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ABSTRACT

Zmv mapovoo egyaoio megryedpeton 1) o ngoonddeto tov E.K.0.E. yio mototini] aEloAdyn-
oM ko -eGv xQIveTal oxdmipo- BeATinom Tg moLSTTag TwV HeTEroEwY aywy st T, Slhupévoy
0EVYSvoU %a pBoQLOOT YhEOgUANG-01 TOU GUAAEYOVTOL 0Tl TOVE avT{OTOLY0VE aLoBTHoEC TV
TAWTAV WREAVOYQUPLLAY HETENTIXGY OTaBpdy (TTIQRME) tou mpoyeduuatoc «ITOSEIAQN». Zm
ooty tov VioBeTONxE, oL LBLATERSTNTES TNG %AOE NETEOTVEVNC TAQUUETEOV VITOYGQEVTAY
®ouw TV Toktrt) ovhhoyrig atougelv date va eivar duvori 1 peyiotomoinom g xdAuymg Tov €6-
QOUG TGV TG ®ABE TAQAUETQOV, e TNV TAVTEXQOVT EAX(LOTOMOMOM TNG TAQEVEXANONG TTIC £Q-
Yaoieg avélxvong, ouvtiignong xow névaiong tov IIRME. H Suadikacia Baduovépunong mov mpog-
xUPe oTadlond, evidyBnxe otig nagandve egyaoics. H sEayBeioa epneipio Oa xonoworom el
otV avanTuEn egyactneiov Babuovsunong ogydvav, tou Ba moopEQeL uIMEEsie eite oTO me-
dio eire ong eyrataotdoeic tov EK.O.E.

INTRODUCTION

The “POSEIDON” project is the N.CM.R.’s approach to operational oceanography,
consisting of real-time monitoring of atmospheric and marine conditions, and prediction
modeling. The monitoring is based on a network of 11 OCEANOR Seawatch( buoys,
equipped with meteorological, oceanographic and sea-state sensors. The operational use
of an extended buoy network requires regular maintenance of the moorings and a contin-
uous assessment of the quality of the obtained data. The latter can only be achieved by the
development and regular operation of a comprehensive calibration procedure. This work
presents the N.C.M.Rs first attempt to gain experience on in-situ, shipborne sensor cali-
brations and develop the necessary methodologies to establish a calibration facility for
both ashore and in-situ applications. The sensor calibration at this stage was limited to the
conductivity sensors deployed at 10, 20, 30 and 40 m depth (and the one included at the cur-
rent meter at 3 m depth), as well as the dissolved oxygen and chlorophyll-a fluorescence
sensors deployed at 3 m depth.
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METHODOLOGY

The selected strategy should not only meet the quality requirements for each parameter,
but should also be compatible with the presently available resources, like ship-time and
equipment. Thus, the calibration process should become an integral part of the buoy
retrieval, maintenance and deployment procedures. We chose the simultaneous calibra-
tion of all three sensors by setting the buoy in a “test mode” enabling the sampling of all
parameters within 15-minute cycles. A minimum requirement of six to eight measure-
ments, necessary to estimate correlation curves, enabled us to limit the sample collection
time to 1.5 - 2 hours per buoy.

As the conductivity, dissolved oxygen and concentration of chlorophyll-a. exhibit very dif-
ferent distributions spatially, it was not possible to follow the same sampling and calibration
scheme for all parameters. Below, we describe the sampling policy selected for each parame-
ter, with the aim to achieve the highest possible range of values within the field conditions.

Conductivity

For conductivity, the most widely accepted procedure was selected: A control bath. The
conductivity sensors from the buoy were immersed in the tank, and their measurements
were compared with reference data from an SBE-19 and bottle samples. As high salinity
characterizes the surface waters in the Central and South Aegean, pure surface water gave
the highest possible value of conductivity. Dilution with fresh water from the ship was used
to achieve lower values. In general, salinity in the bath ranged from 28 to 39 psu within a cal-
ibration cycle, and the respective conductivity (for temperature 11-17 ° C) varied from 3.6
to5.1mSm™.

There was not enough time before the cruise to prepare a regular, heat-insulated bath
suitable for temperature and salinity calibrations. Thus, we used whatever was readily
available: a regular plastic tank of 250 It for water or oil storage and a 1 m3 tank used in the
past for another experiment aboard the ship. Furthermore, due to the time shortage we
used an immersion pump for stirring the water within the tank during the first experiments.

The use of a non-insulated tank and an immersion pump for stirring, caused major prob-
lems at the initial calibration experiments. There was considerable heat flux through the
walls of the tank, and the immersion pump constituted a heat source within the fluid. This
caused relatively high rates of temperature and thus, conductivity change, which posed the
need for improving the sampling procedure (figure 1a,b,c). The immersion pump was
replaced by an external, vacuum pump, which significantly lowered the heat added to the
water and decreased the temperature changes. Furthermore, we adopted a different cali-
bration strategy that was not based on the assumption that conductivity remained stable
throughout the sampling. The above modifications significantly improved the behavior of
the error AC ( Ciab - Cinstr, and made it possible to draw correlation curves and estimate cal-
ibration / correction coefficients (Figure 1d,e).
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Figure 1. The side-effects of using the immersion pump in the small tank of 250 1t are displayed as
time-series of conductivity (a), temperature (b) and salinity (c) in the left panel. In the
right panel, the behavior of the error AC before conductivity correction (d) and the corre-
lation between reference values (Clab) and buoy values (Cinstr) (€) are shown. The sym-
bols represent different sensors.

‘Dissolved Oxygen
For the dissolved oxygen (D.O.) neither the surface water, nor the water collected from
different depths at each buoy location could provide a high enough range of values in order
to proceed to good estimates of the calibration curves. However, the deep water of Epi-
daurus basin provided us with large stock quantities of water with extremely low D.O. val-
ues (~ 1.5 ml1") for use at all stations. To obtain higher D.O. values, local water from each
station was collected. During the later stages of the cruise, we filled the gap between high
and low values by oxygenating some of the Epidaurus water. During one cycle of the actu-
al sampling for the calibration, the buoy sensor was immersed in a small bottle containing
the water sample and filled with nitrogen to avoid further oxygenation of the water by stir-
ring. At the end of each measurement, a sample of the water was analyzed for dissolved
oxygen content using the Winkler method. Multivariate linear regression was used to esti-
mate the dependence of the measurement error on DO concentration and sensor temper-
ature [1, 2]. In order to assess temperature dependence, we submitted the water samples to
a spectrum of temperatures, by using refrigeration and heat-insulated containers.
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Figure 2. Dependence of measurement error on D.O. concentration (left) and sensor temperature
(right), before (top) and after (bottom) the correction has been applied.

After estimation of the regression factors, we applied the corrections to the sensor’s mea-
surements and as a result, the error dependence on gas content and temperature of the sea-
water decreased significantly (figure 2).

Chlorophyll-o.

Since within the euphotic zone a wide range of chl-a values can be observed, water from
several depths was collected. Samples below the euphotic zone provided minimum values,
while higher values were obtained at shallower depths. Our current calibration is well
adapted to regular oligotrophic conditions of the Aegean Sea. Upon retrieval, the water
samples remained under a black cover on deck for two hours to obtain ambient tempera-
ture. Subsequently, the buoy’s sensor was immersed in the water sample and the fluores-
cence of the sample was recorded. Throughout the measurement, the sensor was covered
with a black bag to avoid interference from ambient light and was constantly and gently
shaken. The estimation of reference chl-a on board was performed by filtering 1.51 of sam-
ple water through a Millipore polycarbonate membrane filter with a pore diameter 0.2 pm.
The filters were placed in plastic tubes containing 10-ml of 90% acetone. An experiment
allowed us to minimize chl-a extraction time from the regular 12-15 hours to 3 hours. After
the chl-a extraction, the samples were centrifuged and the fluorescence was measured on a
very carefully calibrated TURNER AU-10 fluorometer. The fluorescence of the samples
was converted to chl-a concentrations by using proper equations [3]. The concentrations of
chl-a in the water samples, obtained in this way, were used for the calibration of the sensor’s
measurements (figure 3).
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Figure 3. Correlation of Chl-a concentration with fluorescence sensor voltage.

RESULTS AND DISCUSSION

After the application of the calibration equation and the deployment of the moorings,
the buoys’ chl-a measurements exhibit very realistic values, comparable to simultaneous
lab measurements. The DO and conductivity improvements were not so impressive (most-
ly due to the already good calibration by the manufacturers) but were definitely promising
for the next stage.
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