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— ____Pierluigi Penna, brief bio
Research activity: multidisciplinary approach

“Quelli che s’innamorano dj pratica

sanza scienzia son come ‘1 nocchier

ch'entra in navilio senza timone o bussola,
che mai ha certezza di dove andare” :
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Topics We Will Cover:

e [ntroduction

« DAS:Data Acquisition Systems

e Sensors

e Sensor drift and calibration

 Making Measurements in Ocean

e Architecture of an Ocean Monitoring and Forecasting
System

o Satellite and models

« Why observe the sea?

- Open discussion and conclusion
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Data acquisition is the sampling, of the real world, to generate
data that can be manipulated by a computer

Sometimes abbreviated DAQ or DAS, data acquisition typically involves acquisition of
signals and waveforms and processing the signals to obtain desired information

The components of data acquisition systems include appropriate sensors that
convert any measurement parameter to an electrical signal, then conditioning the

electrical signal which can then be acquired by data acquisition hardware

Acquired data are displayed, analyzed, and stored on a computer, e|ther
=- usmg vendor supplled software or custom dlsplays and control_ canbe
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A sensor is a device that measures a physical quantity and converts it into a signal
which can be read by an observer or by an instrument

For example, a mercury thermometer converts the measured temperature into
expansion and contraction of a liquid which can be read on a calibrated glass tube

A thermocouple converts temperature to an output voltage which can be read by a
voltmeter

Temperature
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A sensor's indicates how much the sensor's output changes when the

measured guantity changes. For instance, if the mercury in a thermometer moves 1 cm
when the temperature changes by 1 °C, the sensitivity is 1 cm/°C

Sensors that measure very small changes must have very high sensitivities

The of a sensor is the smallest change it can detect in the quantity that it

IS measuring.The resolution is related to the precision with which the measurement is
made

Sensors also have an impact on what they measure; for instance, a room temperature
thermometer inserted into a hot cup of liquid cools the liquid while the liquid heats the
thermometer

Technological progress allows more and more sensors to be manufactured on a
microscopic scale as microsensors using MEMS technology.
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A data set with mean=50 and standard deviation=20

In probability theory and statistics, standard deviation is a measure of the variability
or dlspersmn of a populatlon a data set ora probabllltv dlstrlbutlon
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http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg

High accuracy, but low precision High precision, but low accuracy

Accuracy is the degree of veracity while precision is the degree of reproducibility

The analogy used here to explain the difference between accuracy and precision is the

target comparison. In this analogy, repeated measurements are compared to arrows that
are shot at a target.

_.-_Accuracy descrlbes the closeness of arrews to the bullseye at the target center.
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High accuracy, but low precision High precision, but low accuracy

To continue the analogy, if a large number of arrows are shot, precision would be the
size of the arrow cluster.

When all arrows are grouped tightly together, the cluster is considered precise since
they all struck close to the same spot, if not necessarily near the bullseye
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High accuracy, but low precision High precision, but low accuracy

However, it is not possible to reliably achieve accuracy in individual measurements
without precision — if the arrows are not grouped close to one another, they cannot all

be close to the bullseye

Their average position might be an accurate estlmatlon of the bullseye, but the |nd|V|duaI
ErOWS are inaceurate=""" -  —esamsssmeTl e - —
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> ldeally a measurement device is both accurate and precise, with measurements
all close to and tightly clustered around the known value.

» The accuracy and precision of a measurement process is usually established by
repeatedly measuring some traceable

» Such standards are defined in the International System of Units and maintained
by national standards organizations such as the National Institute of Standards
and Technology or ISO

» In some literature, precision is defined as the reciprocal of variance, while many
others still confuse precision with the confidence interval

» The interval defined by the standard deviation is the 68.03% ("one sigma")
of the measurements

> If enough measurements have been made to accurately estimate the standard ———

Why observe the sea? Fano Marine Center, March 1, 2024 Pierluigi Penna — CNR IRBIM Ancona



» This also applies when measurements are repeated and averaged.

In that case, the term standard error is properly applied: the precision of the average is
equal to the known standard deviation of the process divided by the square root of the
number of measurements averaged.

» Further, the central limit theorem shows that the probability distribution of the
averaged measurements will be closer to a normal distribution than that of
individual measurements.

With regard to accuracy we can distinguish:

» the difference between the mean of the measurements and the reference
value, the bias. Establishing and correcting for bias is necessary for
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Sensor Response Times o

» Sensors do not respond infinitely quickly to changes in their environment
» Sensor response to a step change in their environment is termed their

» Time constant is typically stated as time to come to 63% of final value, given a
stepchange in environment

Sensors do not react infinitely quickly to a new environmental condition. The reason for
a slower response time for sensors is often found in the packaging of the active
element of the sensor.

For example, a thermistor is housed in a thin metal sheath; the delay in response to a

sharp change in temperature from warm to cold is due to the time required for the
heat in the thermistor to diffuse into the environment.

For a conduct|V|tv ceII there is flushing time of the ceII
For a diss ﬂoﬁ en.senspr , thel "§1£_1e‘ ime require
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Temperature Sensor Response

SBE 3F
Vi

 SBE 19plus

Temperature

o M R 3O W

/

Fano Marine Center, March 1, 2024

Pierluigi Penna — CNR IRBIM Ancona



Oxygen Sensor Response to Step
C hange at Different Temperatures

» 25 seconds at 1.7 "C

99% of final value . ~

Dissolved Oxygen ml/l
= Pk W R O =~
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Contemplating a Sensor

» Perfection:
— Reacts to only one physical characteristic of environment
— Has a response to physical characteristic that is easily modeled mathematically

> Reality:
— May react to more than one physical characteristic of environment

— Response of sensor may be non-linear or may be parametric, with terms that
reflect its reaction to physical characteristics other than one of interest

Fano Marine Center, March 1, 2024 Pierluigi Penna — CNR IRBIM Ancona
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ol Sensor deviations
> The may in practice differ from the value specified. This is called a

sensitivity error, but the sensor is still linear

> If the sensitivity is not constant over the range of the sensor, this is called
. Usually this is defined by the amount the output differs from ideal
behavior over the full range of the sensor, often noted as a percentage of the full
range

» Since the range of the output signal is always limited, the output signal will eventually
reach a minimum or maximum when the measured property exceeds the limits. The
defines the maximum and minimum values of the measured property

> If the output sighal is not zero when the measured property is zero, the sensor has an
or bias. This is defined as the output of the sensor at zero input

> If the deviation is caused by a rapid change of the measured property over time, there
Is a dynamic error. Often, this behaviour is described with a bode plot showmg
._ senS|t|V|ty error and phase shn‘t as functlon of the frequency of a.perlod input signal
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Sensor deviations

usually indicates a slow degradation of sensor properties over
a long period of time

IS a random deviation of the signal that varies in time. It can be reduced by
signal processing, such as filtering, usually at the expense of the dynamic behaviour
of the sensor

IS an error caused by when the measured property reverses direction,
but there is some finite lag in time for the sensor to respond, creating a different offset
error in one direction than in the other

> If the sensor has a digital output, the output is essentially an approximation of the
measured property. The approximation error is also called

error
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Sensor deviations

> If the signal is monitored digitally, limitation of the also
can cause a dynamic error

» The sensor may to some extent be sensitive to properties other than the property
being measured. For example, most sensors are influenced by the temperature of

their environment

> All these deviations can be classified as or
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Sensor drift and calibration
Conductivity Sensor Drift Characteristics

* Conductivity cells are very sensitive Y,fu\
to coatings on inside of cell | | 4000mm } |

Y Dlameter iz

2

salinity Error =35 | 1—J2ed dmmm‘z—J
\ clean diameter

1 3.998 mm f
Dmmeter i

r—mmﬂ

=35( 1-(3.998 )2/(4.000 2) = 0.035 PSU

__.Conduct|V|ty sensors have parts that mteract W|th the seawater There are 3 electrod :j_%ﬂ
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Sensor drift and calibration

Pressure Sensor Drift Over Time
Pressure sensors tend to drift in offset

Typical drift rates are 0.018% - 0.05% of full scale / year. This is easily observed on
deck before a cast

Occasionally, pressure sensors will exhibit hysteresis (different deck reading at start of
cast than end of cast)

Pressure sensors are usually trouble-free. Drifts are generally in offset
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Calibration

Systematic errors can be compensated for by means of some kind of
strategy

Calibration is simply the comparison of Instrument, Measuring and Test Equipment
(M&TE), Unit Under Test (UUT), Unit Under Calibration (WUC), a Device Under Test

(DUT), or simply a Test Instrument (TI) of unverified accuracy
to detect or eliminate
eptable variations. It may or may not involve adjustment or repair

unacc

Sy S —— re—
R — R : —
E — - —— i e ——
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Calibration

In daily operations, Calibration Means:

Calibration is like a health checkup for measuring tools. It's the
process of making sure that instruments like thermometers or scales are giving
you accurate and reliable measurements

Imagine you have a ruler, but you're not sure if it's
exactly 12 inches long. Calibration is like comparing it to a known, precise ruler
to confirm its accuracy

Sometimes, instruments may drift and give slightly incorrect
readings over time. Calibration involves fine-tuning or adjusting them to ensure
they're spot-on

It's like setting the rules for a game. Calibration involves using
standardized methods and reference points to ensure that measurements are
consistent and can be trusted
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Calibration
Temperature Primary Standards

Triple Point of Water Cell

Over oceanographic temperature range, triple
point of water and melting point of gallium are
used as primary standards

e Triple point of water is 0.010000 °C

Gallium Meit Cell « Melting point of gallium is 29.764600 °C
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Calibration

Pressure Standards

For instruments that have a strain gauge pressure sensor (Druck, Paine, Ametek,etc.),
a complete pressure calibration is performed at factory, using Dlglquartz pressure
__sensor as asecondary standard e |
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Calibration

Conductivity Primary Standards

Unlike temperature, a primary standard for the conductivity of seawater is more difficult
to come by.

In recognition of this, IAPSO commissions the Ocean Scientific International
Corporation to provide standard seawater. Ocean Scientific sends small ships out into
the North Atlantic with large tanks to collect seawater. The seawater is filtered and
adjusted in salinity to be 35.000.

It is then sealed in vials or bottles and shipped to laboratories worldwide to be used in
standardizing laboratory salinometers. Because everyone uses the same water to
standardize their salinometers, we are all synchronized with Ocean Scientific.

—

-::-Capenhage-h water
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Calibration

Converting Sensor Output to Scientific Units

As we have discussed, a sensor has an active element that interacts with the
environment, and a conditioning circuit that converts the reaction into a signal that is
measurable with normal techniques (e.g., Analog/Digital conversion or counting of a
frequency).

Having acquired a digital representation of temperature or conductivity, we need to
convert this into units useful to scientists and engineers.

The simplest sensor might have a linear response to the environmental parameter of
interest. For example, a transmissometer has a simple relationship between voltage
-Output and percent transmittance of the water within its path: '

iy -

o — E -
i gy e i

i el i = ab— —
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Calibration

Converting Sensor Output to Scientific Units
....but it's not always that simple!
Sensor output is converted to scientific units via polynomial

For example, a conductivity sensor has frequency output f:
C=(g+hf2+if3+jf4)/(10 (1 + ot + gp))

— Coefficients (g, h, i, j) are obtained by calibration

— 0 and € are nominal values, characteristics of glass
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Keep in mind

» Calibration is about building trust in measurements. When something is
calibrated, it means you can rely on it to give you trustworthy data, which is
crucial in fields like science, engineering, and manufacturing

» based on your budget, choose the most accurate, precise and fast response
time sensor

» We measure physical quantities with instruments so...we always make a
measurement error

» a small error in the original measurement can result in a large error in data
analysis

» If you use a datasets, always ask for the degree of accuracy of the data (and
therefore you will know in what order_ of magnitude your error is)

= =
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Are you tired?
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Measurements in Ocean : Temperature

Temperature in the ocean is measured many ways. Thermistors and mercury
thermometers are commonly used on ships and buoys. These are calibrated in

the laboratory before being used, and after use if possible, using mercury or platinum
thermometers with accuracy traceable to national standards laboratories

Mercury Thermometer

This is the most widely used, non-electronic thermometer.

It was widely used in buckets dropped over the side of a ship to measure

the temperature of surface waters, on Nansen bottles to measure sub-sea

temperatures, and in the laboratory to calibrate other thermometers.
.:_.Accurg_gy_qj the best thermometers is aboui i—" ). )C ith very ggrefu]
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Measurements in Ocean : Tem perature
A~ Mercury Thermometer

| %y One very important mercury thermometer is the reversing
thermometer carried on Nansen bottles

Lllll‘[_"-'-: ,‘I
D

il It is a thermometer that has a constriction in the mercury
capillary that causes the thread of mercury to break at a
precisely determined point when the thermometer is
turned upside down

were the prlmary source ef sub -sea measurements of
rgperaiure ' f pre '

ﬂ Pairs of reversing thermometers carried on Nansen bottles
9
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Measurements in Ocean : Temperature

Platinum Resistance Thermometer

This is the standard for temperature. It is used by national standards laboratories to
Interpolate between defined points on the practical temperature scale. It is used
primarily to calibrate other temperature sensors.

Thermistor

A thermistor is a semiconductor having resistance that varies rapidly and predictably
with temperature. It has been widely used on moored instruments and on
instruments deployed from ships since about 1970.

It has high resolution and an accuracy of about +£0.001-C when carefully calibrated
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Measurements in Ocean : Temperature

SBE 3 Thermistor-Based Temperature Sensor

 Active element is a thermistor, a semiconductor that changes resistance when its
temperature changes

» Conditioning circuit is an oscillator that changes frequency depending on resistance
of thermistor
 Signal is a frequency that is measured with a frequency counter

—®

~ Thermally conductive
& compound

Thermistor

Time constant for an SBE 3F or 3plus is 70 milliseconds (1)
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Measurements in Ocean : Conductivity or Salinity

Conductivity iIs measured by placing platinum electrodes in seawater and measuring
the current that flows when there is a known voltage between the electrodes.

The current depends on conductivity, voltage, and volume of sea water in the path
between electrodes. If the electrodes are in a tube of nonconducting glass, the
volume of water is accurately known, and the current is independent of other objects
near the conductivity cell.

The best measurements of salinity from conductivity give salinity with

Before conductlwty measurements were WIder used sallnlty was measured using.—.
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A good estimate of SBE 4 time constant is 30 milliseconds. This is typical for all
Sea-Bird conductivity cells
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Measurements in Ocean : Pressure or Depth

Pressure is routinely measured by many different types of instruments.
The Sl unit of pressure is the pascal (Pa), but oceanographers normally report pressure
in decibars (dbar), where:

1 dbar = 104 Pa

because the pressure in decibars is almost exactly equal to the depth in meters.
Thus 1000 dbar is the pressure at a depth of about 1000 m
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Measurements in Ocean : Pressure or Depth

Strain Gage
This is the simplest and cheapest instrument, and it is widely used.
Accuracy is about +1%.

Vibratron

Much more accurate measurements of pressure can be made bymeasuring the

natural frequency of a vibrating tungsten wire stretched in a magnetic field between
diaphragms closing the ends of a cylinder. Pressure distorts the diaphragm, which
changes the tension on the wire and its frequency.

The frequency can be measured from the changing voltage induced as the wire

vibrates in the magnetic field. Accuracy is about 0.1%, or better when temperature
controlled. Precision is 100-1000 times better than accuracy

e R = Pm——— R e

Why observe the sea? Fano Marine Center, March 1, 2024 Pierluigi Penna — CNR IRBIM Ancona



Measurements in Ocean : Pressure or Depth

Quartz crystal

Very accurate measurements of pressure can also be made by measuring the
natural frequency of a quartz crystal cut for minimum temperature dependence. The
best accuracy is obtained when the temperature of the crystal is held constant

The accuracy is £0.015%, and precision is £0.001% of full-scale values. (used by
Sea-bird CTD 9plus)
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-l Measurements in Ocean : Dissolved Oxygén--
Winkler Methods

Samples are collected, fixed and titrated, either in the field or in a lab

the amount of titrant needed to complete the reaction is proportional to the dissolved
oxygen concentration of the sample

[MODIFIED]

WINKLER 1 BopBoTTLE ADD 1mL 3 ApD1mL REFLACE
WITH FIELD MANGANESE ALEALI-IODHDE- STOPPER AND
METHOD SAMPLE SULFATE AZIDE SHAKE TO MIX

E REFLACE ? TITRATE 201 mL 8 ADD TmL g TITRATE SAMPLE B
STOPPER AMD OF SAMPLE IM STARCH LMTIL CLEAR
SHAKE TO MILX ERLEMNMEYER INDICATOR -
FLASK BLUE COLOR
SHOULD
DEVELOP
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Measurements in Ocean : Dissolved Oxygen

Optical Dissolved Oxygen Sensors

Optical dissolved oxygen sensors measure the interaction between oxygen and
certain luminescent dyes. When exposed to blue light, these dyes become excited
(electrons gaining energy) and emit light as the electrons return to to their normal
energy state. When dissolved oxygen is present, the returned wavelengths are
limited or altered due to oxygen molecules interacting with the dye. The measured
effect is inversely proportional to the partial pressure of oxygen

OPTICAL

® BLUE
EXCITATION
LIGHT

& RED
REFEREMCE
LIGHT

FHOTODETECTDR

& LUMINESCENT
DYE

CAP
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Measurements in Ocean : Dissolved Oxygen

polarographic membrane oxygen sensor

polarographic DO sensors use two polarized electrodes, an anode and a cathode, in
an electrolyte solution. The electrodes and electrolyte solution are isolated from the
sample by a thin, semi-permeable membrane

When taking measurements, dissolved oxygen diffuses across the membrane at a
rate proportional to the pressure of oxygen in the water. The dissolved oxygen is
then reduced and consumed at the cathode. This reaction produces an electrical
current that is directly related to the oxygen concentration

[ Teflon
membrane

- o Gold “g
" Cathode y

Electrolyte

Cathode cross section
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Measurements in Ocean : pH, redox

pH and ORP probes are both used for measuring the acidic intensity of liquid
solutions. A pH probe measures acidity on a scale from 0 to 14, with O being the
most acidic and 14 being the most basic.

Similarly, an Oxidation-Reduction Potential (ORP) probe returns a voltage
proportional to the tendency of the solution to gain or lose electrons from other
substances (which is linked directly to the pH of a substance)

A minor increase in pH levels can cause a
s oligotrophic (rich in dissolved oxygen) lake
to become eutrophlc (Iacklng dlssolved :

B CUGCTROPHIC
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‘CDOM

Chlorophyll is a color pigment found in plants, algae and phytoplankton. This
molecule is used in photosynthesis, as a photoreceptor.

Photoreceptors absorb light energy, and chlorophyll specifically absorbs energy from

sunlight.

Chlorophyll makes plants and algae appear green because it reflects the green
wavelengths found in sunlight, while absorbing all other colors
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WEIGHT SPECIFIC ABSORPTION (m?g7)
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asurements in Ocean : Chlorophyll, Turbi

Turbidity measurements are often used as an indicator of water quality based on
clarity and estimated total suspended solids in water

The turbidity of water is based on the amount of light scattered by particles in the
water column. The more particles that are present, the more light that will be
scattered

Photo Credit: NASA Visible Earth, via USGS
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Measurements in Ocean : Chlorophyll, Turbidity, CDOM

Chromophoric (or Colored) Dissolved Organic Matter is the parameter that can be
measured in aquatic environments as a product of decaying material. CDOM is
largely a subset of DOM, or dissolved organic matter

The decay releases organic substances that stain waters and can have effects on
light absorption and other aspects of water quality. Because it has effects on the
conditions that aquatic life adapt to for survival, such as salinity, turbidity and light
penetration, CDOM plays a large role in the health of aguatic system

Turbidity, or the cloudiness of water due to
suspended solids and other substances, is
. closely linked with CDOM. But more
o chromophoric dissolved organic matter
.does not always mean that turbldlty

SUNLIGHT

-

I
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Measurements in Ocean : CO2, CHs

The Mini CO2 instrument uses infrared The Mini CH4 instrument uses infrared
detection to measure the partial pressure detection to measure the partial pressure of

of CO2 gas dissolved in I|qU|ds

CO; Measurement Ranges

Total Dissolved Gas
Pressure

Accuracy: pCO;
TDGP
Equilibration rate (t63)

Resolution

Why observe the sea?

0-2000 patm CO;
0-5000 patm

0-1% (10,000 patm)
0-100%

*other ranges available

0-2000 mbar

+ 3% of max range
* 1%
2 minutes

0.1% of max range

CH4 gas dissolved in liquids. Conversion to
dissolved methane concentration is simple
with known temperature and salinity values

0-1% CH4 ; by volurme (~0-300 pg/L; by mass) S
0-10%w/v (~0-3 ma/L) -
0-100%viv (~0-30 mg/L)

pCH,; Measurement
~  Ranges

| Total Dissolved Gas
0-2 bar
& Pressure

Accuracy: pCH, + 3% of max range
&= TDGP + 1%
Equilibration rate (t63) ~8 minutes (with water-pumped head)

Resolution 0.1% of max range
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Global Positioning System
(GPS) receiver

M Acoustic Doppisr
current profiler

~ EXPLANATION

| -
Fast = Slow
Water Velocity

Using the acoustic Doppler techniqgue, ADCPs measure water movement by
- mterpretmg sound waves transmitted by and reflected back to the lnstru

nejlfe etc

Why observe the sea? Fano Marine Center, March 1, 2024 Pierluigi Penna — CNR IRBIM Ancona



Why observe the sea?

Mlessapring
arhital
movernent
at

agiven

depth

Prassune Sansar
Pl siing pres-
LT :
Faectuation ak a
given ceplh o
Caboubatea wawe
helght. (Can be
irtegraied

Fano Marine Center, March 1, 2024

Pierluigi Penna — CNR IRBIM Ancona



00

1E00 OUTSIDE ATMOSPHERE

1500

SEA LEVEL

00

£
T
£
=
W
[
=
=<
[m]
=L
o
=
3
w
[a
]

1000 1500

WAVELENGTH (nm)

‘in the ocean is lmportant for many reasons:

e e

__..._r-u

\Y, 'S, IL pr [ ",.hmmr:!

i _ prop——

Why observe the sea? Fano Marine Center, March 1, 2024 Pierluigi Penna — CNR IRBIM Ancona



Lu (0) (mW*m2*nm-"1*sr)

550 600
Wavelength (nm)

I\ L) |

e Spectroradiometer Ramses is composed by 2 sensors (ACC and

. —

a A/N\N/Q : m"ﬂl Ry I
ul’ € ULV ] "'1! é!j'»lll'c'!. e._.-.--..-—-lll:"‘“"L':l'lr-l-'-J"""" (Z./ )] |
E . — ] -—— - - B
e 990 e A . A .
A0 1) ...-=‘_—‘3--—‘."'_"-'T..'4,.‘.‘_;-.—. IS g - o - L Fesoltitl e il Ty
=2 e e L ey Sl el
"

Why observe the sea? Fano Marine Center, March 1, 2024 Pierluigi Penna — CNR IRBIM Ancona



100
|

oto ad tl(-)n
(PAR) irradiance includes in vivo
absorption bandwidths of:
- chlorophyll a, b, and c

- the pigments contained within the
cytoplasm of blue-green algae
(cyanobacteria)

the chloroplasts of plants (including
phytoplankton) that capture light

h

B0

é
%
14

(Amps/microMol per m? per sec.)

) ~ Wavelength - nanometres Y — e_nergy__@iphotosynth_e_s 1S
S _.M . : = ‘v:-:'_ ; ..-__-‘-_-_,_._,:'.",-;-L':-—"‘-'?‘_‘:‘- - :__. s == _.. DT :"..m--'—“"'—"'- - - -—%‘_'

Why observe the sea? Fano Marine Center, March 1, 2024 Pierluigi Penna — CNR IRBIM Ancona



189S

- E—

PR R IR R

Why observe the sea? Fano Marine Center, March 1, 2024 Pierluigi Penna — CNR IRBIM Ancona



The SBE 32 Carousel water sampling
package consists of:

» water sample bottles with their
lanyards

e trigger mechanism

» upper and lower pylons that hold the
bottle on the frame

 upper and lower frame that protects
the package from collision with the
side of the ship

_ The Carousel trlgger mechanlsm |s an electro- mechanlcal dewce It operates Y —
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ARGO float

Argo Float Mission

Profiling k
Float »
& S

/ E—--_\—’_’,/l R\, —

- Surface Interval
i -20min 1
. Collect GPS signal '
Descent Lol 19 : & Transmit Dla?ta) ; '
i \ Day Cycle i
Drift Depth , : T
-10cm/s ~ 3hrs Y, : o .fe;.,car
S ‘ until Battery
1 i Death
1km W . Ascent

-10cm/s ~ 3hrs

L1

Descent to . - -
Profile Depth ‘

-10cm/s ~ 3hrs Begin Profile

(Collect Temperature,

Salinity & Pressure
during ascent)
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Why observe the sea?

3 o
eond 3908 Floats e T X WL
| ... 28FED2024 . ol il

60°E 120°E 180" 120°'W 60'W 0

Maps displaying statistics about the Argo array, including its extensions into high _ —
latitudes and marginal seas, biogeochemical sensors, communication systems,
float type, etc., can be found in the map section on the Argo Information Centre
website.
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seaGlider

Battery packs
Tank with for instruments

compressed gas
Internal oil bladder e &

5,

Compressible
external oll bladder

Instruments to measure
‘water conditions

External wax-filled tubes
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i B
A Environmental Sample Processor Flush Sampling Loop
N2 Environment _
Sample F n
L]

Apply RNAlater

— Environmental -
Water RNAlater Incubation

/ s | I
Filter o S i
Filtered
Housing + Water RNAlater Purge (N,)
y ! Intake & Exhaust

SRS Valugs Preserved Filter

ORIGINAL RESEARCH article
Front. Mar. Sci., 16 July 2019

e Molecular Biology and Ecology

2019 | b 33859/frm

In situ Autonomous Acquisition and Preservation of Marine
Environmental DNA Using an Autonomous Underwater Vehicle
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JOURNAL ARTICLE

A framework for multidisciplinary science
observations from commercial ships

Alison M Macdonald &, Luna Hiron, Leah McRaven, Laura Stolp, Kerry Strom,

Rebecca Hudak, Shawn R Smith, Julia Hummon, Magdalena Andres

ICES Journal of Marine Science, fsae011, https://doi.org/10.1093/icesjms/fsae011
Published: 19 February 2024  Article history v
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120° 150° -180° -150° -120° -90° -60°
Ship Observations Team
VOS: Yearly (2017) and monthly (September 2018) Coverage

* Yearly

* Monthly Generated by www.jcommops.org

Ship-Based Contributions to Global Ocean, Weather, and Climate Observing Systems
Front. Mar. Sci., 02 August 2019 Sec. Ocean Observation Volume 6 - 2019 | https://doi.org/10.3389/fmars.2019.00434
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eXpendable BathyThermograph (XBT)

OHTACTS

"‘\.:_j--\.

| S T BgA
An EXpendable BathyThermograph (XBT) with it's i s
probe inside a canister (top). On the right is an E
exploded view of the XBT. '

An XBT is a probe that is dropped from a ship and measures the temperature as it
falls through the water
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eXpendable BathyThermograph (XBT)

| V. | r v/ —
An EXpendable BathyThermograph (XBT) with it's oy

probe inside a canister (top). On the right is an E
exploded view of the XBT.

A fall-rate equations are used to derive the depth of the XBT as a functlon of time _
f__after the XBT. |s deployed |nto the ocean: e e e
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XXIX ltalian national expedition to Antarctica, 2013-2014
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on board instruments
GPS Antenna

AIRMAR
weather station

NKE —
concentrator/hub

-

Cellular
Network
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- i Dataset of depth and temperature profiles obtained
g I from 2012 to 2020 using commercial fishing vessels
— = of the AdriFOOS fleet in the Adriatic Sea

Pierluigi Penna, Filippo Domenichetti, Andrea Belardinelli, and Michela Martinelli £4

‘% NAUTI Los Earth System Sc1ence Data https//dmorg/105194/essd153513 2023 |

. % frontiers

S EAN O E Sea scientific open data edition REVIEW article

Fromt. Mar. Sci.. 01 August 2023
Sec Ocean Cbeervation
olume 10 - 2021 | haps:/idolon/10 3363 Hmar 2028 1176814

AdriFOOS Depth/Temperature profiles dataset
2012-2020

2020-04-20

Towards a global Fishing Vessel Ocean Observing Network (FVON): state
of the art and future directions

Cooper Van Vranken' Julie Jakoboski John W. Carroll* Christopher Cusack”
' Patrick Gorringe* Maoki Hirose® James Manning® Michela Martinelli” Pierluigi Perna’
Mathew Pickering® . A Miguel Piecho-Santos®? J Moninya Roughan'” Joio
il Hassan Moustahtid!!
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2016 W
ICARUS system will
provide regular
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95 .

Time-depth recorder 81

logs up to14 days on Time-depth recorders
northern fur seals log up to 3 months
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Animal tagging

Animal Telemetry Network

About | Partners | Documents | Downloads | ATN Visualzations | Help/Tutorials | Submit Data | c_ontactflaadba-:k |
—

Jata Menu wh SIS Now Showing: Spec e 2r-dana016 and 25282016~ © 0 %

http://oceanview.pfeg.noaa.gov/atn/ {©) 1008 | ez on tuz ocsa
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XXI Italian national expedition to Antarctlca 2005-2006

Why observe the sea?

Fano Marine Center,

Anta XXXVII (2021-2022) Mooring B
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~ Fixed meteo oceanographic observing site

LESINA

Marine weather station located in the Port of
Ancona. Station installed at the Lesina Lagoon headquarters in Ancona

PORTO RECANATI

!

Marine weather station 1.5 miles off the coast of

Marine weather station 200 meters from the coast Weather station located on the roof of the IRBIM

Senigallia (Ancona)

near the mouth of the Potenza river headquarters in Lesina

https_'://www.-irbim':Cn’r.;lt/eﬁ/'mare-in-tempo-reale/'
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meteo oceanographic buoy

PORTO RECANATI

Weather-marine station installed on buoy off the Marine weather station installed on a buoy near
coast of Fano the artificial barrier of Porto Recanati

o = -
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WATERCARE = CNR IRBIM

Remote SITE Land station
station

Flow sensor router
floodway

Data Presentation

Multiparametric probe
(Temperature, Salinity, DO)

https://www.irbim.cnr.it/en/mare-in-tempo-reale/
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B—— Article

The AMERIGO Lander and the Automatic Benthic
Chamber (CBA): Two New Instruments to Measure
Benthic Fluxes of Dissolved Chemical Species

Federico Spagnoli 1'*(J, Pierluigi Penna !, Giordano Giuliani !, Luca Masini 2
and Valter Martinotti
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PLOS ONE

RESEARCH ARTICLE

Accounting for environmental and fishery

management factors when standardizing
CPUE data from a scientific survey: A case
study for Nephrops norvegicus in the Pomo Pits
area (Central Adriatic Sea)

im'?*, Stefano Guicciardi’, Silvia Angelini ", lan D. Tuck®,
ierluigi Pennacy', Filippo Domenichetti', Giovanni Canduci’,
Andrea Belardinelli', Alberto Santoianni'_. Enrico Arneri’, Nicoletta Milone®,
Damir Medvesek®, Igor Isajlovié ~®, Nedo Vrgoé&®, Michela Martinelli'

UWTV Under Water TV
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W-Cloud
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Are you tired?
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Why observe the sea?
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Fano Marine Center, March 1, 2024
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Satellite and models

https://marine.copernicus.eu/explainers/operational-
oceanography/monitoring-forecasting/satellites
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» Ocean models, in situ and satellite observations are the main components of an
ocean monitoring and forecasting system.

» Observational data (satellite and/or in situ) can be integrated into the numerical
models to ensure they are as close to reality as possible. This process is called
‘data assimilation’.

» While the observations only represent a portion of the global ocean, models
complete the missing information with realistic ocean dynamics to provide an
overall picture
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- lll Prediction

we use
*_T heo[)/

None Is sufficient by itself!
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Understanding Prediction

» By combining theory and observations in numerlcal models we avoid some of the

'—--lcu1ﬂ assomat w:th,e,ach approach used separately =

B

P __.,_._..-—"'_ ‘— -
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.
Archltecture of an Ocean Monitoring and Forecasting System

The ultimate goal is to know the ocean well enough to predict the future changes
in the environment, including climate change or the response of fisheries to
over fishing

Data, numerical models, and theory are all necessary to understand the sea

Eventually, an understanding of the ocean-atmosphere-land system will lead to
predictions of future states of the system

The combination of theory, observations, and computer models is relatively new
(operational oceanography 1995)

Exponential growth in computing power has made available powerrful computers
capable of simulating important phyS|caI processes and oceanic dynamics
| _.unkhttps /learth nullschool net[ = e =
e

= numerlcal'models Iowerlng the"'uncertaint“y of"'pfédié'tqibhs' '
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Lab activity

Fano marine center Buoy: data series and real time data

Comparison with Copernicus model data

Why observe the sea?

NetCDF Setup Wizard

Subset Dimensions (Step 4 of 4)

12 stations. You can reduce the number of stations by subsetting one or more dimensions or by
zooming into the map.

NetCDF dimensions

latitude[4] use[0:1:3]

longitude[3] use[0:1:2] g

time[20616] use[0:1:20615] . [ X X}

Zoom into Map Full Domain

e

Fano Marine Center, March 1, 2024
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We construct long time series
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Fano Marine Center, March 1, 2024
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v TEMPERATURA ACQUA

Temperatura Acqua [°C] v

0212

01/31 02/02 02/04 02/06 02/08 0210 02/14 02116 02/18 02/20 02/22 02/24 02/26 02/28 03/0
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We observe phenomenon at microscale

Fano Marine Center, March 1, 2024
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v TEMPERATURA ACQUA

Temperatura Acqua [°C)
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We calibrate/validate ocean models
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v TEMPERATURA ACQUA

Temperatura Acqua [°C)
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https://goosocean.org/why-observe-the-ocean/
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CNR l|
" Why observe the sea? X
Some effects of the climate change in Adriatic sea

Transetto Senigallia
Meteotsunami

Inondazione Pesaro simulate
Moria mosciolo

Blue crab

Attenti a quel 4

biodiversita
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Open discussion w
Where does a fish Ilve’P’P
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