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Density: Definitionof TEOS-10
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TEOS-10 for the International ThermodynamicEquationof Seawater2010



Chemical composition of seawater : Salinity anomaly  SɻA
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T. J. McDougall et al., Theinternationalthermodynamicequationof seawaterï2010
calculation and useof thermodynamicproperties,IntergovernmentalOceanographic

Commission,ManualsandGuides., 20, 196, 2009

Ç Relative chemical 
composition of seawater is 
slightly different in different 
geographic locations.

Ç Anomalies of salinity can 
vary from 0 to 0.025 g/kg.

Open Ocean
Spatial distribution of absoluteSalinity Anomalyɻ SA (at 

p=2000 dbar) aroundthe world

Coastalwaters

Ç The difference between 
Absolute salinity and 
Reference salinity can be 
large up to 0.1 g/kg.



NOSS : a solution for in-situ densitymeasurement
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DESIGNATION NOSS 2- 2

RefractiveIndex
Range
Initial accuracy

1.3353 to 1.3458
<1.10-6

Temperature
Range 
Initial accuracy
Response time (at 63%)

-2 +35°C
< ±0.006°C
< 150msec 

OperationalDepth
Range 
Initial Accuracy

0 to 2100 dbar
±1 dbar

Multiple outputs:
o Refractiveindex, Density, AbsoluteSalinity
o Temperature, Pressure

Communication:
o RS232 Serial output, Data Format ASCII

Mechanicalfeatures:
o Dimensions: diam. 100mm   height185mm
o Weight: 2.4kg (in air) 1.7kg (in water)



Links between : 
Refractive index and absolute salinity
Refractive index and density
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Density
AbsoluteSalinity

SA (g/kg) 

NOSS Sensor
Seaver&Millard

algorithm

TEOS-10
Standard error: 
0,0036 kg/m3

Accuracy±0,003 kg/m3

Estimation of Accuracy±0,005 g/kg

NOSS Sensor

Refractiveindex
Uncertainty < 10-6

LaboratoryCalibration



Calibration method
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Calibration in reference salinity at multiple refractive index  points at 
fixed temperature and at atmospheric pressure.

Performed in thermostatedbath for several reference salinity samples  
(SR from TEOS-10, 20 to 40 g/kg or lower range 0 to 27g/kg)

Residual error for salinity calibration: <10-6 in refractive 
index equivalent to 0.005 g/kg in salinity



Characterization in temperature
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5 temperature stage have been performed between 5 and 25°C.

Objectives: Determine some corrections to compensate the effect of 
temperature on the refractive index measured by NOSS sensor at fixed 
reference salinity and at atmospheric pressure.

Allow to maintain the accuracy of NOSS sensor better than 10-6 at different 
temperature.

Laboratoryequipment:
Thermostatedbath 

Red dots: Value not compensated
Blue dots: Value compensated



Characterization in temperature
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5 temperature stage have been performed between 5 and 25°C.

Objectives: Determine some corrections to compensate the effect of 
temperature on the refractive index measured by NOSS sensor at fixed 
reference salinity and at atmospheric pressure.
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Characterization in pressure
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7-8 pressure stages have been performed between 0 and 2000 dbar.

Objectives: Determine some corrections to compensate the effect of pressure on 
the refractive index measured by NOSS sensor at fixed reference salinity with a 
low level of variability in temperature.

Allow to maintain the accuracy of NOSS sensor better than 10-6 at different 
pressure.

Red dots: Value not compensated
Blue dots: Value compensated
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Deploymentof NOSS on a CarouselCTD, 
in the MediterraneanSea: BioArgoMedcruise
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MeasuringSalinity:

V CTD Ą PracticalSalinitySP

V NOSS Ą AbsoluteSalinitySA

V NutrientĄ SɻA
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Deploymentof NOSS on a CarouselCTD, 
in the MediterraneanSea: BioArgoMedcruise
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V NOSS sensorintegrated on the chassisof CarouselCTD  close to the CTD pump
V Data multiplexedwith other sensorsand recovered(re-board) in real time
V 11 castsperformedin the MediterraneanSea
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Deploymentof NOSS on a CarouselCTD, 
in the MediterraneanSea: BioArgoMedcruise
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V NOSS sensorintegrated on the chassisof CarouselCTD  close to the CTD pump
V Data multiplexedwith other sensorsand recovered(re-board) in real time
V 11 castsperformedin the MediterraneanSea

SA (NOSS) ĄNot post-calibrated
(in progress)

Nutrient ĄOk

T, SP (CTD, in progress)ĄOk

To be done: synchronisation of 
data in pressure

Salinity

Temperature

CTD SR
NOSS SA

CTD SR
NOSS SA

Pb of CTD pump
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Previousdeploymentof NOSS on a drifting float, 
in the MediterraneanSea: CorrectedSalinityprofiles after
post-processing

o Moose mission in the Dyfamed/Boussolesite 
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Salinity time series have similar shapes for both NOSS 
(Snoss) and CTD sensors (SR) with a very slight deviation 
(ʵ{AҖ лΦлн ƎκƪƎύ ŦǊƻƳ л ǘƻ нллл dbar. 

CTD Sp

NOSS SA 

CTD SR (TEOS-10)
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Previousdeploymentof NOSS on a drifting float, 
in the MediterraneanSea: Temperatureprofiles

o Moose mission in the Dyfamed/Boussolesite 
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Temperature time series have similar shapes for both 
NOSS and CTD sensors from 0 to 2000 dbar. NOSS

CTD
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Salinitydifferencedistributions in the NW MediterraneanSea
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SɻA = SA (NOSS)ςSR (CTD)

SɻAҒ лΦлм ƎκƪƎ



/ƻƴŎƭǳǎƛƻƴǎ Υ ǿƘŀǘ bh{{ ǿƛƭƭ ƻŦŦŜǊ Χ

06/03/2019 16

o New tool for monitoring in situ absolutesalinity SA and density
óf seawater in parallel of current measurement instrument 

(CTD).

o Alternative solution for classical CTD

o Better knowledge of traceability of salinity anomalies (density 
and absolute salinity)


