Management and QC
orocedures of oxygen data in
the Argo data stream

V. Thierry



Cycle and profiles, files name

launch surface drift
0 dhar __/_if_/‘ /// ///*
descent to
_ rofile depth ~ ascent

1500 dbar| © profile
drift at parking depth

2000 dhar -.

shorter cycle than nominal
Cyicle cyicle 1 cycle 2

Data acquired during ascend or descent are stored in “profile” file exemple:

R5902269 001.nc PTS data for descending profiles
R5902269 001D.nc PTS data for descending profiles
BR5902269 001.nc BIO data for ascending profiles, including oxygen

Data acquired during drift at parking depth and at surface are stored in "trajectory” file
5902269 Rtraj.nc PTS data during drift
5902269 _BRtraj.nc BIO data during drift, including oxygen




Data format and data management
Parameters strored in the files

Final physical parameter: DOXY
Unit: umol/kg

InteIELnEdI!?te parameters (associated to different calibration equations /sensor described in the
cookboo

« TEMP_DOXY

« TEMP_VOLTAGE_DOXY
* VOLTAGE_DOXY

« FREQUENCY_DOXY

« COUNT_DOXY
 RPHASE_DOXY
 BPHASE_DOXY
 DPHASE_DOXY
 TPHASE_DOXY

« C1PHASE_DOXY, C2PHASE_DOXY
« MOLAR_DOXY

* PHASE_DELAY_DOXY
 MLPL_DOXY



Data format and data management
ARGO-02 processing manual

Define how to compute DOXY from raw data
recorded and transmitted by the sensor

First part details the scientific basis of the
oxygen measurements and computation,
describe the different sensors and associated
calibration equations
=>» in general copy/paste of the Oxygen Sensor manuals
=>» take also into account SCOR WG142 results

Second part is the practical part for the DAC.
No need to be an expert to read and use this
part. It provides the clear computational
method for each case and the way to fill meta
data and all required fields

Thierry V., H. Bittig, D. Gilbert, T. Kobayashi, K. Sato, C.

Schmid, 2018: Processing Argo OXYGEN data at the DAC
level, v2.3.1, http://dx.doi.org/10.13155/39795
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Data format and data management

ARGO-02 processing manual

Define how to compute DOXY from raw data
recorded and transmitted by the sensor

First part details the scientific basis of the
oxygen measurements and computation,
describe the different sensors and associated
calibration equations
=>» in general copy/paste of the Oxygen Sensor manuals
=>» take also into account SCOR WG142 results

Second part is the practical part for the DAC.
No need to be an expert to read and use this
part. It provides the clear computational
method for each case and the way to fill meta
data and all required fields

Thierry V., H. Bittig, D. Gilbert, T. Kobayashi, K. Sato, C.

Schmid, 2018: Processing Argo OXYGEN data at the DAC
level, v2.3.1, http://dx.doi.org/10.13155/39795

3.2 Aanderaa optodes

Optode Optode
3830 / 4330 3830 / 4330

Optode
3830 /4330
4330
only

ra
W PHASE _Pcorr W PHASE_Pcorr
L 3830
- only
¥  MOLAR_DOXY pO,
& 024, & 02, v
| AT — | AT W PPOX_DOXY

RTQC
Conversion to Conversion to

PPOX_DOXY PPOX_DOXY
PPOX_DOXY
0, Adjustment 0, Adjustment
of PPOX_DOXY of PPOX_DOXY
PPOX_DOXY_AD)

Conversion to Conversion to
DOXY_ADJUSTED DOXY_ADIUSTED

bmQc

PPOX_DOXY_ADJ

Conversion to
PPOX_DOXY

0, Adjustment DmMaQc
of PPOX_DOXY Adjustments

A

Conversion to
DOXY_ADJUSTED

Optode 3830  Case 201_201_301 Cases 201_202_20x
and 201_203_20x

Optode 4330  Case 202_201_301 Cases 202_204_30x
and 202_205_30x

No case specified yet.
Option for DMQC.

No case specified yet.
Option for DMQC.



Data format and data management
ARGO-02 processing manual

3.1 Seabird sensors

For the SBE43 IDO electrochenmcal sensor. there currently exists only one processing route (see
] §4.1.1). For the SBE63 optode with nmltiple processing paths, the recommended processing 1s
Define how to compute DOXY from raw data illustrated below.

recorded and transmitted by the sensor o “
First part details the scientific basis of the ! !
-~

oxygen measurements and computation, “
describe the different sensors and associated " " ¥
calibration equations brove oox o
=>» in general copy/paste of the Oxygen Sensor manuals N
=>» take also into account SCOR WG142 results E = n
Second part is the practical part for the DAC.
No need to be an expert to read and use this N
part. It provides the clear computational e .
method for each case and the way to fill meta
data and all required fields
Thierry V., H. Bittig, D. Gilbert, T. Kobayashi, K. Sato, C. e
Schmid, 2018: Processing Argo OXYGEN data at the DAC —
level, v2.3.1, http://dx.doi.org/10.13155/39795
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CASE SensorModelld InputParamld ComputationMethodld

210

101

SBE43_IDO

102

SBE43F_IDO

202 (7.2.12) | 202 (7.2.16)

204 (7.2.13) | 204 (7.2.17)

302(7.2.14) | 302 (7.2.18)

304 (7.2.15) | 304 (7.2.19)

202 (7.2.23)

203 (7.2.24)

204 (7.2.25)

205 (7.2.26)
302 (7.2.27)

305 (7.2.30)

103 | SBE63_OPTODE
501 | AANDERAA_OPT 301
ODE_3830 (7.2.11)
AANDERAA_OPT
ODE_4330
AANDERAA_OPT
ODE_4330F
301
202
(7.2.22)
301 | ARO_FT

LED_FLASHING COU
MLPL_DOXY |NT DOXY &

FREQUENCY_ | PHASE_DEL
AY_DOXY

307 (7.2.5)  |301(7.2.7)

308 (7.2.6)

309 (7.2.8)

202 (7.2.31)

203 (7.2.32)

204 (7.2.33)

205 (7.2.34)
302 (7.2.35)
303 (7.2.36)
304 (7.2.37)
305 (7.2.38)

401 (7.2.40)

Table 5: Configurations for the calculation of DOXY as function of the sensor model and input parameter. The recommended configurations are

highlighted in bold.



CASE SensorModelld InputParamld ComputationMethodld

O, response model (~Type of calibration sheet)

optical sensors
e}l‘*c'f_‘*al 28-term 28-term (old) Stern- | SVU Stern- | svU Ster. | SBE
o™ | internal 20-term polynomial | polynomial | Volmer Volmer Volmer Stern- JAC Stern-
calculation | polynomial +2 pomts + 2 points Volmer Volmer
adjustment adjustment
101 | SBE43 IDO 206 206
(7.2.1)
102 | SBE43F IDO 207 206
(7.2.2)
209 301 208 307
103 | SBE63_OPTODE (7.2.7) (7.2.5)
209 309 208_308
201_301 202 202 202 204
) I FRp—
= 201 _ _ (7.2.14) (7.2.15)
2 3830
E 203 202 203 204
= 203 302 203 304
5
201 301 204 202 204 203 204 204 204 205
(7.2.22) (72.23) (7.2.24) (7.2.25) (7.2.26)
AANDERAA_OPTODE_ 204 302 204_303 204_304 204_305
202 43}30 (7.227) (7.2.28) (7.2.29) (7.2.30)
205_202 205 203 205 204 205_205
AANDE%EE PTODE_ (7.2.31) (7.2.32) (7.2.33) (7.2.34)
205 302 205 303 205 304 205 305
(7.2.35) (7.2.36) (7.237) (7.2.38)
301 | ARO FT 210 401
(7.2.40)

Table 6: Configurations for the calculation of DOXY as function of the sensor model and O2 response model. The recommended configurations are

highlighted in bold.
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TI00]+D37ST; Ts2=In][296. 15 TEMPY [ 273. 15+ TEMP
Peom=1+{(Peoef* TEMP-+Pooaf3)™ L'md:g; DOKY=02rho, where rho is the

| density [kl | caboulated from CTD
PREDEPLOYMENT_CALTE. COBFFICIENT %ﬂd’l Aroef], Pooef? =AmerZ, Pooef3 =Frost% BU=A0 B1=A1 B2=52
B3=F53 Cll=C0} PhaseCosfll=PhaseCoel] PhaseCoefl = PhassCost,
PhaseCoef 2= Phaselne’?, PhaseCoefi= PhasaCos’™ ; cl=cll ..., c27=c27 mO=mi]
- m2F=m27 rl=nd), ., n27=n27 Conclioefd = ConcCoel), Concloefl=
o A = AL AL = AL A = A2 A3 = A7, B =44 A5 = A5 DO=D0
D=0, D2=02 D3=037

PRECEPLOYMENT_CALTE. COMMENT see TD269 Operating manual axygen optode 4330, 4835, 4631 see Processing Argo

_ OXYGEN dats at the DAC level, Version 2.2 (DOT: http:/jidw.dai.omg/10.13155/39755)

7.2.29 CASE 202 204 304
Semsor AANDERAA OPTODE_4330

Sensor gutput: uncahbrated phase in degree TPHASE DOXY

Calenlation: Stem-Volmer conversion of raw data to oxygen concentration on umol/L with
TEMP DOXY from the oxygen sensor + pressure and salinity compensation with TEMP, PEES and
PSAL from the CTD + unit conversion

Calculation input:

FRES, PSAL and TEMP, pressure, salinity and temperature from the CTD

TPHASE DOXY from the oxygen sensor

TEMP_DOXY, the temperature from the oxygen sensor

Poocpt, Proegs, Proeye, the pressure compensation coefficients (default P,..=0.1, P...e=0.00022,

Peoes=0.0419)

s B0, Bl, B2, B3 and C0 the salinity compensation coefficient (default B0 = -6.24523e-3; Bl =-
7.37614e-3; BISFII0ES: B3 = -8.17083e-3; C0 = 4.88682e-7)

* D DI, D2 and D3 the pH20 computation coefficient (default D) = 24.4543, D1 = -67.4509,
D2 =—4.8489 D3 =-5.44e4)

* rho, the potential density of water [kg/L] at zero pressure and at the potential temperature
computed from PRES, TEMP and PSAL (from CTD) (UNESCQ, 1983 [FD3] and Millero,
1981 [RD11])

*  PhaseCoefy, PhaseCoef, PhaseCoef:and PhaseCoef: coefficients provided in the optode

calibration certificate. If they are not, then uses PhaseCoefl=0, PhaseCogfI=I,

PhaseCoef2=0, PhaseCoef3=0 (see §92.2.3 in ANNEX A foran e le).

ci coefficients provided in the optode calibration certificate (see §9.2.2.3 m ANNEX A for an
example)

Calculation oufput:
+ DOXY in umolkg
Equations:
Phase_Pcorr = TPHASE_DOXY + Proepy X PRES/1000

CalPhase = PhaseCoef, + PhaseCoef, % Phase_Pcorr + PhaseCoefs % Phase_Pcorr®
+ PhaseCoefy % Phase_Pcorr®

MOLAR_DOXY = [((cz + ¢4 X TEMP_DOXY)/(cs + ¢ X CalPhase)) — 1]/Ksy

Argo data management Argo OXNYGEN data processing

Key = g+ €1 X TEMP_DOXY + c» x TEMP_DOXY*
02psarsrres = MOLAR_DOXY % [Scorr] % [Frorr]

_ ((pj.q.:.)x(sn+51..r,+a‘z.r,’ +BAT |+ Cyx(PSAL? )}
Scarr = A(TEMP, PSAL, Spreset) % &

1013.25 — pH2O(TEMP, Sprese)
1013.25 — pH-O(TEMP, P5AL)

A(TEMP, PSAL, Spreset) =

100

EMP+273.15
pH,O(TEMP, 5] = 1013.25 x g+ * romERzrETs P in( oy )

[+, %5)

(Pooefz X TEMP + Progfa) % PRES
Foprr=1+ 1000

T: = In((298.15 — TEMP)/(273.15 + TEMP))

DOXY[umol/kgl = 02psarspnes/Tho

Float sensor information

Name Value

SENSOR OPTODE_DOiY

SEMSOR. MAKER AANDERAA

SENSOR. MODEL AMNDERAA OPFTODE 4330
SENSOR SERIAL MO Sancar sanial number

Float parameter information

Name Value

PARAMETER TPHASE DOMY

PARAMETER_SENSDR. OPTODE_DOiY

PARAMETER_UNITS degree

PARAMETER_ACCLRACY n

PARAMETER. RESOLUTION 77

Float calibration information

Name Value

CALIB EQUATION | none

PREDEPLOYMENT _CALTE COBFFICIENT | none

PRECEPLOYMENT_CALTE._COMMENT Phase measurement with blue excitation light see TO263 Operating manual acygen
opinde 4330, 4835, 4831

Float parameter information

PhaseCoef0+PhasaCoef1 *Phase PmlT“lﬂlaseG:dZ‘H‘lase Prom™ 2+Phas
eCoef3*Phase_Poom™ 3; MOLAR_DOXY=[{{c3+c4*TEMP_DOXY)/(c5+05* CalPhase))-
1]/KSV; KSV=cl+cl *TEMP_DOXY+c2*TEMP_DOXY~2;

02=MOLAR_DOXY™*Scon™Prom;
Scom=A* exp[PSALH{BO+B1 *Ts+B2* T~ 2 +B3* Ts* 3+ C0*PSAL 2] A=[(1013.35-

Argo data management Argo OXYGEN data proceszing



Real-time QC tests
What is already existing

Automatic tests done on real time data to assess QC flag to
DOXY ol
QC flag =0 : no QC performed
QC flag =1 : good data %
QC flag = 2 : probably good data £ ]
QC flag = 3 : probably bad data
QC flag = 4 : bad data P HE N S S U S Y S
o (mumaihe
Agreement of real-time QC tests for O2 data in 2012 o R L
* Global range test + Spike test + Gradient test + Stuck value
test

* Clear efficiency of the tests at that time

Need to improve those tests to better reflect the data quality
(on going work)

* Known bias (QC=37)

* Need to detect sensor drift or failure

1 Il Il Il 1
100 0 100 200 300 400 500 600
DOXY (mumol/kg)




Adjustment

e Raw data= real-time data

* DOXY: Raw 02 value computed from intermediate parameters recorded by
sensor and computed from calibration equation and coefficient

 DOXY_QC: QC flags assessed by RT QC tests

* Adjusted data

 DOXY_ADJUSTED: 02 value that went through an adjustment process. The
data are corrected (or not) of any sensor bias or drift

» DOXY_ADJUSTED_QC

e Adjustment in real-time (parameter data mode="A’) based on automatic
procedure, adjusted data available in real-time (B5902269 001.nc)

* Adjustment in delayed mode (parameter data mode="D’) done by a delayed
mode operator, adjusted data available with some delay. Best data based on
current knowledge (BD5902269 001.nc)



QC procedures described in two cookbooks

Argo data management

DOI: http:i/dx.doi.org/10. 13155/40879

Argo data management
DOI: http:i/dx. doi.org/10.13155/46542
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Delayed mode adjustment

* Based on reference data : WOA, ship-based calibrated profile, in air
measurements

* Methods described in Takeshita et al. (2013), Johnson et al. (2015),
Bittig et al. (2018), etc..

* Existing tool
e Sage-02 (US)
 LOCODOX (France)
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LOCODOX
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6901602

Pres (dbar)
H

[02] (umol/kg)
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LOCODOX

PSAT REF

PSAT (%)

110
all: y ~ a*x => a=1.020, b=0.000, R??=0.987
grad<0.2: y ~ a™x => a=1.020, b=0.000, R?7=0.988
105 ) -
100 B
95 - o
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80
80 85 90 95 100 105
PSAT from float
110

100 %\* /
95 - \ \/\f .’r\ g {
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90 L L

100 150 200 250 300
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6901602 - Correction applied on PSAT
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105
aX+b<0.2, avg+-2.8 std => :
a=1.020, b=0.000, R??=0.994
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LOCODOX

AW DATA
O . 6901602 -

3500 dbar
260 280 umol/kg 260 280 umol/kg



Real-time adjustment

* Need to be implemented

e Based on last estimate of DM adjustment
* This will be tested for and discussed at the next ADMT meeting

* Based on in air measurement
* Still need to work on that, in particular the correction in the deep layers

e Based on WOA

* Not very satisfactory



