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Salinity Correction – Why? 
• Spikes in salinity and hysteresis between 

upcast and downcast
• Caused by temporal misalignment in T 

sampled by thermistor and that experienced 
by conductivity cell  
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Causes of Error
• Studied by Lueck 1990, 

Lueck and Picklo 1990,  
Morison et al 1994, Johnson 
et al 2007

• 3 sources:
1. Sensor Response Lag: the 

time lag in response of the 
thermistor and the 
conductivity sensor 

2. Physical Separation Lag: the 
distance between the 
thermistor and the 
conductivity sensor 

3. Thermal Lag/Thermal Mass: 
the warming or cooling effect 
of the CTD (tubing etc.) on 
the parcel of water 

• Exacerbated with gliders
–. CTD un-pumped
–. Variable velocity
–. Flow dynamics unknown 
–. Data sparse (0.5 Hz) and 

irregularly sampled

Diagram pumped SBE-CP41 
from Johnson et al (2007)

Image of un-pumped SBE-CP41 
CTD (OEM) in situ
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Correction Analysis
• Developed with and building on work of Garau et 

al (2011)

• Pre-processing
– Standard Sea-Bird Electronics low-pass 

pressure filter
– Recover T and C measurements without 

timestamp

• Sensor Lag – standard and derived
– Applied SBE values (τT 0.5 s, τC 0.1 s )
– Deriving τT and τC through minimizing the area 

between upcast/downcast pairs, use mission 
median

• Physical Separation Lag
– estimated as 0.25s, below 0.5 Hz resolution
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Corrections Analyzed cont.
• Thermal Lag

– Indicated as the source of the largest error 
Johnson et al (2007)

– Lueck and Picklo (1990) derived formula for 
SBE-9

– Morison et al (1994) found the correction 
coefficients α and τ through comparing up and 
downcasts at constant flow velocity

– Here use method of Garau et al (2011) to relate 
the correction parameters α and τ to the velocity 
of glider throughout the profile

– Derived through minimizing area between T/S 
pairs, use mission median values

Tcor (n) = -b Tcor (n-1) + a[T(n) – T(n-1)]

a =  4fnα τ/1 + 4fnτ
b = 1 – 2a/α
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Results 1

• Derived τT  
similar to SBE 
values, τC large

• Both reduce 
hysteresis

• Indicates derived 
correction τC 
mixes sensor 
and thermal lag 
corrections
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Results 2

• Salinity corrected 
with sensor and 
thermal lag 
(derived and SBE) 
and thermal lag 
only

• Sensor lag 
correction 
increases spikes in 
salinity

• Derived α and τ 
similar consistent 
for two missions an 
to other studies
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Summary of new findings & 
ongoing work• Indicates the thermal lag correction, after 

Garau et al (2011) and with pre-
processing, for the moment offers the 
‘best’ solution

• Glider Toolbox – available, requires up and 
downcast pairs

• Future experiments:
– Sensitivity of parameters, quantification of 

improvement
– More missions, variance in values of Tau and 

Alpha
– CTD calibration comparison
– Glider flow dynamics – pitch/speed 

experiment, through cell flow

• Salinity work building block for 
transports……
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Transport variability - Ibiza 
channel • Importan

t 
exchang
es and 
impact 
on 
biology

• Previous 
studies; 
NC 
stronger 
in winter, 
BC flow 
variable, 
retroflect
ion 
(‘blockin
g 
eddies’), 
variabilit
y in 
inflows

CB

Iberian Peninsula

Ibiza

Mallorca

Menorca

: Main surface currents

NC

AW

BC
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New deep glider missions - 
SOCIB• 6 channel transects in Jan 2011

• NC and BC outflows/inflows visible in T 
and S

• Used to calculate density   geostrophic ➣
currents  transports➣

Temperature (θ °C) Transect T2 Salinity

Velocity 600m zero reference
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Results 1 – geostrophic current 
variance• Geostrophic current estimates, transect 

approx. 3 days
• Variability in strength and location NC and 

BC inflows
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Results 2 – transport estimates
• Values consistent with previous studies, e.g. 

Pinot et al (2003)
• Seasonal variance e.g. 1.2 – 0.4 South, 0.1 – 

0.7 North (109 kg s-1 ≈ Sv)

Transects

Sv 
(106 m3s-1)
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Preliminary Findings & Next 
Steps • Variance in transports is higher than 

anticipated within one month and between 
transects

• Develop timeseries of transports for Ibiza 
and Mallorca channels and investigate 
variance and the causes

• Interesting and exciting application of the 
gliders ability to deliver increased temporal 
resolution
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