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Good news first: We already came quite some way! ☺

• 180k profiles with DOXY, of which 80k have received DMQC

• Well documented processing
and quality control

• Approaching Winkler Quality
in the best cases !

by MBARI / SOCCOM, May 2018



Processing: State of the art

• BGC-Argo DAC cookbook: 
stable; tiny, ca. yearly amendments

• BGC-Argo QC manual: 
essentials present (simple RTQC tests, 
data adjustment), future refinements 
expected (finer QC tests, adjusted error 
estimation, ...)



Processing: State of the art

• DAC: Processing raw data -> DOXY

• DAC: RTQC DOXY -> DOXY_ADJUSTED
(after PI DMQC feedback)

• PI: Quick first DMQC for RT adjustment

• PI: Repeat DMQC in regular intervals

Bittig et al. (2019) A BGC-Argo guide: Planning, deployment, 
data handling and usage. Front. Mar. Sci. 6:502. 
doi: 10.3389/fmars.2019.00502



Agenda of refinements

Processing

• PhaseCoef0 issue

RTQC

• Quick biofouling with rapid daily cycling during day

• Need faster ways to filter out (probably) bad data quickly: 
Regional Range Tests, Surface Saturation Test

Adjustments

• Adjustment maths, adjusted error estimate

• Workflow

• Time response correction (DM), MTIME variable



Follow-up: PhaseCoef0 issue
Following modification 
of cal. procedures after 
Apr. 2017, not all 
calibration coefficients 
were stated on 
Aanderaa 4330 
calibration sheets.
Fixed ~Sept. 2018.

Optode 4330 SN range 
~2400 - ~3000 

-> AO 103, IF 88, IN 10, 
HZ 7, JA 1 float

New deployments with 
4330 optodes in this SN 
range need checking!
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Avoid continuous daily surfacing during the day in warm areas! 
Risk of severe biofouling

• daily during noon



Optode biofouling

Avoid continuous daily surfacing during the day in warm areas! 
Risk of severe biofouling

• daily during noon

• daily during noon



Optode biofouling

Avoid continuous daily surfacing during the day in warm areas! 
Risk of severe biofouling

• daily during noon

• daily during noon

• 4 rapid cycles at 
10 d interval



Optode biofouling

Avoid continuous daily surfacing during the day in warm areas! 
Risk of severe biofouling

• daily during noon

• daily during noon

• 4 rapid cycles at 
10 d interval

• 10 d during noon



Optode biofouling

Avoid continuous daily surfacing during the day in warm areas! 
Risk of severe biofouling

• daily during noon

• daily during noon

• 4 rapid cycles at 
10 d interval

• 10 d during noon

• 5 d interval



Improve RTQC: Proposal to add Surface Saturation test

Test Definition

Convert DOXY into DOXY saturation 

Mean in the first 10 meters (without levels with QC=4 at range test)

 If mean(DOXY_sat >= 150): QC = 4 for the whole profile  

 If triggered for 10 consecutive profiles: Put float on greylist with QC = 4

Evaluation
This test was run on the entire Coriolis DOXY fleet on the raw DOXY values (neglecting DOXY_QC)
29 Coriolis floats trigger the saturation test

Comparison with DM and inputs from greylist yields:
22 floats were already greylisted by operators with QC = 4 

(with a date prior the trigger => test tends to be conservative)
3 floats trigger the test but with DOXY_QC = 4 already set by the range test 

(the saturation test should be performed after the range test)
4 floats trigger the test intermittently: Expert feedback confirmed weird sensor behaviour and 

probably bad, uncorrectable data; or biofouling shortly before float death



DM methods for DOXY adjustment

Sources of reference data:

Direct in air 
measurements

• Most accurate reference
• Can remove bias and drift
• No reliance on gridded O2 fields
• SCOR WG 142 recommendation

• SBE63 optodes not capable of in air 
measurements

• Requires good DAC decoding (b-traj)
• Artefacts with bad O2-T-calibration

Surface O2 saturation 
climatology

• Possible with all sensors
• Can remove systematic bias 

(and drift) but less accurate
• Possible option for RT

• Reliance on match with gridded field

Winkler-calibrated CTD-O2

deployment profile 

• Possible with all sensors
• Can only remove initial bias
• May cover range of O2 / T

• Spatio-temporal match 
• Only one profile; bad statistics

Deep O2 concentration 
climatology / stable layer

• Complement to surface O2 • Requires stable deep layer
• Reliance on match with gridded field
• High uncertainty (esp. for surface O2)

Bittig et al. (2018), Johnson et al. (2017), Bushinsky et al. (2015), Johnson et al. (2015), Bittig and Körtzinger (2015), Takeshita et al. (2013), 
Tengberg et al. (2006)



DM methods for DOXY adjustment

Ways to adjust sensor data:

No matter where the reference data come from!

Optodes
(Aanderaa, SBE63, JAC, ...)

• gain factor on PPOX_DOXY
(+small zero offset if warranted; 
order 5 hPa max.)

• Follows sensing principle
• Reliance on O2-T-calibration 

(multipoint !)

Electrodes (SBE43) • gain factor and offset on DOXY • Follows sensing principle

Bittig et al. (2018)



DOXY adjustments: Math (Bullet-proof version)

Oxygen optodes sense the O2 partial pressure inside the sensing membrane. 
-> Correction must be done on PPOX_DOXY at inside membrane conditions!

apply a small zero offset only if warranted (batch calibrated optodes?)
order 5 hPa max.



DOXY adjustments: Error estimate

Oxygen optodes sense the O2 partial pressure inside the sensing membrane. 
-> Error should be expressed as PPOX_DOXY converted back to DOXY

QC manual recommendation: 

Error should be a constant PPOX_DOXY on 
entire profile, not a fraction of the value

(Work in progress: Complete error budget for DOXY)



DOXY adjustments: Error estimate, 2nd level

• Only one DM method: Following sensing principle

• Accuracy depends on reference data accuracy and character

Direct in air 
measurements

Surface O2 saturation 
climatology

Winkler-calibrated CTD-O2

deployment profile 

Deep O2 concentration 
climatology / stable layer

time

error
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Adjustment workflow
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Time response correction

• Requires expert knowledge / sensor understanding
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Time response correction

• Requires expert knowledge / sensor understanding

AADI 
4330

SBE63

Bittig and Körtzinger (2017) Technical note: 

Update on response times, in-air measure-

ments, ... Ocean Sci.



Determining Sensor Response-time in-situ

• Upon deployment, floats were 
programmed to profile 
continuously, recording data 
including timestamps on both up-
and down-casts.

• Optode response time is 
determined by performing the 
correction for a range of 𝜏 values 
on pairs of time-adjacent up- and 
down-casts.

• The value of 𝜏 that minimizes the 
mismatch (Root Mean Square 
Deviation, RMSD) between the 
two casts is taken to be the 
effective sensor response time.

by Chris Gordon, Dalhousie University



Determining Sensor Response-time in-situ

• Median values of effective response times are 
around 70 s with standard deviations up to 20 
s (see Table) 

• Large standard deviations in response times 
likely due to environmental factors rather than 
changes to the inherent sensor response time 
– this method determines the effective 
response time which is highly dependent on 
the flow at the sensor interface. 

• Results are on the low end or just outside the 
estimated range of response times for 
autonomous floats provided in Bittig and 
Körtzinger (2017) of 70-140 seconds, using 
boundary layer estimates based on float 
profiling velocity.

Float ID 𝜏 (s) 𝜎𝜏 (s)

f7939 76.5 8.5

f7940 69 15.5

f7941 67 16.9

f7942 64.5 14.9

f7943 75 16.5

f7944 76 13.9

f7945 73.5 13.3

f8081 68 16.0

f8082 73 18.8

f8083 66.5 20.4

Average 70.9 15.5

by Chris Gordon, Dalhousie University



Time response correction

• Requires expert knowledge / sensor understanding

• Currently a DM task



Time response prerequisite: Time!

1. Float does not transmit timestamps

Need to get creative (~ascent speed) -> Ken

2. Float transmits timestamps

(a) intermittently (-> traj), or 
(b) at all points (-> traj and profile “MTIME”)



Time response prerequisite: Time!

Very few floats with (optional) MTIME in profile

• Presently only filled by Coriolis (41 floats)

• Makes time response correction by an (expert) user very hard!!

Please check your BGC float decoders: Is there timing information 
that could / should be stored in “MTIME” ?
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The most plausible explanation would be an effect 

of turbulence on the foil of the optode

Tests in lab with 3 optodes (from D.Lefevre

M.I.O.):

Thermal conditions are stable (+/- 0.5°C) and the 

O2 forcing condition is maintained at +/- 0.1 µM.

The rotation of the blades at 120 rpm is obtained 

from the start

We can observed:

- The transition from 0 to 120 rpm and 120 to 0 

rpm results in a concentration change of 0.8 µM

with almost no thermal evolution

- ”Equilibrium" is found after about a hundred 

minutes

- There is symmetry in the optode response

Turbulent regime changes near the optode can 

therefore impact a large part of the DOXY profile

How to correct the bottom DOXY profiles ? How to 

qualify this part of the profile in a rigorous way 

(and not only visually) ? How could we reduce the 

deviation between up & downcasts ?


