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O, optodes

Autonomous platforms (Argo and gliders): known issues,
recommendations for implementation and qualification

Henry Bittig
I0W, Baltic Sea Research Institute Warnemiinde

Workshop on Interoperability Technologies and Best Practices in Environmental Monitoring - Brest, 10-12 October 2018
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Known issues?

Best practice:
If you want to put your sensor in a given environment, know the
behaviour of your probe beforehand (or know how to check).

What characterization?

(Equilibrium) response to O,, to T, and to P (two-fold effect*)
— Quite well known or ‘straightforward’ to obtain

Time delay t?
O, time response (reasonably-well known), no relevant pressure
hysteresis

Change with time At? If yes, in which way?
O, (strong 'storage’ drift, small ‘in-situ’ drift, known), T (no evidence),
P (possibly, not proven)

*Bittig et al. (2015) Pressure Response of Aanderaa and Sea-Bird Oxygen Optodes, JAOT
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O, time response issue '

Characterized in lab experiments: Step response O,/N,-bubbled baths
(a) Changing flow at constant temperature X
(b) Constant flow with changing temperature

approx. flow speed (@ 1/2 cnf) /m s~
“slow-platform” laboratory experiment (4)
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O, time response issue

Characterized in lab experiments: Step response O,/N,-bubbled baths
(a) Changing flow at constant temperature
(b) Constant flow with changing temperature
— Two-layer stagnant film model to explain O, time response:
(a) Flow determines liquid layer thickness I,
(b) Temperature-dependent diffusivities/solubilities modify t(T)
— look up-table for = = f(I.,T)
1

approx. flow speed (@ 1/2 cnf) i m s
"slow-platform” laboratery experiment (4)
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O, time response issue

Characterized in lab experiments: Step response O,/N,-bubbled baths
(a) Changing flow at constant temperature
(b) Constant flow with changing temperature
— Two-layer stagnant film model to explain O, time response:
(a) Flow determines liquid layer thickness I
(b) Temperature-dependent diffusivities/solubilities modify t(T)
— look up-table for T = f(l.,T)
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Bitlig et al. (2014) Time response of oxygen optodes on profiling platforms and its dependence on flow
speed and temperature. Limnol. Oceanogr. Methods
Bittig and Kortzinger (2017) Technical note: Update on response times, in-air measurements, ... Ocean Sci

O, time response issue

Transfer to field deployments:
— velocity — I parameterization depending on platform & attachment
e.g., from dual-O, float (fast & slow O, optode on same float),

dual-O, CTD, dual-O, glider, ... Float 6900890 profle 022 11-Jan-2014 13:20:31
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O, time response issue

Transfer to field deployments:
— velocity — I, parameterization depending on platform & attachment

e.g., from dual-O, float (fast & slow O, optode on same float),
dual-O, CTD, dual-O, glider, ...
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O, time response issue

Transfer to field deployments:
— velocity — |, parameterization depending on platform & attachment

e.g., from dual-O, float (fast & slow O, optode on same float),
dual-O, CTD, dual-O, glider, ...
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Known issues?

Best practice:
If you want to put your sensor in a given environment, know the
behaviour of your probe beforehand (or know how to check).

What characterization?

(Equilibrium) response to O,, to T, and to P (two-fold effect®)
— Quite well known or ‘straightforward’ to obtain

Time delay t?

O, time response (reasonably-well known), no relevant pressure
hysteresis

Change with time At? If yes, in which way?

O, (strong 'storage’ drift, small in-situ’ drift, known), T (no evidence),
P (possibly, not proven)

*Bittig et al. (2015) Pressure Response of Aanderaa and Sea-Bird Oxygen Optodes, JAOT

O, response 'storage’ drift

Strong O, sensitivity loss (O(5 % / year) ), i.e.,

(1) Not recently calibrated optodes should be regarded as uncalibrated!

(2) Any deployment needs some way of referencing.

Linear with pO,, small (often negligible) zero intercept.

(3) Adjust with a slope only (or a slope and very small offset).

(4) Potentially easy to adjust (1 point at high pO,), if base O,-T
characterization is good (i.e., lab multipoint!)

(5) Requires lab multipoint O,-T calibration at some point; Batch-adjusted
often distorted-linear and 1-point not recommended.
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O, response 'storage’ drift

Strong O, sensitivity loss (O(5 % / year) ), i.e.,

(1) Not recently calibrated optodes should be regarded as uncalibrated!

(2) Any deployment needs some way of referencing

Linear with pO,, small (often negligible) zero intercept.

(3) Adjust with a slope only (or a slope and very small offset).

(4) Potentially easy to adjust (1 point at high pO,), if base O,-T
characterization is good (i.e., lab multipoint!)

(5) Requires lab multipoint O,-T calibration at some point; Batch-adjusted
often distorted-linear and 1-point not recommended.

Drift becomes less intense in older optodes / foils.
(6) Don't change foils unless mechanically damaged.

Henry Bittig, Reunion Oxygene France, Brest, 12. Oct. 2018
O, response 'in-situ’ drift

From multi-year float deployments, e.g.,
» Change in deep O, (believed to be stable)

(Slide from Virginie Thierry)
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O, response 'in-situ’ drift
From multi-year float deployments, e.g.,

« Change in deep O, (believed to be stable)
+ Direct observations at surface ‘'in-air’
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Order of O(0.5 % / year) magnitude smaller than 'storage’ drift (O(5 %/year))

(7) Long-term deployments need long-term way of referencing.
e.g. regular in-air measurements!
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O, response 'in-situ’ drift — In-air observations
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Bittig and Kortzinger (2015), Johnson et al. (2015), Bushinsky et al. (2016), SCOR WG 142 (2015)

On floats: Established, becoming standard

Unclear fleet tendency (15 floats with multipoint calibration: slightly negative; 52 floats
with batch calibration: both negative and positive),
but individual ones drift significantly (correction needed) Bittig et al. (2018)

On gliders: Proven, but rare?
1 DGY
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Pressure response drift

From multi-year float deployments, e.g.,
« change in deep O, (believed to be stable)
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(Slide from Virginie Thierry)
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Hard to distinguish change in O, response
from change in P response...
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Pressure response drift/conditioning

Surface O, drift only linear vs. deep O, drift curved — mismatch?
Pressure conditioning through pressure cycling?
But no hard clues. Still... watch out!

Wolf et al. (2018)
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Summary

Two-fold pressure response, on luminophore and on quenching process.

(0) Pressure correction should be done in two steps.

Strong ‘storage’ O, sensitivity loss (O(5 %/ year) ), i.e.,

(1) Not recently calibrated optodes should be regarded as uncalibrated!

(2) Any deployment needs some way of referencing

Linear with pO,, small (often negligible) zero intercept.

(3) Adjust with a slope only (or a slope and very small offset).

(4) Potentially easy to adjust (1 point at high pO,), if base O,-T
characterization is good (i.e., lab multipoint!)

(5) Requires lab multipoint O,-T calibration at some point; Batch-adjusted
often distorted-linear and not recommended.

Drift becomes less intense in older optodes / foils.
(6) Don't change foils unless mechanically damaged.
Smaller but significant in-situ drift ( O(0.5 % / year) )

(7) Long-term deployments need long-term way of referencing.
(e.g., in-air if profiling or surface mooring)
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Further reading :-)
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