the eastern Cyprus coasts, known as Latakia Eddy (LTE;
speeds of 10 cm/s). The LTE is generated by the inter-
action between the MM]J and the northward coastal cur-
rent (Zodiatis et al. 2003; Menna et al. 2012). The
cyclonic pattern along the northern coasts of the Levan-
tine is interrupted only by the anticyclonic, wind-driven
Terapetra Gyre (IG; speeds of 15 cm/s), induced by the
northeasterly Etesian winds (Amitai et al. 2010). Alti-
metry data point out another cyclonic mesoscale struc-
ture (centred at 33.7°N and 25.3°E) that has never been
described before in literature as a stand-alone structure,
but sometimes it is included in the WCG system (e.g.
Poulain et al. 2012; Pinardi et al. 2015). The occurrence
of a recurrent cyclonic structure in this region is
confirmed by the DYNED-Atlas database (Le Vu et al.
2017; https://dyned.cls.fr/seewater/#! &page=isv-
mainPage), that uses the Angular Momentum Eddy
Detection Algorithm in the period 2000-2017, to locate
and track the surface signature of mesoscale eddies in
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Figure 3.5.1. (a) Drifter trajectories and (b) mean drifter currents (arrows, CMEMS product Ref. No. 3.5.2) in bins of 0.25° x 0.25° super-
imposed on the mean map of ADT (CMEMS product Ref. No. 3.5.1) between 1993 and 2018. Black arrows in (a) emphasise the location of
the main currents, sub-basin and mesoscale eddies and gyres adapted from Menna et al. (2012); acronyms are defined in the text. Black

contour lines in (b) are referred to the ADT field.

the Mediterranean Sea. The DYNED-Atlas database
describes a cyclonic structure whose core is located
between 33.4°N and 34.3°N and between 24.7°E and
25.7°E for over a third of the 17 years analysed. This
mesoscale cyclone, located southwest of the IG, is
defined hereafter as Southern Cretan Eddy (SCE; speeds
of 5-10 cm/s). Drifter derived currents do not clearly
identify the edge of the SCE (due to their non-hom-
ogenous spatial and temporal sampling) but detect the
occurrence of a cyclonic meander in this region.

The seasonal variability of the surface currents field
was estimated dividing the dataset in two extended sea-
sons, selected following the suggestion of Menna et al.
(2012): the extended winter corresponds to January—

June (Figure 3.5.2(a)), and the extended summer to
July-December (Figure 3.5.2(b)). The dataset used in
this work allows to add more details than the previous
literature on the seasonal variability of circulation struc-
tures, especially in the easternmost part of the Levantine
where, after 2010, a conspicuous amount of drifter data
was collected in the framework of some international
projects. The WCG, IG, MMG, and the southern limb
of the RG are more dynamic in summer (Figure 3.5.2
(b); speeds up to 30 cm/s), as well as the CC, AMC
and the LTE (speeds larger than 20 cm/s). The CG is
more intense in winter (Figure 3.5.2(b); speeds of 10-
15 cm/s), whereas it appears weaker and zonally
elongated during summer (Figure 3.5.2(b); speeds of



5102 COPERNICUS MARINE SERVICE OCEAN STATE REPORT, ISSUE 4

10-15 cm/s). The ADT values are generally higher in
summer. The SCE is a permanent structure observed in
both the seasons with greater intensity during summer
(speeds of 18 cm/s); its shape and location are influenced
by the seasonal and interannual variability of IG.

The year 2018 is characterised by higher intensity of
the anticyclonic structures (Figure 3.5.3(a)) compared
to the mean field of the period 1993-2018 (Figure 3.5.1
(b)). Drifters entrapped in the MMG show a strengthen-
ing of this feature (speeds larger than 40 cm/s) and an

ADT/(cm)
30°N
24°E 27°E
 ADT/cm)
30°N

increase of its longitudinal extension (diameter of
about 400 km). The centre of the CG (Figure 3.5.3(a))
is shifted to the west with respect to its mean location
(Figure 3.5.1(b)), and the main lobe of the ShE is antic-
yclonic and located south east of Cyprus (Figure 3.5.3
(a)). The cyclonic activity is weakened in the region of
the RG and the SCE disappears (Figure 3.5.3(a)). The
sea level rises almost everywhere with larger increments
along the coasts, in the IG and MMG and south of
Cyprus (Figure 3.5.3(b)).
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Figure 3.5.2. Mean drifter currents (arrows, CMEMS product Ref. No. 3.5.2) in bins of 0.25° 0.25° superimposed on mean map of ADT
(CMEMS product ref. No. 3.5.1) in the extended winter (a) and extended summer (b). Contour lines refer to the ADT field.



Model results by Zambianchi et al. (2017) rep-
resent probabilities of finding particle retention
areas based on the transition matrix of drifters
deployed in the Mediterranean and floating until
2014, showing a marked asymptotic maximum in
the southeastern Levantine basin. The above discussed
more recent drifter data show, in particular, an inten-
sification of anticyclonic eddies developing in that
same area, namely south of the MM]. As recently
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discussed by Brach et al. (2018) in a comparative
analysis between cyclonic and anticyclonic eddies in
a similar context, the latter show a much stronger
capacity to entrap litter particles. For this reason,
we expect that the situation of 2018 may have led
to an even enhanced accumulation off the coasts of
Libya and Egypt, and a possible resulting northeast-
ward migration as hypothesised by Liubartseva et al.
(2018).

—
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Figure 3.5.3. Mean drifter currents (arrows, CMEMS product Ref. No. 3.5.2) in bins of 0.25°x 0.25° superimposed on the mean map of
ADT (colours, CMEMS product Ref. No. 3.5.1) in 2018 (a); anomaly of the ADT field in 2018 with respect to the period 1993-2018 (b).
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3.5.3. Conclusions

The Mediterranean drifter dataset updated to 2018 not
only provides more data but also guarantees a more
complete spatial and temporal coverage in areas that
were previously less sampled (like the northern part of
the Levantine sub-basin).

The improvement of the drifter dataset is fundamen-
tal in strengthening and supporting present and future
studies on the transport of marine litter. Indeed, a
more detailed and robust description of the main cur-
rents and sub-basin/mesoscale structures (eddies and
gyres) has been provided in this work: the SCE has
been mentioned here for the first time and the CC and
AMC are now much better tracked in winter seasons.
It has been recently declared that the Mediterranean is
most likely one of the areas of the global ocean most
strongly impacted by the presence of microplastics
(see, e.g. Suaria et al. 2016); within the Mare Nostrum,
the Levantine sub-basin is a highly marine litter con-
taminated area and a deeper knowledge of the floating
matter propagation is necessary to deeply understand
the mechanisms of the waste dispersion. The drifter
dataset will help in this context, providing a more robust
description of the current field that will favour the learn-
ing mechanism of the distribution, retention and
accumulation of the marine floating debris in the Medi-
terranean Sea and in particular in the Levantine sub-
basin. This implies that enhancing the Lagrangian data-
set is of great importance not only for the advancement of
the knowledge of the mechanisms governing the dynami-
cal functioning of the Mediterranean, but also for the
strong societal impact that a deeper awareness of local dis-
persion processes may provide to the assessment of mar-
ine litter distribution and to the design of possible
mitigation strategies of such a critical environmental issue.

Note
1. https://data.worldbank.org/indicator/ny.gdp.defl.zs.
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