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1. Introduction
This document isthe Argo qudity control user’s manud.
The Argo data system has three levels of qudity control.

The firg levd is the red-time system that performs a set of agreed checks on dl
float measurements. Red-time data with assgned qudity flags are avalable to
users within the 24-48 hrs timeframe.

The second leve of quality contral is the delayed-mode system.

The third levd of qudity control is regiona scientific andyses of dl floa data
with other available data The procedures for regiona andyses are dill to be
determined.

This document contains the description of the Argo red-time and delayed-mode
procedures.
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2. Real-time quality controls

2.1. Argo Real-time Quality Control Test Procedures on vertical profiles

2.1.1. Introduction

Because of the requirement for delivering data to users within 24 hours of the float
reaching the surface, the quaity control procedures on the red-time data are limited and
automatic. The test limits are briefly described here. More detail on the tests can be found
in |OC Manuas and Guides #22 or at

http://www.meds -sdmm.dfo-mpo.gc.ca/ALPHAPRO/qtspp/gcmans/MG22/quide22 _e.htm

Note that some of the tet limits used here and the reaulting flags are different from
what is described in |OC Manuas and Guides #22.

If data from a float fail these tests, those data will not be distributed on the GTS.
However, dl of the data, including those having faled the tests, should be converted to
the gppropriate netCDF format and forwarded to the Globa Argo Servers.

Presently, the TESAC code form is used to send the float data on the GTS (see
http:/Amww.meds- sdmm.dfo- mpo.ge.calmeds/Prog Int/J COMM/JFCOMM _e.htm). This
code form only handles profile data and reports observations as a function of depth not
pressure. It is recommended that the UNESCO routines be used to convert pressure to
depth (Algorithms for computation of fundamental properties of seaweter, N.P. Fofonoff
and R.C. Millard J., UNESCO Technicd Papers in Marine Science #44, 1983). If the
position of a profile is deemed wrong, or the date is deemed wrong, or the platform
identification is in eror then none of the data should be sent on the GTS. For other
falures, only the offending vaues need be removed from the TESAC message. The
appropriate actions to take are noted with each test.

Argo data management quality control manual 30/11/2004
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2.1.2. Quality control tests

1. Platform identification

Every centre handling float data and posting them to the GTS will need to prepae a
metadata file for each float and in this is the WMO number that corresponds to each float
ptt. There is no reason why, except because of a mistake, an unknown float ID should
appear onthe GTS.

Action: If the correspondence between the float ptt cannot be matched to the correct
WMO number, none of the data from the profile should be distributed on the GTS.

2. Impossible date test
The test requires that the observation date and time from the float be sensble,
Y ear greater than 1997
Month in range 1 to 12
Day in range expected for month
Hour in range 0 to 23
Minutein range 0 to 59

Action: If any one of the conditions is failed, the date should be flagged as bad data and
none of the data from the profile should be digtributed on the GTS.

3. Impossible location test
The test requires that the observation latitude and longitude from the float be sensible.

Action: If ether latitude or longitude fals, the postion should be flagged as bad data and
none of the data from the float should go out onthe GTS.

Latitude in range -90 to 90
Longitude in range -180 to 180

4. Position on land test

The test requires that the observation latitude and longitude from the float be located in
an ocean.

Use can be made of any file that dlows an automatic test to see if data are located on
land. We suggest use of a least the 5-minute bathymetry file that is generdly avalable.
This is commonly cadled ETOPO5 / TeranBase and can be downloaded from
http:/Aww.ngdc.noaa.gov/mgg/global/globa .html.

Action: If the data cannot be located in an ocean, the position should be flagged as bad
data and they should not be distributed on the GTS.
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5. Impossible speed test

Drift gpeeds for floats can be generated given the postions and times of the floats when
they are a the surface and between profiles. In al cases we would not expect the drift
gpeed to exceed 3 m/s. If it does, it means ether a podtion or time is bad data, or a float
is midabeled. Usng the multiple postions that are normdly avalable for a float while a
the surface, it is often possible to isolate the one posgition or time that isin error.

Action: If an acceptable podtion and time can be used from the avalable suite, then the
data can be sent to the GTS. Otherwise, flag the podtion, the time, or both as bad data
and no data should be sent.

6. Global range test

This test gpplies a gross filter on observed vaues for temperature and sdinity. It needs to
accommodeate all of the expected extremes encountered in the oceans.

Temperature in range -2.5 t0 40.0 degrees C
Sdinity in range 0.0 to 41.0 PSU

Action: If a vdue fals, it should be flagged as bad data and only that vaue need be
removed from digribution on the GTS. If temperaure and <dinity vaues a the same
depth both fail, both vaues should be flagged as bad data and values for depth,
temperature and <dinity should be removed from the TESAC being didributed on the
GTS.

7. Regional range test

This tes goplies to only certain regions of the world where conditions can be further
qudified. In this case, specific ranges for observations from the Mediterranean and Red
Sess further restrict what are consdered sensible vaues. The Red Sea is defined by the
region 10N,40E; 20N,50E; 30N,30E; 10N,40E and the Mediterranean Sea by the region
30N,6W; 30N,40E; 40N,35E; 42N,20E; 50N,15E; 40N,5E; 30N,6W.

Action: Individua vaues that fal these ranges should be flagged as bad data and
removed from the TESAC being digtributed on the GTS. If both temperature and sdinity
vaues a the same depth both fail, then vaues for depth, temperature and sdinity should
be removed from the TESAC being distributed on the GTS.

Red Sea
Temperature in range 21.7 to 40.0
Sdinity inrange 0.0 to 41.0
Mediterranean Sea
Temperature in range 10.0 to 40
Sdinity inrange 0.0 to 40.0

8. Pressureincreasing test

This test requires that the profile has pressures that are monotonicaly increasing
(assuming the pressures are ordered from smallest to largest).

Argo data management quality control manual 30/11/2004
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Action: If there is a region of congant pressure, dl but the firs of a consecutive set of
congtant pressures should be flagged as bad data. If there is a region where pressure
reverses, dl of the pressures in the reversed part of the profile should be flagged as bad
daa. All pressures flagged as bad data and al of the associated temperatures and
sdinities are removed from the TESAC distributed on the GTS.

9. Spike test

Difference between sequentid measurements, where one measurement is quite different
than adjacent ones, is a spike in both sze and gradient. The test does not congder the
differences in depth, but assumes a sampling that adequately reproduces the temperature
and sinity changes with depth. The dgorithm is used on both the temperature and
inity profiles

Testvaue=|V2- (V3+V1)/2|-|(V3-V] /2]

where V2 is the measurement being tested as a spike, and V1 and V3 are the vaues
above and below.

Temperature: The V2 vaueis flagged when

the test value exceeds 6.0 degree C. for pressures less than 500 db or

the test value exceeds 2.0 degree C. for pressures greater than or equal to 500 db
Sinity: The V2 vdueis flagged when

the test value exceeds 0.9 PSU for pressures less than 500 db or

the test value exceeds 0.3 PSU for pressures greater than or equa to 500 db

Action: Vdues that fal the spike test should be flagged as bad data and are removed
from the TESAC didributed on the GTS. If temperaure and sdinity values a the same
depth both fail, they should be flagged as bad data and the vaues for depth, temperature
and sdinity should be removed from the TESAC being digtributed on the GTS.

10. Top and bottom spiketest: obsolete

11. Gradient test

This test is faled when the difference between verticaly adjacent measurements is too
seep. The test does not consider the differences in depth, but assumes a sampling that
adequately reproduces the temperature and sdinity changes with depth. The dgorithm is
used on both the temperature and sdinity profiles.

Testvaue=|V2- (V3+V1)/2|

where V2 is the measurement being tested as a spike, and V1 and V3 are the vaues
above and below.

Temperature: The V2 vaueis flagged when
the test value exceeds 9.0 degree C. for pressures less than 500 db or
the test value exceeds 3.0 degree C. for pressures greater than or equal to 500 db

Argo data management quality control manual 30/11/2004
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Hinity : the V2 vdueis flagged when
the test value exceeds 1.5 PSU for pressures less than 500 db or
the test value exceeds 0.5 PSU for pressures greater than or equa to 500 db

Action: Vaues that fal the test (i.e. vdue V2) should be flagged as bad data and are
removed from the TESAC didributed on the GTS. If temperaiure and sdinity vaues at
the same depth both fail, both should be flagged as bad data and then vaues for depth,
temperature and <dinity should be removed from the TESAC being distributed on the
GTS.

12. Digit rollover test

Only s0 many hits are dlowed to dore temperature and dinity vaues in a profiling
float. This range is not dways lage enough to accommodate conditions that are
encountered in the ocean. When the range is exceeded, stored vaues rollover to the lower
end of the range. This rollover should be detected and compensated for when profiles are
condructed from the data stream from the float. This test is used to be sure the rollover
was properly detected.

Temperature difference between adjacent depths > 10 degrees C
Sdlinity difference between adjacent depths > 5 PSU

Action: Vdues that fall the test should be flagged as bad data and are removed from the
TESAC didributed on the GTS. If temperature and sdinity vaues a the sme depth both
fail, both values should be flagged as bad data and then vaues for depth, temperature and
sdinity should be removed from the TESAC digributed on the GTS.

13. Stuck valuetest

Thistest looks for al measurements of temperature or sdinity in aprofile being identical.

Action: If this occurs, dl of the vaues of the affected variaddle should be flagged as bad
data and ae removed from the TESAC digributed on the GTS. If temperature and
sinity are affected, al observed vaues are flagged as bad data and no report from this
float should be sent to the GTS.

14. Density inversion

This test uses vaues for temperature and sdinity at the same pressure level and computes
the densty. The agorithm published in UNESCO Technicd Papers in Marine Science
#44, 1983 (referred to earlier) should be used. Dendties are compared a consecutive
levesin aprofile

Action: If the dendgty cdculated a the greater pressure is less than that cdculated a the
lesser pressure, both the temperature and sdinity vaues should be flagged as bad data
Consequently, the vaues for depth, temperature and sdinity at this pressure level should
be removed from the TESAC digtributed on the GTS.

Argo data management quality control manual 30/11/2004
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15. Grey list

This test is implemented to siop the red-time disssmination of measurements from a
sensor that is not working correctly.

The grey lig contains the following 7 items
Float Id
Parameter : name of the grey listed parameter

Start date : from that date, al measurements for this parameter are flagged as bad
and probably bad

End date : from that date, measurements are not flagged as bad or probably bad
Flag : vaue of the flag to be applied to dl measurements of the parameter
Comment : comment from the Pl on the problem
DAC : data assembly center for thisfloat

Each DAC manages a black list, sent to the GDACs.

The merged black-list is avalable from the GDACs.

The decison to insert afloat parameter in the grey list comes from the PI.

Example:
Float Id Parameter ' Start date End date Flag Comment Dac
1900206 PSAL 20030925 3 IF

Grey ligt format : ascii csv (comma separated vaues)

Naming convention : xxx_greylist.csv
xxx : DAC name (ex : aoml_greylig.csv, coriolis greyligt.csv, jma greylis.csv)

PLATFORM,PARAMETER,START_DATE,END_DATE,QC,COMMENT,DAC
4900228, TEMP,20030909,,3,,A0
1900206,PSAL,20030925,,3,,IF

16. Gross salinity or temperature sensor drift
Thistest isimplemented to detect a sudden and important sensor drift.

It caculates the average sdinity on the last 100 dbar on a profile and the previous good
profile. Only measurements with good QC are used.

Action: if the difference between the 2 average vaues is more than 0.5 psu then Al
measurements for this parameter are flagged as probably bad data (flag ‘ 3').

The same test is goplied for temperature: if the difference between the 2 average vaues is
more than 1 degree C then dl measurements for this parameter are flagged as probably
bad data (flag *3').

17. Visual QC

Subjective visud ingpection of float values by an operator.
To avoid delays, thistest is not mandatory before real-time digtribution.

Argo data management quality control manual 30/11/2004
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18. Frozen profiletest

This test can detect a float that reproduces the same profile (with very smal deviations)
over and over again.

Typicdly the differences between 2 profiles are of the order of 0.001 for sdinity and of
the order of 0.01 for temperature.

A. Deive temperature and sdinity profiles by averaging the originad profiles to get mean
vaues for each profile in 50dbar dabs (Tprof, T previous prof and Sprof,
S previous prof). This is necessary, because the floats do not sample a the same leve
for each profile.

B. Subdract the two resulting profiles for temperature and sdinity to get absolute
difference profiles

deltaT=abs(Tprof-T_previous_prof)

deltaS=abs(Sprof-S previous prof)
C. Derive the maximum, minimum and mean of the absolute differences for temperature
and linity:

mean(detaT), max(ddtar), min(deltaT)

mean(ddtaS), max(ddtaS), min(ddtaS)
D. Tofail the tes, require that:

max(deltal) < 0.3

min(deltar) < 0.001

mean(deltal) < 0.02

max(ddtaS) < 0.3

min(ddtaS) < 0.001

mean(ddtaS) < 0.004

Action: if the profile fails the tedt, dl measurements for this parameter are flagged as bad
data (flag ‘4'). If the float fails the test on 5 consecutive cycles, it is inserted in the grey-
list.

19. Deepest pressuretest

This test requires that the profile has pressures that ae not higher than
DEEPEST PRESSURE plus 5% 10% 100 dbar (to be defined).

DEEPEST PRESSURE vaue comes from the meta-data file of the flot.

Action: If there is a region of incorrect pressures, al pressures and corresponding
measurements should be flagged as bad data (flag ‘4’). All pressures flagged as bad data
and al of the asociated temperatures and sdinities are removed from the TESAC
digtributed on the GTS.

Argo data management quality control manual 30/11/2004
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The Argo red time QC tests are gpplied in the order described in the following table.

|[Orderftest number “test name

1 19|Deepest pressure test
2 1|Platform Identification
3 2/lmpossible Date Test
4 3limpossible Location Test
5 4iPosition on Land Test
6 5/Impossible Speed Test
7| 6/Global Range Test
8 7|[Regional Range Test
9 8|Pressure Increasing Test
10 9/Spike Test
11 10/Top and Bottom Spike Test : removed
12 11|Gradient Test
13 12|Digit Rollover Test
14 13|Stuck Value Test
15 14|Density Inversion
16 15Grey List
17 16|Gross salinity or temperature sensor drift
18 18Frozen profile
19 17|Visual QC

The QC flag vdue assgned by a test cannot override a higher vaue from a previous
test. Example: a QC flag ‘4’ (bad data) set by Test 11 (gradient test) cannot be decreased

to QC flag ‘3’ (bad data that are potentialy correctable) set by Test 15 (grey list).

Argo data management

quality control manual
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2.2. Argo Real-time Quality Control Test Procedures on trajectories

The following tests are gpplied in red-time on trgectory data.

1. Platform identification

Every centre handling float data and posting them to the GTS will need to prepare a
metadata file for each float and in this is the WMO number that corresponds to each float
ptt. There is no reason why, except because of a mistake, an unknown float 1D should
appear onthe GTS.

Action: If the correspondence between the float ptt cannot be matched to the correct
WMO number, none of the data from the profile should be digtributed on the GTS.

2. Impossible date test
The test requires that the observation date and time from the float be sensible.
Y ear greater than 1997
Month inrange 1 to 12
Day in range expected for month
Hour inrange 0 to 23
Minutein range 0 to 59

Action: If any one of the conditions is faled, the dite should be flagged as bad data and
none of the data from the profile should be distributed on the GTS.

3. Impossible location test
The test requires that the observation latitude and longitude from the float be sensble.

Action: If ether latitude or bngitude fails, the position should be flagged as bad data and
none of the data from the float should go out on the GTS.

Latitude in range -90 to 90
Longitude in range -180 to 180

4. Position on land test

The test requires that the observation latitude and longitude from the float be located in
an ocean.

Use can be made of any file that alows an automatic test to see if data are located on
land. We suggest use of at least the 5-minute bathymetry file thet is generdly available.
Thisis commonly cadled ETOPOS / TerrainBase and can be downloaded from
http:/Aww.ngdc.noaa.gov/mgg/global/globd .html

Action: If the data cannot be located in an ocean, the postion should be flagged as bad
data and they should not be distributed on the GTS.

Argo data management quality control manual 30/11/2004
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5. Impossible speed test

Drift gpeeds for floats can be generated given the postions and times of the floats when
they are a the surface and between profiles. In al cases we would not expect the drift
speed to exceed 3 mi/s. If it does, it means either a podtion or time is bad data, or a float
is midabeled. Usng the multiple postions that are normdly avalable for a float while a
the surface, it is often possible to isolate the one postion or time that isin error.

Action: If an acceptable podtion and time can be used from the avalable suite, then the
data can be sent to the GTS. Othewise, flag the podtion, the time, or both as bad data
and no data should be sent.

6. Global range test

This test gpplies a gross filter on observed vaues for temperature and sdinity. It needs to
accommodeate all of the expected extremes encountered in the oceans.

Temperature in range -2.5 t0 40.0 degrees C
Sdinity in range 0.0 to 41.0 PSU

Action: If a vaue fals, it shoud be flagged as bad data and only that vaue need be
removed from digribution on the GTS. If temperaure and <dinity vaues a the same
depth both fail, both values should be flagged as bad data and vaues for depth,
temperature and sdinity should be removed from the TESAC being digtributed on the
GTS.

7. Regional range test

This tes goplies to only certtain regions of the world where conditions can be further
qudified. In this case, specific ranges for observations from the Mediterranean and Red
Seas further redtrict what are consdered sensble values. The Red Sea is defined by the
region 10N,40E; 20N,50E; 30N,30E; 10N,40E and the Mediterranean Sea by the region
30N,6W; 30N,40E; 40N,35E; 42N,20E; 50N,15E; 40N,5E; 30N,6W.

Action: Individud vaues that fal these ranges should be flagged as bad daa and
removed from the TESAC being digtributed on the GTS. If both temperature and sdinity
vaues a the same depth both fail, then vaues for depth, temperature and sdinity should
be removed from the TESAC being distributed on the GTS.

Red Sea
Temperature in range 21.7 to 40.0
Sdinity inrange 0.0 to 41.0
Mediterranean Sea
Temperature in range 10.0 to 40
Sdinity inrange 0.0 to 40.0

Argo data management quality control manual 30/11/2004
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2.3. Argo Real-time Salinity Adjustment on vertical profiles

When delayed-mode <dinity adjustment (see Section 3.3) becomes avalable for a
float, red-time data assembly centres will extract the adjusment from the latest D*.nc
file as an additive congant, and apply it to new sdinity profiles. (If a better correction is
avalable in red-time, DACs can use that ingead.) In this manner, intermediate-quality
dinity profileswill be available to usersin red-time.

The vaues of this red-time adjustment will be recorded in PSAL_ADJUSTED.
PSAL_ADJUSTED_QC will befilled with the same values as PSAL_QC.

PSAL_ADJUSTED_ERROR and al parameters in the SCIENTIFIC CALIBRATION
section of the netCDF files will befilled with FillVaue.

A HISTORY record will be appended to the HISTORY section indicating that red-
time sdinity adjusment has been made.

DATA_MODE will record *A’.

When avaladle, red-time adjusted vaues are didributed to the GTS, ingead of the
origina vaues

Argo data management quality control manual 30/11/2004
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3. Delayed-mode quality controls

3.1. Delayed-mode procedures for pressure

Delayed-mode qc for PRES is done by subjective assessment of verticad profile plots
of TEMP vs. PRES, and PSAL vs. PRES. This assessment should be done in relation to
measurements from the same float, as wdl as in reation to nearby floats and higtoricd
data The assessment should am to identify: (a) erroneous data points that cannot be
detected by the red-time gc tests, and (b) vertica profiles that have the wrong shape.

Bad data points identified by visud ingpection from ddayed-mode andysts are
recorded with PRES ADJUSTED QC = ‘4. For these bad data points,
TEMP_ADJUSTED_QC and PSAL_ADJUSTED_QC should also be set to ‘4’. Please
note that whenever PARAM_ADJUSTED_QC =4,

PARAM_ADJUSTED = FllVdue;
PARAM_ADJUSTED_ERROR = FillVdue,

Some floa groups that have extra information on surface pressure can perform
delayed-mode adjustments for PRES, by comparing measured surface pressure and 0.0
dbar. The results are recorded in PRES ADJUSTED, PRES ADJUSTED ERROR, and
PRES ADJUSTED QC. Please note that there is no need to recompute PSAL when
PRES is adjusted in delayed-mode. Any <dinity offsst that may result from PRES
adjustments can be reflected in PSAL_ADJUSTED.

For APEX floats, use next cycle “SURFACE PRESSURE” to adjust PRES if there is
evidence that the vaues reported in “SURFACE PRESSURE’ represent Sgnificant
sensor-related drift or offset.

PRES ADJUSTED, PRES ADJUSTED_ERROR, PRES ADJUSTED_QC should be
filled even when no adjusment is made. In these cases, PRES ADJUSTED ERROR can
be the manufacturer’ s caibration uncertainty, or uncertainty provided by the PI.

Please use the CALIB section in the netCDF files to record the source of the error
edimates and any other scientific cdibration comments (eg. surface PRES is
automatically reset to zero).

3.2. Delayed-mode procedures for temperature

Ddayed-mode qc for TEMP is done by subjective assessment of vertical profile plots
of TEMP vs. PRES, and PSAL vs. TEMP. This assessment should be done in reation to
measurements from the same floa, as well as in rdation to nearby floats and historica
data. The assessment should am to identify: (8) erroneous data points that cannot be
detected by the redl-time gc tests, and (b) verticd profiles that have the wrong shape.

Bad data points identified by visud ingpection from dedayed-mode andysts are
recorded with TEMP ADJUSTED QC = ‘4. Pease note tha whenever
PARAM_ADJUSTED QC='4,

PARAM_ADJUSTED = FillVdue;
PARAM_ADJUSTED_ERROR = FillVdue,

Argo data management quality control manual 30/11/2004
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TEMP_ADJMJUSTED, TEMP ADJUSTED ERROR, TEMP ADJUSTED QC should
be filled even when no adjustment is made. In these cases, TEMP_ADJUSTED_ERROR
can be the manufacturer’ s quoted accuracy a deployment of float.

Please use the CALIB section in the netCDF files to record the source of the error
estimates and any other scientific calibration comments.

3.3. Delayed-mode procedures for salinity

3.3.1. Introduction

Delayed-mode qc for PSAL described in this section are specificaly for checking
sensor drifts and offsets. Andysts should be aware that there are other instrument errors,
and should atempt to identify and adjust them in delayed-mode. If a measurement has
been adjusted for more than one instrument error, andysts should attempt to propagate
the uncertainties from al the adjustments.

The free-moving nature of profiling floats means that mog float sdinity measurements
are without accompanying in-dtu “ground truth” vaues for absolute cdibration (such as
those afforded by shipboard CTD measurements). Therefore Argo delayed-mode
procedures for checking sensor drifts and offsets in sdinity rely on reference datasets and
datigicd methods. However, snce the ocean has inherent spatid and tempord
vaidbilities, these drift and offset adjustments are subject to datisticd uncertainties.
Users therefore should include the supplied error estimates in their usage of Argo
delayed-mode salinity data.

Two methods are available for detecting sensor drifts and offsets in float sdinity, and
for caculating adjustment estimates and related uncertainties:

1. Wong, Johnson, Owens (2003) edtimates background sdinity on a set of fixed
sandard isotherms, then cdculates drifts and offsats by time-varying weghted least
suares fits between verticaly-interpolated float sdinity and estimated background
sdinity. This method suits float data from open tropica and subtropica oceans. For the
related software, please contact Annie Wong at awong@ocean.washington.edu.

2. Boehme and Send (2005) tekes into account planetary vorticity in its estimates of
background <dinity, and chooses a set of desrable isotherms for cdculations. This
method suits float data from oceans with high spatid and tempord variabilities, where
water mass didribution is affected by topographic bariers, and where multiple water
mases exist on the same isotherm. For the related software, please contact Lars Boehme
at 1b284@st-andrews.ac.uk.

Both methods require an adequate reference database and an appropriate choice of
spatid and tempord scales, as well as input of good/adjusted float pressure, temperature,
pogtion, and date of sampling. Therefore andysts should firs check the reference
database for adequacy and determine a set of appropriate spatid and temporal scales
before usng these methods. Operators should dso ensure that other float measurements
(PRES, TEMP, LATITUTDE, LONGITUDE, JULD) are accurate or adjusted before
they deal with float sdinity. See Secions 3.1 and 3.2 for delayed-mode procedures for
PRES and TEMP.
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3.3.2. Quality control and the semi-automatic part

The redl-time qc procedures (described in Section 2) issue a st of gc flags that warns
users of the qudity of the float sdinity. These are found in the variable PSAL_QC. Hoat
sinity with PSAL_QC = ‘4 are bad data that are in generd unadjustable. However,
delayed-mode operators can evduate the quaity and adjustability of these bad data if
they have a reason to do s0. Please refer to Section 4.1 for definitions of the Argo qc
flagsin red-time,

In delayed-mode, float sdinity that have PSAL_QC = ‘1, ‘2 or ‘3 ae further
examined. Anomdies in the rdaive verticd sdinity profile, such as measurement spikes
and outliers that are not detected in red-time, are identified. Of these anomdies, those
that will skew the leest squares fit in the computation for drift and offset adjustments are
excluded from the float series for evduation of drifts and offsets. These measurements
are consdered unadjustable in delayed-mode.

Hoa sdinity that are consdered adjustable in ddayed-mode are assembled into time
series, or float series Sufficiently long float series are compared with datitical
recommendations and associated uncertainties to check for sensor drifts and offsets.
These datigticad recommendations and associated uncertainties are obtained by the
accepted methods listed in Section 3.3.1, in conjunction with gppropriate reference
datasets. These methods are semi-automeatic and have quantified uncertainties.

Drifts and offsets can be identified in the trend of DS over time, where DS is the
difference in sdinity between float series and datistical recommendetions. If ?S = a + bt
where t is time, then a is the offset and b is the drift. Note that these drifts and offsets can
be sensor-related, or they can be due to real ocean events. Pl evduation is needed to
distinguish between sensor errors and real ocean events.

OFFSET DRIFT

A5 A5

fime tirme

3.3.3. Splitting the float series and length of calibration window

If a float exhibits changing behaviour during its lifetime, the float series should be
it into separate segments according to the different behaviours, so that one float series
segment does not contaminate the other during the least squares fit process (eg. the
dowly-fouling segment does not contaminate the stable segment).
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The following is a sep-by-gep guide on how to ded with float series with changing
behaviours.

1). Identify different regimesin the float series. These can be:
»  Stable measurements (no sensor drift), including constant offsets.
*  Sensor drift with a congtant drift rate.
» Trangtion phase where drift rate changes rapidly eg. (a) ‘ebow region’
between stable measurements and congtant drift; (b) initid biocide washoff.
* Spikes.

2). Split the float series into discrete segments according to these different regimes or
when there are too many missng cycles. Hereis an example.

A ?S
Constant offset
Discontinuity (no
transition phase)
v
Sensor drift with a
constant drift rate W
Transition phase /
l Spike
Stable

time

3). Choose length of diding calibration window for each segment. These can be:

* Long window (+/- 6 months or greater) for the dable regime, or highly varigble
regimes where a long window is required to average over oceanographic variability to
detect dow sensor drift, or period of congtant drift rate.

»  Short window (can be as short as +/- 10 days) for the transition phase.
» Zerolength window for spikes. Thet is, adjust Single profile.

4). Sdect temperature levels for excluson from least squares fit (eg. seasona mixed
layer, highly variable water masses).
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5). Cdculate proposed adjusment for each segment. The assembled proposed
adjugments for the entire float series should be continuous and piecewise-linear within
eror bars, except where the delayed-mode operator beieves there is a genuine
discontinuity.

In generd, the delayed-mode operator should am to use as long a cdibration window
as possble, because a long cdibration window (where the least squares fit is caculated
over may cydes) will average over oceanographic noise and thus give a dable
cdibration. Hence splitting the float series into short segments is to be avoided (short
segments mean short calibration windows, hence unstable cdibrations).

3.3.4. The Pl evaluation part

The Pl (here, Pl means Principal Investigator, or respongble persons assigned by the
Pl) should firsg check that the datisticAd recommendations are gpproprigie. This is
because the semi-automatic methods cannot distinguish ocean features such as eddies,
fronts, and water mass boundaries. Near such ocean features, semi-autometic Setistical
methods are likely to produce erroneous estimations. The associated uncertainties reflect
the degree of loca variability as wel as the sparsty of reference data used in the
datistical estimations. However, these associated uncertainties are sendtive to the choice
of scales. Hence the Pl aso needs to determine that the associated uncertainties are
redidic.

The PI then determines whether the proposed datistica adjustment is due to sensor
mafunction or ocean variability. Care should be taken to not confuse red ocean events
with sensor drifts and offsets. This is done by inspecting as long a float series as possible,
and by evduating dl avalable independent information. Some of the diagnogtic tools can
indude:

* Ingpecting the trend of DS over time. Trends that reverse directions, or ocillate, are
difficult to explain in terms of sysematic sensor mdfunction. These are often caused by
the float sampling oceanogrephic feaiures (eg. eddies, fronts, etc) that are not
adequately described in the reference database.

» Visud check of float trgectory with reference to oceanographic features such as
eddies and rings that can introduce complications to the semi-automatic methods.

* Ingpecting contour plots of float sdinity anomay time series Sysematic sensor
malfunction should show up as salinity anomaies over severa water masses.

» Usng other independent oceanographic atlases to anticipate water mass changes that
can occur dong afloat’s path, and that can be misinterpreted as sensor mafunction.

* Ingpecting residuas from objective maps.
» Cross-checking with nearby stable floats in cases of suspect sensor cdibration offset.

If the PI is confident that sensor mafunction has occurred, then the threshold for
making an adjusment is when 7S is greater than 2 times whatever is reported in
PSAL_ADMUSTED ERROR. By default this will be the eror from the datidica
methods, but the PI can provide an dternative estimate of uncertainty if they have a bass
for doing so. Note that this guideine is to help the PI in deciding whether a dope or
offst is ddidicdly dgnificant, and s0 should be used to evauate the entire float
segment being fitted, and not to single points.
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The lower bound on the gze of an adjusment is the instrument acuracy. At present,
there is no upper bound for the magnitude of salinity adjustment.

In cases where the float series has been gplit into separate segments, the Pl must
ensure that the assembled adjusment for the entire float series is continuous within error
bars, except where the Pl believes there is a genuine discontinuity (see Step 5 in Section
3.3.3). This is to ensure that no atificia jump is introduced where the separate segments
join. Adjustment continuity between separate float segments can be achieved by making
adjusment in the trangtion phase even though the adjustment is below the 2 times error
threshold limit.

In the following example, the float series experiences sensor drift after a stable period.
The floa series has been glit for cdibration. However, the float series has no
discontinuity, so the find assembled adjusment should be continuous. Adjustment
continuity is achieved by usng mode (a) and not (b).

(a) (b)
A A

¥

i A
AN A A ap N
(REATARA (RAATMA

3.3.5. Assigning adjusted salinity, error estimates, and qc flags

After evaduating dl avalable information, the Pl then assgns adjused sdinity vaues,
eror edimates, and delayed-mode qc flags. In Argo netcdf files, these are found
respectively in the parameters PSAL_ADJUSTED, PSAL_ADJUSTED ERROR, and
PSAL_ADJUSTED_QC. Please refer to Section 4.1 for definitions of the Argo gc flags
in delayed-mode.

The origind float sdinity and red-time qgc flags reman in the parameters PSAL and
PSAL_QC, and are never dtered in delayed-mode.

A Matlab-based graphicd user interface for interacting with Argo netcdf files has been
devdoped by John Gilson a Scripps Inditute of Oceanography. Please contact
jailson@ucsd.edu.

The following is a set of guiddines for assgning vaues to PSAL_ADJUSTED,
PSAL_ADJUSTED_ERROR and PSAL_ADJUSTED_QC in Argo netcdf files.

When no ddayed-mode gc is avallable

For example, when the netcdf file is 4ill in red-time mode, or when there is no
LATITUDE, LONGITUDE, or JULD (hence no gatistica recommendation available).
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PSAL_ADJUSTED = FillVdue
PSAL_ADJUSTED_ERROR = FillVdue;
PSAL_ADJUSTED_QC = FillValue.

For float sdinity that are consdered unadjustable in delayed- mode

For example, large spikes, or extreme behaviour where the relative vertica TS shape
does not match good data. These measurements are unadjustable.

PSAL_ADJUSTED = FillvVduge
PSAL_ADJUSTED ERROR = FillVaue,
PSAL_ADJUSTED QC="‘4".

For float sdinity that are consdered adjustable in delayed-mode

These measurements have a relative verticd TS shape hat is close to good data. They
are evaluated and adjusted for sensor drifts, offsets, and any other instrument errors.

i). When no adjustment is needed,
PSAL_ADJUSTED = PSAL (origind vaue);

PSAL_ADJUSTED ERROR = max [ddidicd uncertainty, instrument accuracy],
or uncertainty provided by PI;

PSAL_ADJUSTED QC='1",'2,0r ‘3.
if). When an adjusment has been applied,

PSAL_ADJUSTED = vaue recommended by ddidica andyses, or adjustment
provided by PI;

PSAL_ADJUSTED ERROR = max [datigicd uncertainty, instrument accuracy],
or uncertainty provided by PI;

PSAL_ADJUSTED QC='1,‘2,0r ‘3.

iii). When the Pl determines that float sdinity are bad and unadjustable,
PSAL_ADJUSTED = FillVdue,
PSAL_ADJUSTED ERROR = FillVaue;
PSAL_ADJUSTED QC="'4".

Thefollowing are some caseswhere aflag ‘2’ should be assigned
Adjustment is based on unsatisfactory reference database.

Adjustment is based on a short cdibration window (because of sensor behaviour
trangtion, or end of sensor life) and therefore may not be stable.

Evauation is based on insufficient information.

Sensor is ungtable (eg. magnitude of adjusment is too big, or sensor has
undergone too many sensor behaviour changes) and therefore data are inherently
of mediocre qudlity.

When afloat exhibits problems with its pressure measurements.
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3.3.6. Summary flowchart

Argo salinity sensor drift & offset QC procedures

Manual evaluation to detect anomalies on the relative profile, such as spikes,
that are not detected in RT.
Remove anomalies that may skew the drift/offset correction.

Do not use in least squares fit. Use in least squares fit.
PSAL_ADJUSTED Use accepted methods and reference database, split series and select
= Fillvalue appropriate length for the sliding window, to calculate recommended
PSAL_ADJUSTED_ERROR . .
~ FillValue salinity adjustments.

PSAL_ADJUSTED_QC =4

Pl evaluation - consider long time series
and other supporting information to determine
whether sensor malfunction has happened.

No sensor error has been detected, or sensor drift Sensor drift and/or offset has been detected
and/or offset is not significant and is significant
< max [ 2 x statistical uncertainty, instrument accuracy | > max [ 2 x statistical uncertainty, instrument accuracy ]

Apply adjustment,

O EC IS ERYEE or declare unadjustable.

PSAL_ADJUSTED = PSAL (original value) PSAL_ADJUSTED

PSAL_ADJUSTED_ERROR = value recommended by statistical analyses, or

= max [statistical uncertainty, instrument accuracy], adjustment provided by Pl

or uncertainty provided by Pl PSAL_ADJUSTED_ERROR
PSAL_ADJUSTED QC=1,20r3 = max [statistical uncertainty, instrument accuracy],

or uncertainty provided by Pl
PSAL_ADJUSTED_QC=1,20r3

OR

PSAL_ADJUSTED

= Fillvalue
PSAL_ADJUSTED_ERROR
= Fillvalue
PSAL_ADJUSTED QC =4

Last update : 19-Apr-05
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3.3.7. What to say in the scientific calibration section of the netcdf file

Within each gngle-profile Argo netcdf file is a sdentific cdlibration section that
records detalls of delayed-mode adjusments. In this scientific cdibration section, for
every paameter lised in PARAMETER (PRES, TEMP, PSAL), there are four fidds to
record scientific calibration detalls:

SCIENTIFIC_CALIB_EQUATION,;
SCIENTIFIC_CALIB_COEFFICIENT,
SCIENTIFIC_CALIB_COMMENT;
CALIBRATION_DATE.

In cases where no adjustment has been made, SCIENTIFIC_CALIB_EQUATION and
SCIENTIFIC_CALIB_COEFFICIENT chdl be filled by ther respective FillVaue
SCIENTIFIC CALIB_COMMENT shdl contain wordings that describe the evauation,
e.g. “No adjustment is needed.”

In cases where adjustments have been made, examples of wordings for PSAL can be:

SCIENTIFIC_CALIB_EQUATION: “PSAL_ADJUSTED = PSAL + ?S, where ?Sis
caculated from a potentia conductivity (ref to O dbar) multiplicative adjustment termr.”

SCIENTIFIC_CALIB_COEFFICIENT: “r = 0.9994 (+ 0.0001), verticaly averaged ?S =
- 0.025 (+ 0.003).”

SCIENTIFIC_CALIB_COMMENT: “Sensor drift detected. Adjusted float sdinity to
gatistical recommendation as in WJO (2003), with WOD2001 as the reference database.
Mapping scaes used are 8/4, 4/2. Length of diding cdibration window is +/- 20 profiles’

The Pl isfree to use any wordings he/she prefers. Just be precise and informative.

Regardliess of whether an adjustment has been made, the date of calibration of each
parameter (PRES, TEMP, PSAL) should be recorded in CALIBRATION_DATE.

3.3.8. Other parameters in the netcdf file

A history record should be appended to the HISTORY section of the netcdf file to
indicate that the netcdf file has been through the delayed-mode process. Please refer to
the Argo User's Manud (85 “Using the History section of the Argo netCDF Structure’)
on usage of the History section.

The parameter DATA_MODE should record ‘D’.
The parameter DATA_STATE_INDICATOR should record ‘2C'.
The parameter DATE_UPDATE should record the date of last update of the netcdf file.

The paameters PROFILE <PARAM> QC should be recomputed when
<PARAM>_ ADJUSTED_QC becomes available.

Ladly, the name of the sngle-profile Argo netcdf file is changed from R*.nc to D*.nc.
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3.3.9. Timeframe for availability of delayed-mode salinity data

The gddtigticd methods used in the Argo ddayed-mode process for checking sensor
drifts and offsets in <dinity require the accumulation of a time sies for rdidble
evduation of the sensor trend. Timeframe for avalability of deayed-mode sdinity data
is therefore dependent on the sensor trend. Some floats need a longer time series than
others for stable cdibration. Thus delayed-mode sdinity data for the most recent profile
may not be avalable until sufficient subsequent profiles have been accumulated. The
default length of time series for evduaing sensor drift is 12 months (6 months before
and 6 months after the profile). This means that in generd, the timeframe of availability
of drift-adjusted delayed-mode sdinity datais 6+ months after a profile is sampled.

Users should dso be aware that changes may be made to delayed-mode files a any
time by DACs and delayed-mode operators. For example, delayed-mode files may be
revised when new CTD or float data become avalable after the origind delayed-mode
assessment and adjusment. The date of latest adjustment of a parameter can be found in
CALIBRATION_DATE.

Anytime an Argo file is updated for any reason, the DATE UPDATE vaidble will
reflect the date of the update. The "profile index fileé' on the GDACs contans the
DATE UPDATE information (dong with other information) for every file on the
GDACs and can be used to monitor updates. The profile index file is maintained in the
top-level GDAC directory and is named "a_index_globa prof.txt"; index files dso exist
for the meta- data and trgjectory files.

3.3.10. References
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651-664.

Wong, A.P.S.,, G.C. Johnson, and W.B. Owens, 2003: Delayed-mode cdibration of
autonomous CTD profiling floa <inity data by o-S dimaology. Journal of
Atmospheric and Oceanic Technology, 20, 308-318.
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4. Appendix

4.1. Reference Table 2: Argo quality control flag scale

This table describes the Argo qc flag scales. Please note that this table is used for d
measured parameters. This table is named Reference Table 2 in the Argo User’s Manual.

Meaning |Real-time comment Delayed-mode comment \
No QC was
0 |performed No QC was performed No QC was performed
The adjusted value is
statistically consistent and a
statistical error estimate is
1 |Good data All Argo real-time QC tests passed. supplied.
Probably good
2 |data Probably good data Probably good data
Test 15 or Test 16 or Test 17 failed and all other
real-time QC tests passed. These data are not to
be used without scientific correction. A flag ‘3’
Probably bad data |may be assigned by an operator during An adjustment has been
that are potentially [additional visual QC for bad data that may be applied, but the value may
3 |correctable corrected in delayed-mode. still be bad.
Data have failed one or more of the real-time QC
tests, excluding Test 16. A flag ‘4’ may be
assigned by an operator during additional visual
4 (Bad data QC for bad data that are uncorrectable. Bad data. Not adjustable.
5 |Value changed Value changed Value changed
6 |Not used Not used Not used
7 |Not used Not used Not used
8 |Interpolated value |Interpolated value Interpolated value
9 |Missing value Missing value Missing value
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4.2. Common instrument errors and failure modes

This section describes some common insrument erors and fallure modes that will
cause e@ror in float measurements.

1. TBTO leakage

TBTO (tributyltinoxide) is a wide spectrum poison that is used to protect conductivity
cdls from biofouling. However, accidentd leskage of TBTO onto the conductivity cell
can occur. This will result in fresh sdinity offsets in float series that usudly gets washed
off. Ddayed-mode andyds should pay specid dtention to the shape of the <dinity
profiles a the beginning of the float seriesif TBTO leakage is suspected.

2. Pollution events

Any pollution on the conductivity cdl will result in eroneoudy fresh <dinity
measurements. When pollution washes off, reversd of sensor drift trend can occur.
Delayed-mode anadysts need to be careful in splitting float series in such cases.

3. Ablation events

Any ablation of the conductivity cell, such as etching, scouring, or dissolution of the
glass surface, will result in erroneoudy sdty sdinity measurements.

4. Cell geometry changes

The geometry of conductivity cdls can change, thus causng eectrodes to change
distance. Thiswill result in ether an increase or decrease in sdinity vaues.

5. Cdll circuit changes

The circuit within the conductivity cell contains cgpacitors and resstors. Changes to
any of these dectricd components will affect dectrical conductivity and thus will give
eroneous (fresh or <dty) sdinity measurements. Electricd complication can result in
sensor drifts that have varying drift rates (e.g. drift rates can change fom dow and linear
to exponentid). Usudly jumps in sdinity measurements are an indication of dectricd
mafunction. If eectricd complication is suspected, delayed-mode andysts should check
the shgpe of the verticd <dinity profiles for adjugtability. Usudly the verticd profiles
after ameasurement jump are wrong and so are uncorrectable.

6. Low voltage at end of float life, and “ Energy Flu”

APEX floats often experience a sudden repid decrease in avalable battery energy
reserves. This premature exhaustion of battery, known as “Energy Fu’, usudly darts
about 2 years after deployment. The sharp drop in battery voltage related to “Energy
Flu”, as well as the low voltage towards the end of a float’s naturd life, will cause spiky
eratic measurements tha will make it difficult for ddayed-mode andysts to determine
where to solit the float series and how to fit a dope. Towards the end of float life, low
voltage will result in large drift, followed by death. “Energy Hu’ will cause spikes that
get worse and more frequent, dso followed by deeth.

7. Druck sensor problem

About 4% of SBE41s have experienced the Druck pressure sensor defect. SeaBird has
fixed this problem, so this fedure is only included in this section for identifying the
profiles thet have been affected. The Druck sensor problem is caused by oil getting into
the pressure sensor, causing the sensor to report either PRES ~ (+) 3000 dbar or (-) 3000
doar. The pressure sensor tries to adjust the piston to the “fooled” pressure, and o
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progressvely becomes a surface drifter. The problem usudly darts with a profile that
reports measurements from very close-together depth levels. Both temperature and
sainity measurements are useless from that stage onward.

8. Incorrect pressure sensor coefficient

Incorrect scaling coefficient in the pressure sensor will give anomaous T-S curves at
depth. The T-S reation will look acceptable, but a depth it will look as if the float is
sampling an anomadous water mass relative to nearby floats Deayed-mode anayds
should try to re-scale pressure measurements (eg. PRES = PRES * X) to see whether
the T-S curve can be recovered. Air bubbles in the pressure transducer can aso cause
€rroneous pressure measurements that are visible as anomaous T- S curves.

9. Thermal inertialag

Sdinity reported immediatdly after a float has crossed a strong thermd gradient can be
in eror as a result of conductivity cell therma mass. This error arises because of hest
exchange between the conductivity cell and the water within it. A float that trangts from
cold to warm water can result in fresh error, and from warm to cold in salty error. These
errors can exceed 0.01 (PSS-78) for drong therma gradients, and sometimes result in
unstable fresh spikes at the base of the mixed layer.
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