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Abstract

The multi-platform POSEIDON-Pylos observatory of the south-east lonian Sea oper-
ates since 2007 delivering near real time data for a variety of meteorological, water col-
umn and near seabed oceanographic parameters. It has been designed to contribute
to long term monitoring of air—sea interaction and thermohaline processes of this key
area of the Eastern Mediterranean where water masses of different origin interact and
transform at various temporal and spatial scales. An inductive mooring line, with CTD
instruments adjusted on, provides salinity, temperature and pressure real-time data
down to 500 m depth. Recorded data, for the years 2008-2010, were extracted from
the instruments internal logger providing more enhanced timeseries in terms of resolu-
tion and continuity. The reprocessed datasets are analyzed in combination with atmo-
spheric, currents buoy measurements and CTD profiles obtained during maintenance
visits on the site. The delayed mode analysis shows the hydrodynamic properties of
the area and reveals the dynamic picture of the south lonian upper thermocline as well
as the variation of T & S in deeper layers. One can also observe seasonal atmospheric
and circulation patterns, other synoptic and seasonal scale signals as well as important
inter-annual variability such as a strong signal of Levantine Intermediate Waters (LIW)
at intermediate depths during the spring of 2009.

1 Introduction

In the framework of the national buoy program of Greece, HCMR has been operating
for the last 13 yr a network of observing platforms in the Aegean and lonian Seas. The
POSEIDON program has been implemented, contributing to the efforts of GOOS and
its Mediterranean component MedGOOS and consists of the first integrated Opera-
tional Oceanography system in Eastern Mediterranean sea. It is typically composed of
three components: (a) the data collection system operating in real time, (b) the data
analysis and forecasts production system, and (c) the products dissemination to end-
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users system. The buoy network which constitutes the backbone of the system has
been upgraded through POSEIDON Il project (2005-2008). During that period the op-
erational oceanographic team of HCMR implemented major upgrades to the monitor-
ing and forecasting infrastructure of the POSEIDON system (www.poseidon.hcmr.gr).
These upgrades included the development of two new multi-parametric observatories
in the southern Aegean (E1-M3A) and the south-east lonian Seas (Pylos). These two
stations have become a part of EuroSITES network of open sea multi-sensor moored
arrays which operate at European level and contribute to OcenaSITES global network
of open sea Eulerian observatories. The POSEIDON-Pylos station that started to op-
erate in February 2007 consists of a surface buoy that hosts the meteorological and
surface oceanographic sensors, and an inductive mooring line capable of hosting CTD
sensors down to 1000 m depth. Furthermore, an autonomous seabed platform, that
delivers data using underwater acoustic technology, was also deployed during 2008
to monitor deep sea (1670 m) temperature, salinity and dissolved oxygen data as well
as high frequency pressure measurements for tsunami detection. With the sea-bed
platform, the Pylos station became the first Mediterranean open-sea tsunami detection
system that can contribute to an integrated warning system for the basin.

The lonian Sea is characterized by complex hydrology where different water masses
meet and interact. The interaction between water masses of western and northern ori-
gin (Western Mediterranean and Adriatic Seas) and water masses formed in Aegean
and Levantine Seas creates a transitional area which affects the circulation and bal-
ance of the wider region in both seasonal and inter annual timescales. The basin’s wa-
ter mass-structure of this area includes: the Modified Atlantic Waters (MAW) which are
occupying the upper 25-100 m of the water column and are characterized by a salinity
minimum, the Levantine Intermediate Waters (LIW) that occupy typically the 100-500 m
layer and are characterized by a salinity maximum, the Transitional Waters (TW) occu-
pying a layer 500—-1200 m deep and the Eastern Mediterranean Deep Waters (EMDW)
filling the layers below 1200 m (Nittis et al., 1993; Malanotte-Rizzoli et al., 1997). The
Eastern Mediterranean Transient (EMT) of the early 90s’ associated to massive produc-
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tion of dense water in the Aegean Sea further complicated this structure (Theocharis
et al., 1999). The older EMDW of Adriatic origin, occupying the lonian Sea basin, were
lifted into the transitional layers from the newly formed warm and saline Aegean or Cre-
tan Deep Water (CDW) which occupied deep layers. In addition, the intermediate water
masses were occupied by Cretan Intermediate Waters (CIW) with characteristics simi-
lar to LIW (Malanotte-Rizzoli et al., 1999). The origin of the EMT has been attributed to
both regional meteorological anomalies (cold winters, reduced precipitation) and long-
term salinity changes in the region, related to climatic variability and anthropogenic
activities. This major change of the thermohaline circulation in the Mediterranean Sea
has demonstrated the vulnerability of the basin to external forcing, reaffirming the re-
gion as a perfect laboratory for studies of ocean dynamics, including climate variability
effects.

Located approximately 10 miles off the west coast of the southern Peloponnese at
the south-east lonian Sea, the observatory’s location is ideal for studies of the East
Mediterranean Sea thermohaline circulation and its variability attributed to regional or
larger scale forcing and climate change. Temperature and salinity time-series from sev-
eral depths exhibit a complex picture of this transitional area characterized by complex
hydrology. Furthermore, it is a very geologically active area with lots of earthquakes
and landslides as well as a potential source of Tsunamis that might affect the Eastern
Mediterranean Sea.

2 System description
2.1 Architecture and configuration

Pylos observatory is a part of POSEIDON buoy network that consists of 10 oceano-
graphic mooring sites monitoring in the Aegean and lonian Seas (Fig. 1).

It combines a multi-parametric surface buoy with an inductive mooring cable and
a deep seabed platform. The buoy used at Pylos site is a Fugro—Oceanor Wavescan
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type which is a platform suitable for deployment in deep offshore locations and can
host a large number of sensors and different telecommunication systems. The acous-
tic communication system between the seabed platform and the surface buoy enables
real-time data transmission from the sea bottom (Fig. 2). Every 3 h the data is collected
and transmitted through a dual GSM/GPRS and INMARSAT-C satellite system to the
receiving station in HCMR. A bi-directional communication real-time link for low level
debugging and possible reconfiguration of the buoy is a significant advantage. In the
case of the backup system (INMARSAT-C) the frequency spectrum of the wave mea-
surements is not transmitted (size limitation). The actual data collected by the station
are saved locally inside a flash memory of the buoy’s CPU prior to transmission and re-
main there to be downloaded usually on every maintenance survey. Additionally, most
sensors used on this site are configured to store the measured data in the internal
memory so that if the acquisition system or the cable connecting the sensor to the
acquisition system fails, the data can be recovered during the maintenance missions
when the sensors are recovered. The data is stored in a binary encoded format to opti-
mize for size. The transmitted data are collected at the POSEIDON operational center
where automatic near real time quality control processes are applied on a daily basis.

The observatory integrates a variety of sensors for monitoring atmospheric and
oceanographic parameters as shown in the table below (Table 1).

2.2 Seabed component — Passive Aquatic Listener (PAL)

The SDSM (Seawatch Deep Sea Module) observatory lies on the seabed below the
surface buoy at approximately 1700 m depth. It is especially designed for tsunami
surveillance and is equipped with a high-resolution pressure sensor that measures
the sea level every 15s. Internal processing applies the DART algorithm (Gonzalez
et al., 1998) to identify a tsunami event based on user defined thresholds. When such
condition is detected the message is immediately communicated to the surface buoy
through a hydro acoustic link which in turn is relayed to the operational centre. On nor-
mal operation mode the SDSM transmits the measured salinity, temperature, pressure,
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dissolved oxygen and sea level every 3h. These data are also stored on the internal
memory of the platform along with the high frequency pressure time series that can be
uploaded when the platform is recovered. The SDSM is powered through an on board
battery pack and it can remain operational for over 2 yr. The platform is recovered by
activating a releaser.

The Pylos observatory has also been used as a test-bed for new generation acous-
tic sensors. A Passive Aquatic Listener (PAL) consists of a high sensitivity microphone
capable of recording the ambient sound field in the ocean. With a frequency range
from 1 to 50 kHz, this sensor records sound signals deriving from wind, rain, storms,
ships and mammals and allows the analysis, interpretation and quantification of these
procedures. This information is a combination of natural and manmade sounds and re-
veals geo-physical, biological and anthropogenic processes in the ocean (Amitai et al.,
2008). PAL has been tested at 500 m depth in a real-time transmission mode using an
inductive modem and the existing inductive mooring cable of the platform.

3 Data processing
3.1 Acquire data — quality control procedures

The POSEIDON operational centre collects the transmitted data where automatic near
real time quality control checks are applied upon the timeseries on a daily basis.
This analysis has been established during the previous European projects MFSTEP,
MERSEA and is performed before data is archived and released as standard qual-
ity controlled daily products. This quality control process is an integral and important
part of the operational process. Its significance derives from the fact that ocean data
measurements are sparse and often present a variety of dubious and false values. Bio-
fouling, sensor failures, anchoring and transmission problems are among the common
causes of corrupted data. In terms of operational activities, this analysis must be held
in real-time conditions and has to be as reliable as possible. Once the data is decoded,
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a date/hour confirmation check is applied to ensure no corruption has occurred, then
several tests and specific flags are attributed to data which fail or pass these numer-
ical checks. These tests are based on some pre-assigned principles. Firstly, values
must vary between certain bounds which are determined by the instrument measure
range and the regional climatology. Furthermore, values may vary with a maximum
rate of change (within a specific timeframe) and that has to do mainly with the thresh-
old applied upon each measured parameter. To check the correct functioning of sen-
sors over time, data has to pass the stationarity test that shows whether values are
stuck and recur in continuant measurements. It is obvious that, in order to apply the
appropriate flags to each value, a combined knowledge is needed about the physical
processes, technical details such as analog to digital conversions, transmission meth-
ods etc (Fig. 3).

Two types of daily files are produced, ASCII (Medatlas) and Binary (NetCDF), in or-
der to contribute to the integration of data streams inside International and European
projects (OceanSITES, SEPRISE, MyOcean etc.). Finally data are stored in the PO-
SEIDON information system using a normalized MySQL database. Its design supports
our demand for quick search and reliable results on the parameter values and their
metadata. The table, that contains the data information, associates them with their
metadata and a flag, which shows if the parameter has passed through a quality con-
trol process and serves quality checking purposes (Kassis et al., 2008). After the first
level of the data quality assurance, a delayed mode visual inspection of the data is also
performed on a regular basis inherent with the maintenance of the sensors that takes
place after every new deployment.

3.2 Water column timeseries

In this analysis, all temperature and salinity data presented are extracted from instru-
ments’ internal data loggers. These timeseries lack no-data periods or stuck values
due to transmission or system failures. Additionally they are of higher resolution thus
more enhanced, although some gaps remained related to rejected dubious data after
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a delayed mode quality check. The recovered sensors after each maintenance mis-
sion are checked in the laboratory of HCMR and raw data are extracted. On a regular
basis a calibration process upon a set of sensors is taking place in the laboratories
of HCMR’s department in Crete. Three years (2008—2010) of temperature and salinity
data from 8 SBE-37 CTD instruments are presented here. The sensors were mounted
on the mooring line at several depths (1, 20, 50, 75, 100, 250, 400 and 500 m). A de-
layed mode data re-processing was performed including delayed mode data quality
control. Potential temperature and density were calculated and data were filtered in or-
der to remove daily variability. A low-pass 4th order Butterworth digital filter was used
with a cut off frequency of 1/40 of half the sample rate (3 h). The transfer function form
is obtained through a Matlab script by calculating the filter coefficients in length 5 row
vectors b and a, with coefficients in descending powers of x (Eq. 1):

oo < b0 +b@x " +b@x2+b@)x 2+ b(E)x" (1)

1+a(@)x'+a@)x2+a(@d)x3+a(5)x*

4 Results and discussion
4.1 Atmospheric forcing — surface currents

Air temperature variation for the 3yr period presents the seasonal cycle with the
low temperatures during winter period (9-18°C) and high during summer (20-30 °C).
Two transition periods are characterized by a gradual temperature drop (September—
December) and rise (April-July) associated with the solar flux decrease and increase
respectively (Fig. 4). The summer period of 2009 presents lower average temperature
in comparison with 2008 and 2010. Especially in 2010 one can observe the warmest
summer period and the reduced decrease in gradient during the autumn months, while
low temperature seem to dominate for a longer time period during the winter and spring
of 2009 (January—May).
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The wind field is characterized by an intense variability regarding wind velocity with
values ranging from 2 to 9 ms™' and the prevailing winds are of north-west origin with
a secondary distribution of a south-east component. The year 2010 presents a higher
wind forcing and variability while during 2008 lower winds are dominating (Fig. 5). The
sea surface circulation shows a larger distribution regarding direction. A dominant cir-
culation pattern composed of southern and south-eastern currents with a secondary
northern flow shows a significant affection of the local wind forcing. During 2009 current
flow appears less energetic, especially during summer period in contradistinction with
2008 and 2010 (Fig. 6).

All direction data expressions are based on the meteorological circle (with north de-
noted as zero). Wind values denote the origin (i.e. zero degrees refer to wind/wave
originating from the north) while the current values denote the destination (zero de-
grees refer to a flow that is moving northwards).

Current speed varies between 5 to 40cm s~ with an energy peak during summer
of 2010 when reached velocities over 60cms™". This was a northward flow associated
with the prevailing northern, north-western winds of that period as shown on the follow-
ing feather diagrams (Figs. 7 and 8). An important thermohaline circulation is traced
as a strong north-eastern current flow component (end of June—middle July) coexists
with the prevailing northern winds of that period. However when northern winds get
stronger (late June, July and August) this pattern is destroyed.

4.2 Hydrodynamic measurements of the water column

Temperature and salinity timeseries recorded at pre-assigned depths by CTD instru-
mentation adjusted on the mooring line are presented after being checked and filtered
with the procedures described previously. Furthermore CTD casting profiles were per-
formed regularly during every maintenance mission with R/V AEGEO using a SBE
9 CTD profiler which undergoes a yearly calibration assessment. Both data sets are
synthesising the water column variability picture over the 3 yr period (2008—2010). In
the following graphs (Figs. 9—12) potential temperature and salinity timeseries together
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with the associated contour plots are presented. Short and long term variability of the
surface and intermediate layers reveals the important changes on basic physical prop-
erties in this transitional area. Two different water zones are studied separately as the
surface layers (1-100 m) are characterized by abrupt changes and show intense strat-
ification, whilst at intermediate depths (250-500 m) slower processes are dominating.

The table below (Table 2) shows indicative values regarding the range of 7, S and ¢6
raw datasets for every year in each depth zone. Density fields present minor changes
in terms of range and mean values in both depth zones. Nevertheless important dif-
ferences appear to exist in the temperature and salinity records reflecting possible
features and processes on an inter-annual timescale.

The distribution of the physical water properties (7, S) along time is presented on
the next figure (Fig. 13) for each measured depth. As expected, subsurface layers are
widely dispersed reflecting seasonal changes in the temperature and salinity fields.
These changes are triggered not only by seasonal heating and cooling, but also from
important thermohaline subsurface circulation, as the wide range of salinity field values
at these depths militates. A salinity increase after the second half of 2009 at interme-
diate depths is also traced. This cause a significant density variation at a depth zone
between 100 and 250 m as these layers cross the 00 isolines (28.5-29Kg m‘3). The
T-S diagram derived from CTD casts on the site reveals the introduction of new water
masses at the same period associated with the increased salinity values of the inter-
mediate depths (Figs. 14 and 18). The contribution of deep water layers (> 500 m) on
the density field can also be derived by comparing timeseries and CTD casting 7-S di-
agrams. As shown, potential density does not exceed 1029.1 kg m~2 at the first 500 m
(Fig. 13) while the less saline, cooler water underneath o8 isopycne of 29 (Fig. 14) is
mainly deeper water layers (500—1600 m).

4.3 Upper depths T&S observations

Temperature timeseries of the first 100 m exhibit an intense variability especially at the
surface layers (1-50 m) which is accentuated during summer period and propagated
892
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to deeper layers (50—100 m) during the late autumn and early winter period when the
seasonal thermocline is gradually destroyed. This mechanism driven by cooling and
mixing, causes inertial oscillations propagated sequentially in deeper layers as the
isotherms increasingly converge (Figs. 9, 10). The rate of temperature difference over
time shows this gradual deconstruction of stratification (Fig. 15) and the forming of
a well-mixed layer during January—May period which is also reflected in the density’s
field. Although this pattern seems to have a seasonal variability, during 2009 a well-
mixed subsurface layer is observed which is destroyed with an abrupt heating of the
20m layer at the start of August. This is also shown in the salinity timeseries where
a maximum subsurface (20—50m) salinity signal appears during August—-September
of 2009 associated with increased temperature, interrupting the presence of MAW
(Fig. 12). The Density field is presenting an increase at 75—100 m associated with the
higher salinities appearing that period. A less stratified density field is shown during the
first semester of 2010 with surface and subsurface waters reaching the 250 m depth
layer with values ranging from 28.45 kg m~2 t0 28.9 kg m2.

An inter-annual positive trend can also be observed regarding the layers between
50-100 m leading to temperature and salinity differences of almost 1°C and more than
0.1 PSU respectively between the summers of 2008 and 2010 (Figs. 16, 17). This trend,
as much as the subsurface salinity maximum of 2009, is also observed on the salinity
profile graphs derived from the regular station maintenance CTD castings (Fig. 18).

4.4 Intermediate depths T&S observations

The stratification of the intermediate layers during 2008 is destroyed with an intense
variability and mixing during spring and summer of 2009. New water masses are intro-
duced with more homogenous characteristics and seem to dominate during 2010 be-
tween intermediate depths of 250-500 m. That strong high salinity signal is introduced
during spring of 2009 in intermediate depths and reaches 100 m depth layer during
2010 (Fig. 12). Salinity profile casts confirm this incident showing a significant increase
(more than 0.2 PSU) especially in the zone of 200-400 m comparing to November
893
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2008, March 2009, November 2009 and July 2010 profile records (Fig. 18). The July
2010 profile shows increased salinity values (> 38.9) inside an extended depth zone
that reaches subsurface layers at a maximum of 300 m, where salinity exceeds 39.12
PSU. The low salinity subsurface layer signal, related to Atlantic Water (AW) during the
end of 2008 which is replaced with higher salinity values later on, is also observed from
casts of November 2008, November 2009 and July 2010.

Finally, a positive trend of both 7&S at surface layers is also indicated, leading to
more warm and saline waters during 2010 compared to 2008. Gradually this mass
seems to move upwards giving a strong signal especially at the 250m layer which
show 1°C and 0.2 PSU higher temperature and salinity values at the end of 2010 and
forms a new stratification during the same year as it dissected from the underlying
layers (Figs. 19, 20).

5 Conclusions

Multi-sensor fixed point observatories deliver valuable data that apart from operational
purposes (assimilation, model validation) can also be used for studies of ocean dynam-
ics at different scales, especially when consistent long time series are available. The
first 3 yr of operation of the POSEIDON-Pylos observatory of the south-east lonian Sea
have delivered meteorological, sea surface and water column physical data that were
used for studies of the regional thermohaline circulation. Air temperature presents the
expected seasonal cycle with variations along the 3yr period. This inter annual vari-
ability affects the upper layers temperature such as the extended cold period during
the first semester of 2009 causing a delay on the subsurface water warming and an in-
tense surface thermocline. Local wind forcing seems to control sea surface circulation
however the multi-scaled circulation pattern with intense spatial and temporal variability
shows the presence of a significant thermohaline component. Water column physical
parameters show some trends in seasonal variability affecting the properties of wa-
ter masses. As expected, the upper layer is subject to a well-defined seasonal signal
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affecting both the temperature and salinity fields. The upper-layers temperature time-
series demonstrate an intense synoptic and seasonal variability, which is the dominant
signal in this area. One can observe the strong seasonal thermocline which is formed
at much shallower depths during July and destroyed between September and October
due to diminished insolation, water surface cooling and increased surface turbulence
which is propagated down to deeper layers. Although the time-series are relatively
short, inter-annual variability signals such as a strong signal of LIW are observed at
intermediate depths introduced during the spring of 2009 and becoming dominant dur-
ing 2010 covering the subsurface and intermediate depth area. This temperature and
salinity maximum layer has probably been extended into the lonian Basin by a north-
ward flow through the Antikithira Strait. High salinity intermediate water branches that
are reaching the northern lonian basin are expected to also affect both the formation
processes and the water properties produced in the Adriatic (Theocharis et al., 2002).
The salinity minimum of the subsurface water during the second half of 2008 that is re-
lated to presence of AW weakens and disappears during 2009 and is replaced by more
saline water as a result of the preceding intense mixing with the underlying layers.
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Table 1. Configuration of Pylos observatory during 2010-2011.

Parameter Depth Sensor(s) used Accuracy
Wind speed/dir., Surface Young 04106 1ms™, 10deg
Air pressure, Surface Vaisala PTB 220A 0.15hPa
Air temperature, Surface Omega 0.10C
Wave height, direction, period Surface FugroOCEANOR Wavesense 0.1m, 0.5deg, 0.5s
SST, SSS surface, Surface (1 m) Seabird SIP +0.002°C, 0.0003Sm™"
Currents Surface (1 m) Nortek Aquadopp current meter ~ Sp: £0.5cms™" Dir: +2 deg
Water Temperature 20, 50, 75, 100, 250, 400, 500 m Seabird 37-IM C-T 0.005°C
Salinity 20, 50, 75, 100, 250, 400, 500 m Seabird 37-IM C-T 0.0005Sm™"
Pressure 250m Seabird 37-IM C-T-D 0.1% FS
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Table 2. Maximum, minimum and mean values for each parameter, depth zone and year. Salin-
ity and o6 potential density upper layer does not include surface (1 m) measures as surface
conductivity sensor presented major drifts due to biofouling. A failure on the surface CT sensor
made also temperature data unavailable for the second half of 2010 thus statistical values have
not been calculated for the whole layer.

Years 2008 2009 2010
Parameter Depth zone  max min  mean max min  mean max min  mean
T(°C) £0.01°C 1-100m 28.46 14.62 172 2824 1445 17.31 - - -
250-500m 15.15 14 145 152 1427 147 16.03 143 1497
S (PSU) £0.01 PSU 20-100m 38.96 384 38.63 39.23 38.28 38.73 39.05 385 3885

250-500m 38.96 38.8 38.89 39.04 38.86 3895 39.14 3889 39
00 (Kgm™®) £0.01kgm™  20-100m 29.06 26.13 28.44 29.06 2595 28.47 2891 26.14 28.46
250-500m 29.16 29.01 29.12 29.15 29.01 29.12 29.15 28.96 29.1
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Fig. 1. The POSEIDON buoy network. Green dots indicate coastal buoys while yellow deep
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Quality Control Procedure linked with POSEIDON DB

Check 1: Instrument Range test |
The values are tested against thresholds assigned regarding the measuring
range of the sensor measuring . The values fail this check are flagged as
“bad” values (flag 4) —J

Check 2: Physical Range test

The values are tested against thresholds reflecting the physical range within
every measured parameter may vary regarding the regional climatology,
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the seasonal variations, the measuring depth etc. Values fail this test are
flagged either as “probably bad” or “probably good” (flags 3 & 2)
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Check 3: Rate of Change (spike) test Page
The fluctuation of the values upon time should be within specific limits which
are defined by taking into account the climatological status and depth. This
limits may change with time (Const*STD) or be prefixed thresholds. Every
value is tested with its previous and its following one. Values fail this tested
are considered as “bad’ or “probably bad” (flag 3 & 4)
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of the sensor (resolution, AD conversion etc). Values fail this test are consider
as “bad” or “probably bad” (flags 4 & 3)
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Fig. 3. Scheme of real time quality control procedure applied on moored platforms timeseries.

Printer-friendly Version

Interactive Discussion

Jaded uoissnosiqg

904


http://www.ocean-sci-discuss.net
http://www.ocean-sci-discuss.net/10/883/2013/osd-10-883-2013-print.pdf
http://www.ocean-sci-discuss.net/10/883/2013/osd-10-883-2013-discussion.html
http://creativecommons.org/licenses/by/3.0/

OSD
10, 883-921, 2013

Jaded uoissnosig

Hydrodynamic
variability based on
the multi-parametric

@]
@ POSEIDON Pylos
@
g_ D. Kassis et al.
=)
T
Q
o -O .
g @ Title Page ‘
N T Abstract Introduction
) .
2
(@]
| | | | | | | | | >
JanDg May03 Sep03 Jan09 May09 Sepld Jan1d May10 Sepl0 Jantl e}
Date Q
: IR I
@
Fig. 4. Air Temperature variability 2008—2010. g g

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

OO

Jaded uoissnosiqg

905


http://www.ocean-sci-discuss.net
http://www.ocean-sci-discuss.net/10/883/2013/osd-10-883-2013-print.pdf
http://www.ocean-sci-discuss.net/10/883/2013/osd-10-883-2013-discussion.html
http://creativecommons.org/licenses/by/3.0/

H Hfﬂ ] t {Ilw’ | iq
| “‘f\|"“"\ﬂ “h\ {|“ [‘ |‘ | ‘| | i}'“ .
"cr'\ R L1 w\‘;u‘ H‘_‘ o \
Eﬁyﬂlﬂi‘fﬂl'ff‘-|' T L “L.jgl\\ ﬂu'{'JMfMl
TR R AL i
i WY UUM J‘JJ

LB oy ) Jans ) 3 Teal WMoyl T
Date

Fig. 5. Wind speed variability and direction distribution.

906

| Jadeq uoissnosig | J4adeq uoissnosig

Jaded uoissnosiq | Jaded uoissnosig

uI
| II I

OSD
10, 883-921, 2013

Hydrodynamic
variability based on
the multi-parametric

POSEIDON Pylos

D. Kassis et al.

Title Page

Abstract Introduction

Conclusions References

Tables

Figures

Back

Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

OO


http://www.ocean-sci-discuss.net
http://www.ocean-sci-discuss.net/10/883/2013/osd-10-883-2013-print.pdf
http://www.ocean-sci-discuss.net/10/883/2013/osd-10-883-2013-discussion.html
http://creativecommons.org/licenses/by/3.0/

OSD
10, 883-921, 2013

Jaded uoissnosig

Hydrodynamic
variability based on
the multi-parametric

POSEIDON Pylos

Cumert Velosiy

D. Kassis et al.

Jaded uoissnosig

Title Page

Jaded uoissnosiqg

Jaded uoissnosiqg

Abstract Introduction

Conclusions References

Tables Figures

Fig. 6. Current speed variability and direction distribution.

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

OO

907


http://www.ocean-sci-discuss.net
http://www.ocean-sci-discuss.net/10/883/2013/osd-10-883-2013-print.pdf
http://www.ocean-sci-discuss.net/10/883/2013/osd-10-883-2013-discussion.html
http://creativecommons.org/licenses/by/3.0/

OSD
10, 883-921, 2013

Jaded uoissnosig

Hydrodynamic
variability based on
the multi-parametric

O
@ POSEIDON Pylos
@
@, D. Kassis et al.
Surface Current velocity (@]
a0 T =)
60~ iY)
10 ﬁ %
ol @ Title Page
£ o0
o _ Abstract Introduction
40 L s ———
L ‘ H O .
May 2010 Jun 2010 Jul 2010 Aug 2010 8
Date
. . . o
Fig. 7. Current velocity vectors during summer 2010. =
- I I
§e)
. I
O
(2]
= Full Screen / Esc ‘
19
2
o
> Printer-friendly Version
U
)
kS Interactive Discussion
908 -
4


http://www.ocean-sci-discuss.net
http://www.ocean-sci-discuss.net/10/883/2013/osd-10-883-2013-print.pdf
http://www.ocean-sci-discuss.net/10/883/2013/osd-10-883-2013-discussion.html
http://creativecommons.org/licenses/by/3.0/

OSD
10, 883-921, 2013

Jaded uoissnosig

Hydrodynamic
variability based on
the multi-parametric

@]
@ POSEIDON Pylos
C
. ()] .
L Hing veloety . 23 D. Kassis et al.
1 I8
i o
- QO
- ©
“ i @ Title Page
1 =
| o -
May 2010 Jun 2010 Jul 2010 Aug 2010 (@)
Date %
Fig. 8. Wind velocity vectors during summer 2010 (here the arrows denote the destination of =
fhevind: - I I
©
. I
@)
=
= Full Screen / Esc ‘
(7]
@,
©
> Printer-friendly Version
T
Q
E
909 .


http://www.ocean-sci-discuss.net
http://www.ocean-sci-discuss.net/10/883/2013/osd-10-883-2013-print.pdf
http://www.ocean-sci-discuss.net/10/883/2013/osd-10-883-2013-discussion.html
http://creativecommons.org/licenses/by/3.0/

OSD
10, 883-921, 2013

Jaded uoissnosig

Hydrodynamic
variability based on
Potentil Termperatire the multi-parametric
POSEIDON Pylos

D. Kassis et al.

Jaded uoissnosig

Title Page

Celsius deg

Jaded uoissnosiqg

Abstract Introduction

Conclusions References

Tables Figures

| | |
Jan08 May08 SeplE Jan09 May03 Sepld Jant0 May10 Sepl0 Jan11

Jaded uoissnosiqg
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Fig. 19. Mid-depths salinity timeseries.
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Fig. 20. Mid-depths temperature timeseries.
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