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Résumé

La station haute fréquence MesuRho appartenaréissau MAREL et située a I'embouchure du
Rhbéne est présentée. Les mesures préseuddiois des signes de biais, de dérive ou de double
une interface graphique a été mise en place afin de visualiser rapidement les données et
éventuellemendeles corriger. Les jeux de données d'origine et corrigées -2003 sont
présentés, les méthodes de corrections mise a disposition sont détaifges. | 6d®n u d e
évenement de tempéte (coup de vent d'Est) esvretl e 7 Mars 2013 est présesta titre

d 6 e ple equelques perspectives en vue d'améliorer la gestion des données sont propos

Abstract

The hHgh frequency MesuRhstation, part of th@1AREL network and located at the mouth of th
RhoneRiveris presented. Measursametimesshowbiassigns drift or double,so thata graphical
interface was implemented to quickly visualize data and eventually ctireaetOriginal data set
and correctedata for20092013 are presented, the methods of correcpomgdedare detailed.
Finally an example ad storm evenstudy(understrong soutteast wind) betweethe 4th andthe
7th of March 2013 is presented and some prospects to improve data management are prop
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General presentation 7 I

1. General presentation

1.1. MesuRho Mooring localization and context

The Rhone River (situated in the North Western MeditemaSean the Golf of Lions)

being the main source of fresh water input in the Mediterraneanbffegs large
guantities of particles, from natural to anthropogenic origins, which @dféddt the

coastal marine environment (Pinat@l.(2013), Lorthiois (2012), Moultiat al (1998)).

Since 2009, the french institute IFREMEBRanages the acquisition of in situ physico
chemical data in front of the Rhone Riveiouth via the MesuRho instroented
observatoryin order to characterizthe Gulf of Lions inputs(Figure 1-1). The high
frequency acquisition of the MesuRho mooring enable to study sedimentary dynamics,
the influence okextreme events (storms, flood evers)particulate/dissolved organic

and inorganic inputs into the marine coastal area as well as sediment resuspension events.
The MesuRho mooring is part of the IFREMER MAREL (Mesures Automatisées en
Réseau pour 'Environnement et le Littoral) network arsgeéral national ar@liropean
research programsuch as the observation netwddiOOSE (Mediterranean Ocean
Observing System on Environmenthe MISTRALS MERMEX program (Marine
Ecosystems Response in the Mediterranean Experiminat) AMORAD ANR
(Améliora i on des MOD |l es de pr®vision de | a
RADi onucl ®  des au andthéaP7 BERSEU@rejectProteating n e me |
EuRopean SEas and borders through the intelligent USe of surveillance).

Golf of Lions

Figure 1-1: Position of the high frequency acquisition MesuRho buoy in the Golf of Lions

The issues raised in the different projects are mainly related to Rhone River inputs
characterization and to the sedimentary dynamitseatver mouthAs aLERPAC lab
(IFREMER) initiative, associated withe LDCM lab (IFREMER Brest)the MesuRho
project was launched in 2009 with several partiieeserviceof HeadlightsandTags of

the Departmental Direction of Equipment in the PA@gion(DDE13), The Institute for
Radiological Protection and Nuclear Saf¢RSN), The National Institute of Sciences of

the Universe(INSU), The National Centre for Scientific Research (CNRS), The
Mediterranean Institute of Oceanography (MIDhe Centrefor Maritime and River
Technical StudieCETMEF), The European Centre for Research and Teaching of

— Ifremer janvier 2014
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Environmental Scienc€CEREGE) and The.aboratory of Climate Sciences and the
Environmen{LSCE).

A monitoring committee involving each body has been kst to ensure the proper
functioning of the system

The MesuRho station has been operational since June 2009 lacated at the Buoy
Float Immersed (BFI) maritime buoyage Roustan East (43 ° 19.2 N, 4 ° 52 E , depth 20
m), one of the two buoys indigag the Rhong@radelta . Located at the mouth of the river,
this station is configured to collect physicochemical data in near real timet higgh
frequency &bout30 min) in thefresh waters/marine waters transition zo8ece its
installation, the intsumentation is enriched over the years to obtano@e completset of
data.

The station was originally equipped with a weather station associated ¥R aensor
(Photosynthetic Available Radiation) in the air, and a rpaltametes probe SMATCH
(tenperature, pressure (depth), conductivity (salinity) turbidity, fluorescence
(chlorophyll), dissolved oxygen) in the subsurface. In June 2010, a seudiid
parameterprobe SMATCH andan AcousticDoppler Current Profiler (ADCP ) were
added athe bottomFinally, in 2012 aSTPSsensor assa@ted with a nitrate probe was
added in sulsurface, as well asbenthicstation for measuring dissolved oxygen in the
sediment. In the neduture atmospheri@and subsurface sensafsradioactivitywill be
attachedto the buoy. The weather statiand theSMATCH probes areperated by
IFREMER the ADCP is operated bifREMERand IRSN, the nitrate sensor is operated
by the MIO andhebenthic station is operated by LSCE.

The SMATCH pobes, the ADCP, the PAR sendbie weather station anithe benthic
station are connected by a cable to a controller dispoosbd atmosphergowered by
solar panels. The measurements are transmitted to the Coriolis data center via GPRS six
times a day (about 1 transmission/4h) .

1.2. Sensors' characteristics

The IFREMER LERPAC and LDCM labs have five mypitirameters SMATCH probes,
with two probes at sea when the three others are in calibration and/or stored. They also
have three ADCPs for sensors rotation.

Ifremer janvier 2014
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1.2.1. SMATCH multi-parameters probes

Table 1-1: milti-parameters SMATCH probe characrteristics

9|

Sensor

Characteristics

Depth

range 0 to 20m
accuracy< 0.06m

resolution 0.006m

Temperature

range-5°C to +35°C

accuracy <50m°C ni the
range €20°C

resolution 1m°C at 10°C

Conductivity

range 0 to 70 mS/cm

accuracy <0.05 mS/cm
the range 0 to 60 mS/cm

resolution 0.0012 mS/cm

Salinity

range 2 to 42°/°° at 20°C
accuracy +0.1°/°°
resolution 0.0011°/°°

Dissolved Oxygen

Saturationrange 0 to 120%
accuracy < 5%

resolution 0.01%
Concentration: 0 to 16mg/I
accuracy < 5%

resolution 0.01%

Turbidity

Range (configurable 4
works) 25, 125, 500 or 75
FTU/2.5 FTU on demand

Linearity < 2% deviation -0
750 FTU

Light source Wavelength
880nm

Fluorescence

Chlorophyll a - Turner
Design optical sensor

Minimum detection limit:
0.03 pg/l

Sensitivity: O5ug/L or G50

%mer

janvier 2014



| 10

General presentation

pg/L or 500 pg/L

Wavelength: Excitation 46
nm Emission 62015 nm

pH (not available
at MESURHO)

Range 0 to 14pH Resolutiq
0.0003pH

Time

Internal clock with calendg
(clock drift<lmn/month)

1.2.2. ADCP (currents and waves)

The ADCPs are Teledyne RDI's Workhorse Monitor 600 kHz associated with the waves array and
the NEMO wave processing array for near real time processing and transmission of
waves and currents (Figure 1-2). Sensor characteristics are described in

Tablel-2

Figure 1-2: ADCP with
the NEMO

waves
module

Table 1-2: ADCP RDI's Workhorse 600 kHz characteristics

Water profiling

Typical range 50m
600 kHz

Vertical resolution range Std. Dev.
0.5m 38 m 14.0 cm/s
1m 42 m 7.0 cm/s
2m 46m 3.6 cm/s
4m 51m 1.8 cm/s
Long Range Mode

Vertical resolution range Std. Dev.
4 m 66 m 3.6 cm/s

Profile Parameters

Velocity Accuracy

0.3% of water velocity relative to ADCP +0.3cm

Velocity resolution

0.1 cm/s

Velocity range

+5m/s default, +20m/s max

Number of depth cid

1-128

— Ifremer
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Ping rate |

2 Hz (typical)

Echo Intensity Profile

Vertical resolution

Depth cell size (user configurable)

Dynamic range 80 dB
Precision +1.5dB
Transducer and Hardware

Beam angle 20°

Configuration

4 beam, convex

Internal memory

Two PCMCIA card slots; no memory card
included

Communication

Serial port selectable by switch for RS2 or RS
422. ASCII or binary output at 12€015,200 bauc

Environmental

Standard depth rating

200m; optional to 500m, 1000m, 6000m

Operating temperature

-5° 10 45°C

Storage temperature

-30° to 60°C

Software

WinSCd Data Acquisition System;
WInADCPd Data Display and Export

Standard Sensors

Temperatures (mounted on
tranducer)

Range-5° to 45°C,
Precision +0.4°C,
Resolution 0.01°

Tilt

Range £15°,
Accuracy +0.5°,
Precision +0.5°,
Resolution 0.01°

Compass (fluxgate type, include
built-in field calibration feature)

Accuracy +2°5
Precision +0.5°5
Resolution 0.01°
Maximum tilt +15°

janvier 2014
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2. Comments on data and previous treatment

methods

2.1. Overview of SMATCH probes measurements

- SMATCH ID

Immersion periods of instruments

0401

2911

2704

PAR — -
METEO — -
29011 1003 2811 o107,
) EY
ADCP_Waves —
22105
ADCP_Currents |— o com— . - —
0a/t6 16/10
\ 25/”\4 04109 007
22/06 2911 26/03 2702
s N
3107, 1703, 15M06_ 1208 0603 DBMD\ 18/08 2504
SMATCH_Surf — R RN Y — A — —
Smatch_20031
Smatch_20032

==Smatch_20091

=—=Smatch_20092

——$Smatch_20102

| | | | |
2009 2010 2011 2012 2013 2014

Figure 2-1: Instruments immersion date depending on their ID number for SMATCH probes
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Figure 2-2: Temperature data from ABIN mails and Coriolis base
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- Salinity

B0

Surface Salinity from Coriolis data base
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Figure 2-3: Salinity data from ABIN mails and Coriolis base

- Fluorescence
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Surface Fluorescence from Coriolis data base
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Figure 2-4: Fluorescence data from ABIN mails and Coriolis base
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- Turbidity
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Figure 2-5: Turbidity data from ABIN mails and Coriolis base

- Dissolved Oxygen
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Surface Dissolved Oxygen from Coriolis data base
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Figure 2-6: Dissolved Oxygen data from ABIN mails and Coriolis base

- Depth/ Pressure

Surface Depth from Coriolis data base
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Figure 2-7: Depth/Pressure data from ABIN mails and Coriolis base
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- Chlorination
Surface Chlorination from Coriolis data base Bottom Chlorination from Coriolis data base
kil . . . . 7 . .
B0
st
anr
E
0t
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o 010 o0 012 2013 2014 2012 13 2014
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70 : : : . | : :
&0 B0
0 a0
E 40 E 40
a0 30
0t o
10F n
i

2010 201 20312 2013 2014 2012 2013 2014

Figure 2-8: Chlorination data from ABIN mails and Coriolis base

2.2. Problems identification

Red circles in the figures of secti@l indicate some measures bias (positive and
negative, Figure 2-3, Figure 2-4, Figure 2-5), sensors drift Kigure 2-3) or double
measurementsrévious stuekstackled that question and suspected interferences between
the different kind of instruments (SMAH, ADCP, GPRS automate, isolation default
or cable damagés be responsible for these bad data profiles

2.3. The Coriolis Data Base

The MesuRho mooring measures are transmitted 6 times a day to the Gataoientre
and stored in a dabmse, whiclis accessible dittp://www.ifremer.fr/ceen/

The Coriolis web basacludes &Quality Control(QC) Code(Figure2-9) associated with
data sets, depending on valid bounds knowthe concerned areAs an example, the
salinity valid bounds at MesuRho station aré®B(PSU) as it is in the Mediterranean Sea

and in front of Rhone River mouth. It happens that measures are inside valid bounds but

look uncertain as shown above (large drift, double measures...). In these casesfewoul

useful to have the possibility to update, at least, QC codes, especially for data that may be

used for models validation.

WY T T T O

No QC Good Out Uncertain Wrong Modified Default
of
stats

Figure 2-9: Quality Control Code from Coriolis web base
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2.4. Some correction methods

A previous study (Lachaise, 2013) identified three ‘intuitive’ methods enabling to correct
temporal data time series in order to obtain more or less homogeneous and more realistic
series. Since dedicated oceanographic campaigns are sparse, very few datasi
comparisons between values from mooring sensors and from external sensors can be
done. As consequences, corrections using following methods should be use with caution,
considering the corrected data series for qualitative aspects more than e prec
guantitative apptations (like model validation) when additional data needed for
correction validation are missing

In the future, if several annual data time series are available, it would be possible to correct
data series providing uncerta@gibounds depending on previous data series at the same
period. Neural network methods are also good candidates for correcting data, and/or fill
missing values based on water masses characteristics.

2.4.1. Bias correction

The method implemented to correct biadath is close ta Moving Average Method

applied on both reference series and the series that have to be corrected. The reference
series is divided in intervals on which the maximum (or minimum) is calculated on the
percentile 95 of the data containedthie interval(Figure 2-10). Then the mean of all
maximum found on intervals is calculated angtKer future correction. The same
methodology is applied to the seribat have to be corrected, agath intervals data are
corred¢ed from the difference between the mean of reference series max and the max
found on the percerdil95 of the considered interval on the series to c@Figctre2-11).

Raw salinity data with positive bias
es |- I I 1 T T

+ raw_salinity_data_2012
ol | ———valid_lim biased series
———valid_lim biased series

+  ref_intervals

55—

e
=]
7]
e | reference series
45
.'g‘ T T TTT T T T T T T T T
£ 1
] 1
W
o4
i TR
B : R
1 % R
1 AR I 4
- ! Y
1 : g
1 .
Ly 1 g
L1
# L___f___g __________ I

| |
30-Juni12 19-AugH2 08-0cl/12 27-Nowf12 16-Jan/13 07-Mari13 26-Apri13
date

Figure 2-10: Example of biased salinity data series
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Reference and bias-corrected salinity data series
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Figure 2-11: Example of bias corrected salinity data series

2.4.2. Double correction

Some data series showed double measures leading to dataveslagpingor the sane
period. In order to retain only one data sedesglection occur depending on dates and
differences between the measures.

'From date' option: Sarting at a data point with ddtitel’, we look for data points that are
present betweedatel'anddate _next=datel+dtlf several data points are present in this time
interval, the one that have at least 2/3*dt time gap and minimum difference with the previous
retained measurefistained Figure2-12).

Double correction of salinity data series with '"From date' option
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Figure 2-12: Example of double correction on salinity data series with the 'From date' option
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- 'From data’ option: with this option, a supplementary condition is applied to the retained
points, it must be in thealid bounds of theonsidered variabig-igure2-13).

Double correction of salinity data series with 'From data' option
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Figure 2-13: Example of double correction on salinity data series with the 'From data' option
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2.4.3. Drift correction

For drift correction, the meaof maximum found on percentile 95 of each sub intervals is
calculated on a reference data series. On the series that have to be corrected from drift
signal Figure2-14), a linear regression is made on each subinterval andtpobje order

to have a horizontal line. The latter is then moved vertically depending on its maximum
calculated on percentile 95, in the same manner of the bias correction nidguoel (

2-15). When external in situ data are #alalie, a comparison between corrected data series
and in situ data can be done in order to evaluate correction relegoe 2-16,
Figure2-17)

Drifted and biased salinity data series
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Figure 2-14: Salinity data series with drift signal

Drift correction method
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Figure 2-15: Drift correction method illustration
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Drifted correction on salinity data series
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Figure 2-16: Salinity data series corrected from drift
Comparaison of corrected salinity data series with CTD d;a
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Figure 2-17: Comparison of in situ data from CTD with corrected salinity data series

— Ifremer

janvier 2014



Development of analysis tools 21 I

3. Development of analysis tools

3.1. Matlab Buoy Interface (MBI) development

In order to nake easier and faster data visualisation, treatment and analysis, a graphical
user interfacéGUI) wasdeveloped with the Matlab software: the Matlab Buoy Interface
(Figure 3-1). From data formatted in the Matlab structure forthahks to dedicated
routines, the MBI allows data visualisation, Quality Control (QC) modification,
comparisons between SMATCH data and external in situ data (QTDives the
possibility to make correctigron data as mentioned above (for bias, dnfl double
troubles) and can do analysis thanks to several tools such as Fourier Series, Principal
Components Analysis, linear regression and several filters, all described below.
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(©) Select curve portion
date v [TEMPLEVEL1 degre.. = -
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723911.4888 13427
735578.9395 28.403
Date min Date max 7 Change QC code . 5h
18-1ay-2000 11:40:40 10-Dec-2013 223257 2
8
]
220
EE y
£
|
p}
E= g
£
o
=
i
=0t
— TREATMENT (one curve only) -
Corrects Anal
© Linear regression - sk
Windows 192
- Fittr tyoe
7 Fiter  valid_tim -
Tvpe  max -
0 \ \ . . \ \ \ . )
- 27-Jan/09 15-Aug/09 03-Mar/10 19-Sep/10 07-Aprf11 24-Oct/11 11-May/12 27-Nov/12 15-Junf13 01-Jan|
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x 19-Feb-2012 16:57:03 A 72701
Windows preey va
- %) ace key_pressed_fcn(): When mouse is in the graphic area, del caps delete selected curves(red)
Tvoe . se
mex “ 1
. I L I Ry
A = e o -
- m C] m} Ed S E D,

Figure 3-1: The Matlab Buoy Interface (MBI) showing surface temperature data compared with
CTD data

3.2. Data analysis tools included in the interface

3.2.1. Linear regression

The linear regression option calcutagestraightine that minimize the quantityd (cost
function, by theleast guaresmethod:

¢~ @< data + & (Eq. 1)
J=¢,_ [data,A g (Eq. 2)
fremer janvier 2014



I 22 Development of analysis tools

wheredata_xianddata_yiare abscissa amuldinateof the data curve respectively, y i the
linear equation of the regression.

The solutiorof J minimization is

cov(data ,data)
"~ var(data)

6= yAax dath,

(Eq. 3)

(Eg.4)
Example:

Linear regression on surface temperature data series
S T T
surf_temperature_2009-2013
—————————————————————————————————————— ———valid_lim -
———valid_lim
surf_temperature-regression_2009-2013

a0

y = -0.0015742 * x + 1173.6065 R=0.19659

temperature (*C)

15-A0g3 28-Dec/10 11-Mayf12 23-Bep/13
date

Figure 3-2: Example of linear regression on sub-surface temperature data series

3.2.2. Filters

The MBI is able to filter a temporal data series depending on user choice:
'Valid_lim' : keefgdata that are inside valid bounds

- 'QC': keepsdata that have QC code wanted by the user (multiple possible choice)
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**II fremer

Example:

Filter on 'good’ and 'uncertain’ QC code
B0

23 |

+ raw_salinity_data_series_2011 ‘ f ‘
———valid_lim
———valid_lim

filtere dQC_salinity_data_series_2011

e

50

salinity [PSU)

1]
28-Dec/10 16-Febs11 TB-Juli11

date

07-Aprf11 27-May/11 04-Sep/11 24-0ct 1 13-Dec/11

Figure 3-3: Example of QC filter on salinity data series

01-Feb

'Simple exponental': makes a simple exponential smoothing with user defiregha’

smoothing parametdollowing Eg. 5.

= Px y+(1AP)x y&, (Eq. 5)

'‘Double exponential: makes a double exponentiasimoothing (twice the simple exponential

smoothingwith user defined 'alpha’ smoothing parameter

Example
Simple and Double exponential smoothing on temperature data series

16
raw_temp_data_series_2011
———valid_lim
155 =~ valid_lim
simple_exponential_smoothing0.1_2011
double_exponential_smoothing-0.1_2011
18
g 1451
]
-
2
8 b
@
o
E
]
+ 135
13- L . .5':\ s
128 E \, B
b ! i L \ l l l
OF-harf11 13-Marf11 18-Mar 1 23-Mar11 2e-Mar11 02-Apri11
date

Figure 3-4: Example of simple and double exponential smoothing on temperature data
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3.2.3. Fourier series (from Emery and Thomson (2004))

For many applications, we can view time series as linear combination of periodic or
quasi periodic components that are superimposed on gdamngirend and random

high frequency noise. The periodic components are assumed to have fixed, or
slowly varying amplitudend phases over the length of the record. The trends might
include a slow drift in the sensors characteristics or a long term component of
variability that @an notbe resolved by the data seriékloise” includes random
contributions from the instrument sensors or electronics, as well as frequency
components that are outside the immediate range of interest (e.g. small scale
turbulence). A goal of timeeries aalysis in the frequency domain is to reliably
separate periodic oscillations from the random and aperiodic fliartgat

Fouier analysis is one of the most commonly usedhouts for identifying periodic
components in near stationary tisgries oceanogwhic data if the time series are
strongly norstationary, more localized transforms such as Hilbert aneMtdransforra

should be useds well as Empirical Mode Decomposijion

Fourier's basic premise was that any finite lengtimitely repeated the series, y(f)
defined over principal interval [0,T] can be reproduced using a linear summation of
cosines and sines of the transform

The Fourier series is calculated as:

y(t)= % At ¢, IA BeogLl Bt )+ B gsin(L 0t )] (Eq. 6)

Where% A,=MIB=0
where is the mean of the record,Aand B, are constants (Fourier coefficients),

and thespecified angular frequenciésp are integer (p=1, 2, 3...) multiples of the
fundamental frequencyi= 2 fi= 2 T, Ivhere T is the total Igth of the series.

Usingt=net , the final form for the discret
y(t)= % At ¢, [A o201 5n/ N)+ B Ssin( 1 5pn/ N)] (Eq. 7)
with :
2 N ~ o Eq. 8
A= 5 & ey Y00S(20 BPO/N), p=0,1,2,...,N/2 (Eq. 8)
2 0N .
Bp:NC . Y.0sin(201 6pon/N), p=1,2,...,(N/2)Al

We can also express Fourier series as amplitude and phase (K. i®)the
amplitude of thepth component , the phase anglef the constituent. The phase
angle gives the relative 'lag’ of the component in radians measured counter
clockwise from the real axis (&0, B,=0). The orresponding time lafpr the pth
component is thetp= &/ 2 fp,in whiché& p is measured in radiass that:
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1 N2 o . Eq. 9
y(tn):§C0+ é p:l[C HcogDIdpON/N)AC | (Ea.9)
Co=A
C =(A%+B)",p=01.2..
c¢,=tarf'[B /A ],p1,2...

The relative contribution a given component makes to the total variance of the time
series is a measure of the importance of that particular fieguwemponent in the
observed signal.

Example:

Example of Fourier series on sainity data series
40 T T T T

35

- 30
=
w
o
Q salinity{QC good and uncertain)_2011
£ ———valid_lim
b ———valid_lim
+  salinity-fourier15_2011

20+~ —
15 —
| | | | | |
28-Decs10 16-Febi11 07-Apri11 2 -May/11 16-Julf11 04-Sepi11
date
Figure 3-5: Example of Fourier series on salinity data, with the 15th first components
composant 1, periode: 77347 dt, %variance: 0.81014
3 I I I I T
| | —1 B e I i i I
Mar Apr May Jun Jul Auy Sep Oct Hov Dec Jan
composant 2, periode: 3867dt, %variance: 0.082153
| ———— j T [ — | —
Mar Apr May Jun Jul Auy Sep Oct Nov Dec Jan
composant 3, periode: 2578%dt, %variance: 0.085406
& \ I I T i i i
ik \ I | | |
Mar Apr May Jun Jul Auy Sep Oct Nov Dec Jan
composant 4, periode: 1933.57dt, %variance: 0.039482
3 I T T T 1
L S e T I R | | | 3
Mar Apr May Jun Jul Auy Sep Oct Hov Dec Jan
composant 5, periode: 1546.87dt, % variance: 0.0067401
0s E T T T T T 2
a5 [ | | | |
Mar Apr May Jun Jul Aug Sep Oct Hov Dec Jan
composant 8, periode: 1289 dt %variance: 0.018722
) ‘ ‘ | j | | | | N
‘Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

Figure 3-6: Details on the 6th first components of the Fourier series
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3.2.4. Principal Component Analysis

Principal component analysis (PCK)a statistical procedure that usethogonal
transform#&on to convert a set of observations of possibly correlated variables into
a set of values dinearly uncorrelatedariables callegrincipal componets. The
number of principal components is less than or equal to the number of original
variables. This transformation is defined in such a way that the first principal
component has the largest possieiance(that is, accounts for as much of the
variability in the data as possible), and each succeeding component in turn has the
highest variance possible under the constraint thadugtbe orthogonal to (i.e.,
uncorrelated with) the pceding components. Principal components are guaranteed
to be independent if the data sejamtly normally distribute. PCA is sensitive to

the relative scaling of the original variables.

Methods details fromhttp://maths.cnam.fr/IMG/pdf#E-P-.pdf.

From a set of p variables observed n times, a data matrix X is constfkiciaée

3-7)
Xt X X Xp
AT -] ]
X, X X;
X gl x8
,x n “ oo | XL xP || Observation ¢y
(n,p)
.1 :.j P
A 4 ‘\u ‘\u ”'””‘\n_
Variable X
- P >

Figure 3-7: ACP data matrix

The data matrix X is theoentred(here after annotatet) or centredand reduced
(2) leading to the M matrix, and the variaramvariance (1) or correlation (2)
matrix V is calculaed as

weight:% |, wherel istheidentity(n, p) (Eq. 10)

V= M'bweightM

If variables arecentredand reduced, diagonal elements of V represent the vagiable
variance and is equal to The trace of V, which represents the total inersaqual

to p, the number of vaables.

The researciof axes with the maximum inerti@adsto the construction of new
variables (which are associated with these axes) of maximum variancther
words, a change of reference is perfornmredd\ in order to be placed in a new
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system epresentation where the first axis providee maximumtotal inertia of the
datg the second axithe maximum ofinertia not taken into account by the first
axis, and thereby away.

This reorganization is based on the diagonalization of the var@vegiarce (1) or
correlation (2)matrix:

v=UDU* (Eq. 11)
whereDisdiagonal,U composedf eigenvectors

Principal compnents C are then calculated as:

C'=U 8X+U'6X*+...UBX P (Eq. 12)
The i"principal component @rovides coordinates of the n obseiwas on thé™"
principal axis.

Example:

An ACP was performed on sub surface SMAT@0. 1dataset

Figure3-8 shows eigewalues of the diagonal matrix, and cumulative percentage of
the total data inertia supped by the axes related to these eigenvalues.

Figure3-9 shows the representation of data and variables on the two principal axes
of the new reference.

Eigen values (EV) and cumulative variance
3

|46.1362% (EV1)

72.6356% (EV1+EV2)

84.0267% (EV1:EV3)
93.0614% (EV1:EV4)

9.9694% (EV1:EV5)

100% (All EV)
o I I \ \

1 2 3 4 5 B

Figure 3-8: Eigenvalues of the diagonal matrix and cumulative explained variance
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Figure 3-9: Variables and observations representation in the reference defined by the two first
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Data treatment (from SMATCH multi-parameters sensors)

4. Data treatment
parameters sensors)

(from

24

SMATCH  multi-

Here, SMATCH probes data are presented with associated quality code. Some data were
corrected on salinity, fluorescence and turbidétgiableswhich shown drift or bias signs.

Their quality code were put as 'diited'. When data were suspicious and no chlorination
occurred, data were not correctt put as ‘uncertain’ for their quality code. Indeed, no
chlorination procesmeans that sensors were not cleaned, so we don't really know what

was measure@x: bio fouling presence)

o T T TR

L}

No QC Good Out Uncertain Wrong Modified Default

of
stats

4.1. Temperature

Figure 4-1: Surface and bottom temperature data with control quality code colours

Surface temperature with QC (2009-2013)
T T T

temperature (°C)

temperature (°C)

Bottom temperature with QC (2011-2013)
T T T

4.2. Salinity

Figure 4-2: Surface and bottom salinity data with control quality code colours

Surface salinity with QC (2009-2013)
T T T T

Bottom salinity with QC (2011-2013)
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4.3. Fluorescence (chlorophyll-a or phycocianine)

Figure 4-3: Surface and bottom fluorescence data with control quality code colours

Surface fluorescence with QC Bottom fluorescence with QC (2011-2013)
T T T T
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Figure 4-4: Surface and bottom turbidity data with control quality code colours
Surface turbidity with QC (2009-2013) Bottom turbidity with QC (2011-2013)
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5. Example of study : storm event (5-7 March
2013)

The weather station datgigure5-1 shows a strong eastigh-east (96110°) wind event
that lastedour days, from the 4th of March to the 7th of March 204&imum wnd
speed reached 20m/&(km/h equivalent to 39 knotsThis event was associated with
rain (maximunrainfall of 1.54 mm/day on the 6th of M&r; increasingontinuousiythe
Rhone riverflow during the storm periofFigure5-1: Rhone river flow andEMATCH
probe salinity datéa), weathestation datdb, c)duringthestorm event The suksurface
SMATCH probe was sittied at 27 m ++ 0.5 wnder the sea surface, with high waves
(maximum of 4mas shown ifFigure5-2 (a)) and sea surface elevation.

Strong freshening signalas present only on the 6th of Mard¥igure5-1 (a)), whilethe
Rhone Riverflow increased during four days and wind conditionsevsaible. Several
assumptions could be made to explain this phenomena:

- First, because of sea level variations and high waves, the SMATCH probe was at a variable
distance fom the sea surface, 2.7m @/5m during the storm event, which is quite dedpdb
the influence ofhe Rhone River plume.

- The rain doesn't seem to impact salinity at the SMATCH depth as it concernsarfainly
centimetres othe sea surface

- Figure 52 (b) shows strong turbidity on the 6th of Marcloncomitant to thdreshening
signal. These facts could lead to the assumptionRiaine River slightly dilutesvates may
have reachedthe MesuRho station and could accumulaten ithe coastal zone due to
hydrodynamicaunder northwest currentsleading to the presence of fresh water at a deeper
depth

In order to better understand the freshening event of the 6th of March 2013, supplementary
information and analysis are needegeeslly to put measurements in spatial and hydrodynamic
contexts. Unfortunately, south east wind brought clouds in the area of interest and no satellite data
were available between the 4th and the 7th of March.

Figure5-3 showssurface chlorophyll satellite data for the 3rd, 8th, 9th and 10th of March 2013.
The satellite data resolution as well as clouds presence do not allow to conclude about the
freshening event measured by the sub surface SMATCH probe on the 6th of March.

Hydrodynamic models would potentially give precious information about this freshening event:
- where does it come from?
- How deep is the fresh water mass?

- What are the process(es)/process succession or interactions responsible for the fresh water
mass reachinthe sub surface SMATCH depth at the MesuRho station?
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5-7 March 2013 storm event

storm event (5-7 March 2013)
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Figure 5-1: Rhone river flow and SMATCH probe salinity data (a), weather station data (b,

the storm event

5-7 March 2013 storm event
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Figure 5-2: Wave heights and surface elevation derived from ADCP data (a), SMATCH probe
fluorescence and turbidity data at the sub-surface (b) and at the bottom (c)
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3rd of March 8th of March

9th of March 10th of March

Figure 5-3: MODIS Chlorophyll satellite data before and after the storm event

6. Future improvements

In order tobettermanage SMATCH probes and resulting measurements, several possible
improvements are proposed:

1

To integratesensorid numberin the Coriolis weldatabase As five SMATCH
probes are used in turn on tMesuRhostation, the id number record in the web
database would allow to check if observed problems come from a particular
proke.

To look for SMATCH probes sensorcalibrationin the field, in addition to
metrology [aboratory sensor calibratiprand for all the sensors, just after the
probe deployment and before its recoverngheckfor drift signaland magnitude
order This would help for correcticlasksand also for optical devices calibration

To maintain thelist of all interventions on thé/lesuRhostationin a single
document/book/online basallowing a global view, information overlap and
monitoring improvements. This can be helpful also fev participans and time
saving in many tasks.

Ideal planningf operationgo monitor sensor fluctuations (drift, bigswould be
monthly in situ measurementss close as possible of the mooring, \eitternal
instrument such as CTD equipped with a florometer and an OB&nd water
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