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Abstract. The French program Coriolis, as part of the Frenchnot an easy one to achieve in reality, especially with in-
operational oceanographic system, produces the COriolisitu oceanographic data such as temperature and salinity.
dataset for Re-Analysis (CORA) on a yearly basis. ThisThese data have as many origins as there are scientific ini-
dataset contains in-situ temperature and salinity profiles frontiatives to collect them. Efforts to produce such ideal global
different data types. The latest release CORA3 covers thelatasets have been made for many years, especially since
period 1990 to 2010. Several tests have been developed tioevitus (1982).

ensure a homogeneous quality control of the dataset and to Among global datasets, the most comprehensive and
meet the requirements of the physical ocean reanalysis aawidely used is the World Ocean Database produced by the
tivities (assimilation and validation). Improved tests include National Oceanographic Data Centre (NODC) Ocean Cli-
some simple tests based on comparison with climatology andnate Laboratory (OCL). This is a collection of both historical

a model background check based on a global ocean reanaknd modern ocean profiles and plankton data. The latest re-
ysis. Visual quality control is performed on all suspicious lease (World Ocean Database 2009 — WODAQ9) contains data
temperature and salinity profiles identified by the tests, androm the 19th century to 2009. Temperature and salinity data
quality flags are modified in the dataset if necessary. In adare available at observed and standardized levels. More re-
dition, improved diagnostic tools have been developed — incently, researchers at the Met Office Hadley Centre have pro-
cluding global ocean indicators — which give information on duced and maintained a quality-controlled subsurface ocean
the quality of the CORA3 dataset and its potential applica-and salinity dataset (Ingleby and Huddleston, 2007), spe-
tions. CORAS is available on request through the MyOceancially designed for ocean data assimilation systems. The lat-
Service Desklttp://www.myocean.el/ est version, called EN3, spans the period from 1950 until the
present and is updated every month, with temperature and
salinity data distributed on observed depths. Sporadically,
other groups have also made global hydrographic datasets
available, mainly dedicated to research purposes (e.g. Hy-
An ideal set of in-situ oceanographic data should coverdrobasewww.whoi.edu/hydrobaseivhich provides profile

the entire global ocean and be continuous in time, subjecflata on observed levels — both raw and quality-controlled;
to regular quality control and calibration procedures, andLozier etal., 1995; Curry, 2001).

encompass several spatial and temporal scales. This goal is

1 Introduction
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Quiality control is a very important step both for reanaly- been kept constant for the later years. Several widespread
sis and research projects, although quality requirements caproblems have also been discovered in the past few years in
differ from one user to another. A wide variety of quality con- the Argo data and are known to impact estimates of the global
trol methods exists for in-situ oceanographic datasets, rangOHC (e.g. Willis et al., 2007; Barker et al., 2011). These data
ing from fully automated methods (e.g. Ingleby and Huddle- issues have been already corrected by Argo data producers or
ston, 2007) to the manual checking of every profile. Depend-corrections are still in progress. However, it can be difficult
ing on the dataset, bad data identified by the quality controldor users to find appropriate information on the state of cor-
are either flagged (e.g. WODQ9, EN3) or removed from therections made on the Argo data included in the global dataset
database (e.g. Hydrobase, although the raw data files are al$bey are working with.
provided). WODO09 includes quality control flags for each  During the decade 2000-2010, the French project Cori-
measurement and profile, although the data on observed lewlis, whose main aim is to supply in-situ data in real
els went through less extensive tests than the standardizeiime to French and European operational oceanography
ones. Indeed, quality control of the data on observed levelprograms, started to distribute a quality-controlled dataset
is automatic and aims to detect gross errors or duplicatesnamed CORA. The first two versions were released in 2007
Additional checks are applied to the standardized data: denand 2008. In 2010, as part of the MyOcean project, the Cori-
sity inversions and outliers are flagged (statistics used to finalis research and development team developed a new proce-
outliers are computed from observed data on edch dure to be able to produce a quality-controlled dataset on a
square). Moreover, the results from objective mapping of theregular basis. Our objective was to update the CORA dataset
standardized data are closely examined to detect unrealistievery year with all the data acquired during the last full year
features. Profiles or individual data points that create any unavailable and to update the entire CORA dataset (full times-
realistic feature are then visually checked and flagged in botlpan) every 2yr (the next release of CORA including new
the observed and standard level datasets (see the WODG#ata from years 1990-2012 will be made available in the first
documentation for more details, Johnson et al., 2009). Qualhalf of the year 2013). The general purpose was to meet both
ity controls applied to the EN3 dataset are based on fully authe requirements of reanalysis projects (GLORYS — Global
tomated methods and include checks against a gridded back3cean Reanalysis and Simulations project, Ferry et al., 2010)
ground and checks against nearby observations (Ingleby anihcluding validation, initialization and assimilation of mod-
Huddleston, 2007). Data that fail the test are flagged as baéls (Mercator, Lellouche et al., 2012, this issue) and those
in the dataset. However, with such kinds of fully automatic of general oceanographic research studies, including ones on
methods, it can be a challenge to find a compromise betweenlimate change (e.g. von Schuckmann and Le Traon, 2011,
rejecting all the bad observations and retaining all the goodSouza et al., 2011; Guinehut et al., 2012). This new proce-
ones, particularly in regions with large gradients or small dure, described in the present paper, was used to produce the
scale eddy variability. CORAS dataset.

Correction of known instrumental biases should also be a The CORA3 dataset was rechecked with a semi-automated
priority in developing global datasets, as the impact of suchmethod quite similar to the one presented in Gronell and
biases can be serious for climate research studies. Indeetlijffels (2008). Statistical tests, performed on the whole
different issues exist with eXpendable BathyThermographCORA3 dataset, helped to identify suspicious profiles. These
(XBT) data and, if not corrected, can contribute to anomaloussuspicious profiles were then visually checked, and control
global oceanic heat content (OHC) variability (e.g. Gouret-quality flags were set to discriminate “bad” from “good”
ski and Koltermann, 2007; Wijffels et al., 2008; Levitus et data.
al., 2009; Ishii and Kimoto, 2009; Gouretski and Resghetti, The application of XBT correction to the CORA3 dataset
2010; Lyman et al., 2010). In the WODO09 database, the XBTwas an application of the method described in Hamon et
data at observed levels retain the depths received from thal. (2012). We also developed simple diagnostics to assess
data submitter, while the XBT data interpolated to standardArgo data quality and the status of corrections in our dataset.
levels use the appropriate corrected depth equation whegstimation of global ocean indicators (GOIs, von Schuck-
possible and the appropriate time-varying bias correctionmann and Le Traon, 2011) such as the global OHC or the
from Levitus et al. (2009). The EN3 dataset uses the approglobal steric sea level (GSSL) from in-situ data remains a
priate corrected depth equation for XBTs identified as uncor-considerable challenge, as long-term trend estimations of
rected and for some of the XBTs of unknown type (reporting global quantities are very sensitive to any sensor drift or sys-
from less than 840 m and prior to the end of 1996). More-tematic instrumental bias, but can be a useful tool to monitor
over, versions of the EN3 dataset include XBT and mechanithe quality of such a global in-situ dataset. This type of data
cal bathythermograph (MBT) depth time-varying corrections validation tool is in particular well suited to detecting large
computed by Ishii and Kimoto (2009), Levitus et al. (2009) scale errors due to measurement drifts and systematic instru-
and Wijffels et al. (2008). However, these time-varying XBT mental biases (e.g. Willis et al., 2008; Barker et al., 2011). In
bias corrections have not been defined for the full time rangehis paper, GOls are estimated for CORA3 using the method
covered by the EN3 dataset, and XBT corrections have hencitroduced in von Schuckmann and Le Traon (2011), and
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used as a diagnostic of the level of quality reached by theprepared by the Canadian Marine Environmental Data Ser-

CORA3 database. vice (MEDS, www.meds-sdmm.dfo-mpo.gc.ca/isdm-gdsi/
In the following sections of this paper, we present the con-index-eng.htmjl. Delayed mode CTD data are regularly up-

tent of the CORAS3 dataset (Sect. 2), validation proceduredoaded from the World Ocean Database (WODOQ9, high reso-

and XBT corrections (Sect. 3), quality diagnostics performedlution CTD data, Boyer et al., 2009).

on the CORAZ3 dataset, including the use of GOls (Sect. 4),

and, finally, the future perspectives for further versions of2.2 Organisation of the CORA3 dataset

CORA. . L
The CORA3 dataset consists of all the in-situ temperature

and salinity profiles extracted at a given time from the Cori-
olis database, a database which is itself updated daily in
real time. For CORA3, which covers the time period 1990

The CORA3 dataset contains in-situ temperature and salinitﬁ Zit%,othzeoggtes (_)f dda;a ;etr;eval)werzeofg ]Ic\/lay2(2)8£1)0 fo:j
profile data extracted from the Coriolis database, which is N ", period, eptember or > an

updated daily in real time. To better understand the content 0?2 March 2011 for 2010.

CORAG3, it is first important to know how data are collected C.ORA3 contains data from different mstrumgnt types:
by the Coriolis centre. mainly Argo floats, XBT, CTD and XCTD, moorings, sea

mammal data, and some drifting buoys.

The data are classified into 7 types, depending mainly on
the data source and resolution. Most of these data types are
The Coriolis data centre collects data mainly in real or near-h0se defined for the GTSPP (PF, CT, XB, BA and TE),
real time (depending on data sources and availability) in or-While others are “in-house” types (OC and MO). All the data
der to meet the needs of operational oceanography. In particd'€ Stored in netcdf files using the same format as that de-
ular, Coriolis regularly provides real-time quality-controlled fin€d for the Argo program, and a naming convention that
and integrated in-situ ocean measurements for the Frenclidicates the data type: PF files are used for Argo data ob-

operational ocean analysis and forecasting system (Mercd@ined from the DACs; XB files are used for shipboard XBT
tor Oceanwww.mercator-ocean ito the European GMES ~ ©F XCTD data; CT files are used for shipboard CTD data
(Global Monitoring for Environment and Security) Marine 2nd CTD data from sea mammals and some sea gliders; OC
Core Service MyOceanwfvw.myocean.ey as well as to files are used for CTD and XCTD data from WOD2009; MO
several other national systems. Coriolis is a Data Assemlil€S aré used for mooring data from TAO/TRITON, RAMA

bly Centre (DAC) for the Argo program (Roemmich et al., and PIRATA arrays from PMEL; finaIIy,_TE and BA files
2009, www.argo.ucsd.eduand, like every DAC, it is re- &€ used for TESAC (TEmperature, SAlinity, Currents) and

sponsible for collecting the raw messages from some ofATHY (Bathythermograph) data received from the GTS,

the Argo floats, decoding them, quality-controlling them respectively. However, it can be difficult for users to find all
and distributing the data. The Coriolis data centre is also’€ data from one kind of instrument or probe (e.g. CTD)

one of the two Global Data Assembly Centres (GDACS) since it is stored in different types of files (e.g. CT, OC, and
for the Argo program. It collects the Argo data from the TE files for CTD instruments). An effort has therefore been

other DACs and serves as a distribution point for all Argo Made to identify the “probe type” among the different file

data. Every day, the Coriolis data centre collects XBT,YP€S. Eleven “probe types” are defined and a probe type
CTD and XCTD data from French and some EuropeanCOde associated with each profile of the dataset (in an index

research ships, as well as from the global telecommunidfile). Table 1 gives temperature, salinity and depth/pressure

cation system (GTSwww.wmo.inj, the GOSUD project accurac_ies for each “probe type” as well as the type of the
(Global Ocean Surface Underway Dataww.gosud.ory ~ netedf files where the data are stored.

Voluntary Observing Ships project (VOSyww.vos.noaa.
gov/vosscheme.shtm moorings — in particular TAO (Trop-

ical Atmosphere Ocean)/TRITON and PIRATA data from the cORA3 dataset spans the period 1990-2010. The year
PMEL (Pacific Marine Environmental Laboratory) — gliders 1990 was chosen as a starting point because the Corio-

(www.ego-network.org and from sea mammals equipped |is gatabase does not contain global data before this year.
with CTD by French (Centre &tudes Biologiques de Ct8z ) ,reqver, reanalysis projects, such as GLORYS, do not go
— CEBC — Chig Centre for Biological Studieshttp://  pack any further than the early 1990s because they assim-
www.cebc.cnrs.frand other European Union data providers jiate satellite altimetry. The year 2010 was chosen as the
(through the British Oceanographic Data Centre — BODC —gq pecause it was the last full year available at the time of

and Sea Mammal Research Unit — SMRU). Three times &, pjeting much of the work on CORA3 (i.e. during the year
week, the Coriolis data centre also uploads GTS and GTSPBOM)_

(Global Temperature and Salinity Profile Programme) files

2 CORAB3 dataset content

2.1 Data sources

2.3 Data coverage
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Table 1. Accuracies of the different data types included in CORA3. The type of netcdf files where each data type can be found is also listed
(in italic for the most frequent occurrences). Note that data received from the GTS are not full resolution: data are truncated two places after
the decimal point for the TESAC (TE) type and one place after the decimal point for the BATHY (BA) type.

Temperature Salinity Pressure or
“Probe types” (and the associated codes) Type of files accuracy accuracy depth accuracy
XBT (10) XB, BA, TE 0.03-0.02C2 2 %2
CTD (20) OC, TE, BA, CT 0.00rC —0.005°C? 0.02-0.008 0.015-0.08 %
XCTD (30) BA, TE OC, XB,CT 0.02C? 0.05-0.08 297
Argo Floats (40) PF, TE 0.01°C° 0.01° 2.4d8
TAO/TRITON, PIRATA, RAMA (51) TE, MO, BA Standard ATLAS: 0003-0.0%C (SST)  0.08 1d

0.003-0.09C (subsurface)
Next Gen. ATLAS 0.003-0.02cd

Gliders (60) CT, TE 0.001°C —0.005°C? 0.02-0.008
Sea mammals (70) TE, CT 0.01°C® 0.0%

Drifting buoys (80) TE, BA 0.002-0.0PC2 0.003-0.0%
Coastal (52) and other moorings (50) TE, BA Nominal 1°C (Achieved O.OSC)f 0.001us crmif

aWorld Ocean Database, 2009, Boyer et al. (2099]phnson (1995), nominal accuracy, Boehme and Send (2005);
d seehttp://www.pmel.noaa.gov/tao/projer/sensors.shtraind references thereifiBoehme et al. (2009§ for NDBC buoys, Conlee and Moersdorf (2005).

Figure 1 shows global data coverage for two time peri- This array was equipped with ATLAS (Automated Temper-
ods in the CORA3 dataset: the pre-Argo era in 1990-199%ture Line Acquisition System) buoys developed by PMEL's
and the period 2000-2010, during which Argo profiles pro- Engineering Development Division that transmitted surface
gressively spread across the global ocean (a hear-global scalnds, air temperature, relative humidity, sea surface temper-
of coverage was reached in 2005). In the 1990s, high coverature, and ten subsurface temperatures from a 500 m or 750 m
age (mostly XBTs) was concentrated on the main shippingong thermistor cable. By the end of 2001, the full array was
lanes. Large gaps are seen in the Southern Ocean, south méplaced with more modern moorings (Next Generation AT-
30° S, even though this region was relatively thoroughly sam-LAS moorings) that allowed the use of additional sensors.
pled during this period because of the World Ocean Circula-n particular, more sites started to transmit subsurface salin-
tion Experiment (WOCE) program in 1990-1998. During the ity data. The first buoys of the PIRATA array were deployed
more recent period (2000-2010), the spreading of Argo pro4in the Atlantic Ocean in 1997/1998, while deployment of the
files ensured a minimum coverage of 1-2 profiles per yealRAMA array started in the Indian Ocean in 2000/2001. How-
per I square box (this reached 3—4 profiles per year per 1 ever, the subsurface salinity data from these moorings were
square box after the target of 3000 Argo floats had been memot included in the Coriolis database and CORAS3 before
by the end of 2007). Ice-covered or shallow-depth regions2003, even though some of the buoys measured subsurface
are less densely sampled. Regions with more than 10 profilesalinity before this date.

a year are found in the west side of the North Pacific Ocean, Figure 3 shows the number of profiles in CORAS3 divided
along the US and Canadian east coasts and west coasts by data type as a function of time. The number of profiles in-
Europe. Some areas in the Southern Ocean are also highlyreases after 2001 as the Coriolis data centre was connected
sampled by sea mammals equipped with CTD (first data into real-time data streams. It can be noted that, in 2000, there
2004). is a gap in the acquisition of TAO/TRITON and PIRATA

Figure 2 shows the number of temperature and salinitydata. This gap and the subsurface salinity gap (before 2003)
profiles per month at a given depth in CORAS3. Before the could have been filled by directly sourcing data from PMEL.
year 2000, salinity profiles were essentially from CTDs andHowever, sourcing data from places other than the Corio-
often reached down to 3000 m depth. Since 2000, the numbdis database compromises our ability to release an update of
of temperature and salinity profiles reaching down to 2000 mthe CORA dataset every year. Our general approach was first
depth has gradually increased as a result of the growth of théo download data into the Coriolis database and then to up-
Argo program, but at the same time, the number of deepedate the CORA dataset. These missing data will be added in
CTD profiles has been significantly reduced. Since 2004-the next versions of CORA as the complete time series from
2005, Argo data has been the main source of global subsufFAO/TRITON, PIRATA and RAMA buoys become available
face measurements in the CORAS dataset. through OceanSITES.

The TAO/TRITON, PIRATA and RAMA array imprint is Since 2004, the importance of coastal moorings has grown
also clearly visible in Fig. 2 and appears as several distinc{see Fig. 3). These data are mainly from the NDBC (National
well-sampled depths between the surface and 750 m. By th®ata Buoys Centrenttp://www.ndbc.noaa.goyAnd are pri-
end of 1994, the TAO mooring array had been completedmarily high frequency measurements from moored buoys
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Fig. 2. Number of temperature and salinity profiles in CORA3 per
month at different depths and as a function of time.

‘ ‘ ‘ ‘ ‘ ‘ ‘ a real-time process, the duplicate check procedure occasion-
-150 -100 -50 0 50 100 150 ally fails and then does not run for a short while. Moreover,
the duplicate check program run at the Coriolis centre has
N EEEeE——— evolved, but new versions are not systematically run on data
already loaded onto the Coriolis database. A new duplicate
Fig. 1. Number of profiles per year in°Ix 1° boxes for the pe- check was t_herefore perform_ed onthe wr_\ole CORA3 data_set.
riod 1990-1999 (upper panel) and 2000-2010 (lower panel) in the The duplicate check run in delayed time looks for pairs
CORA3 database. within 0.1° longitude and latitude and 1 h when their types
are different (e.g. BA-XB pairs). In this case, the platform
identifiers (i.e. float number for Argo floats or ship identi-
and shore and platform-based coastal marine stations arourifér for XBT or CTD) should be the same. The time window
the continental United States, Alaska, Hawaii, and the Greafs increased to 24 h for duplicate screening between PF files
Lakes. These data are distributed through the GTS. (Argo data processed by DACS) and TE files (that may con-
tain Argo data sent to the GTS) because some Argo profiles
circulating on the GTS were dated with the Argos localiza-
tion date instead of the date of the profile (these dates can

Figure 4 is a diagram of the different stages used for prc)_dif'fer by several hours). When the test is applied for pairs

cessing the CORA3 dataset. The overall process include¥ithin the same type (e.9. TE-TE pairs), both temporal and
checking for duplicates to ensure that data is unique in thePatial criteria are made more precise (0.0081d 0.00001

dataset, various quality checks that help differentiate “bad"d@Y) and the platform identifiers can be different. _
from “correct” data, and adjustments applied to parame- These temporal and spatial criteria serve to identify possi-

ters. These different steps are detailed in the following subP!€ duplicates. Among them, some are exact duplicates, some
sections. Some are processed in real or near-real time arff€ duplicates but data or metadata differ slightly because
applied to the data freshly downloaded into the Coriolis they went through different processing, and others are not du-

database; others are processed in delayed time (when tHicates (e.g. an Argo profile and a CTD profile made when

3 CORAB3 data processing

CORAZ3 files are generated). the float was Iaun(;hed). Hgnce, some pairs are systematically
excluded from being possible duplicates unless the data are
3.1 Checking for duplicate profiles strictly identical (e.g. Argo and CTD or XBT profiles, CTD

and XBT profiles, mooring and CTD or XBT profiles). It is
Identical profiles can be found with several occurrences inalso verified that the values of the two profiles selected as
the Coriolis database because different paths can be used tuplicates are not too different (0.€ for the mear?” and
transmit data from sensors to the data centre. Although a dud.5 PSU for the meas). If this is the case, the pair is ex-
plicate check is performed in real time at the Coriolis datacluded from the possible duplicate list.
centre, some duplicate profiles slip through. The duplicate The choice is then made of which record should be kept
check is run when the data are collected, but, because it i the CORAS dataset. First, there is a preference for records

Www.ocean-sci.net/9/1/2013/ Ocean Sci., 9,18-2013
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Fig. 4. Data flow diagram showing the various steps of CORA3 data
processing.
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Fig. 3. Number of profiles divided by data type as a function of
time. is attributed to a measurement, position or date unless one
of the automatic test fails. A flag 3 or 4 (probably bad or

with both temperature and salinity observations. If this is nott.)ad data, res_,p_ectn_/ely) IS attrlbute_d toa meagl_Jrement, posi-
tion or date if it fails the automatic test. Position flags are

decisive, preference is given to the record with the format aI'attributed by checking that the latitude and longitude are re-

lowing highest precision (i.e. the GTS formats TE and BA _.” . »
g . alistic (Test 3) and correspond to an oceanic position, deter-
are of lower precision), then to the deepest record with high-_. . . . .
X ! : . mined by interpolating a 5-min bathymetry to the profile po-
est vertical resolution. If no choice has yet been possible, the ... : L
. ) Sition (Test 4). Until September 2010, the Coriolis data cen-
record with less metadata available or the one that appears :
i i . . tre also used a comparison between the bathymetry and the
more often than the other in the list of duplicates is excluded. : . :
- 'depth reached by the profile to determine whether the posi-

Finally, if none of those steps is conclusive, an arbitrary decl'tion was correct or not. However, in case of steep bathymetric

sion is made about the deletion of one of the two profiles. In_ . . ; i
; . variations, this latter test can erroneously attribute a flag 4 to
CORA3, 1.5% of the profiles had at least one duplicate, most o 2
. . a position. Some of the erroneous position flags were cor-
of them having only one. We have removed these duplicates

from the dataset. A large proportion of the duplicates foundrected during the subsequent visual checks (i.e. reset to flag

: . 1). This test is no longer used.
were in the BA and TE files (data from the GTS). Date flags are attributed during the real-time tests by

32 Data validations checking whether the date and time are realistic (Test 2) and
whether the platform travel speed between two profiles does
3.2.1 Data validations in real and near-real time not exceed a maximum value defined for each platform type

(see Table 3).

Data validations done in real and near-real time are de- Measurement flags are attributed during the real-time tests
scribed in Coatanoan and Petit de la &ih (2005). Figure 4 by checking overall ranges and regional ranges (only for
shows that most of the data first go through automatic qualityMediterranean and Red Seas) by detecting spikes and gradi-
checks. These automatic checks are designed for Argo floatsnts that are too steep. An automatic test is performed to de-
(Argo Quality Control Manual, Wong et al., 2012), but are tect and flag density inversions (Test 14). Until October 2011,
also applied to all other profiles downloaded into the Corio-data downloaded into the Coriolis database were flagged for
lis database (except for Argo floats managed by other DACglensity inversion if the in-situ density difference between
than Coriolis that have been already quality-controlled withtwo adjacent levels was negative. As a consequence, density
the same automatic tests, and sea mammal data that have @tversions were not well detected by the automatic test. This
ready been quality-controlled by CEBC). Table 3 summa-has been corrected and a new density inversion test is now
rizes the automatic checks applied, for more details see theun as described in Version 2.7 of the Argo Quality Control
Argo Quality Control Manual (Wong et al., 2012). Manual (Wong et al., 2012). However, the datain the CORA3

These automatic checks set quality flags for each measuratataset have only been checked for density inversions with
ment (i.e. for pressure/depth temperature and salinity at eacthe older test.
observed level of a profile), as well as for position and date Visual checks are performed by an operator within 48 h of
of the profile. Quality flag values range from 0 to 9. Their collection on the data managed by the Coriolis centre (Argo
complete definitions are given in Table 2 and are the saméloats from Coriolis DAC, data acquired by French research
as those defined for the Argo program. A flag 1 (good data)vessels, gliders), as well as sea mammal data from CEBC.
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Table 2. Quality flags and their definitions. tests or those which have never been checked (flag 0) are
further verified in delayed mode (it should be remembered
Quality code  Meaning that the CORA3 dataset contains all the data, even those
0 No quality control performed qualified as bad durin_g th_e p_revious rgal-time tests). Proce-
1 Good data dures for CORAS validation include simple tests, compar-
2 Probably good data isons with climatology, and tests designed for Argo floats that
3 Bad data, potentially correctable verify each suspicious float over its entire lifespan. Finally, a
4 Bad data model background check based on the global ocean reanaly-
5 Value changed sis GLORYS2V1 (Ferry et al., 2010) is applied. A test, when
6 Not used it fails, issues an alert on a profile. The profile is then visually
7 Not used checked and control quality flags are examined for all mea-
8 Interpolated value surements at all profile levels and changed when necessary.
9 Missing value

Control quality flags are not attributed automatically during
this validation phase.

A profile can fail a simple test for several reasons. This can
Temperature and salinity of a profile are displayed andhappen when a pressure value is negative (within instrument
compared to neighbouring profiles and climatology (World accuracy), when a temperature or a salinity value is outside
Ocean Atlas 2005 — WOAO5 Locarnini et al.,, 2006, and an acceptable range according to depth and region (thresh-
Antonov et al., 2006). This visual approach is combined witholds are those defined in appendix 9 of the World Ocean
an interactive editor, and quality flags for position, date or Database 2005 documentation, Johnson et al., 2006), when
measurements can be modified if necessary. temperature or salinity are equal to zero at the bottom or at

A statistical analysis is then performed once a day using althe surface, when temperature or salinity values are constant
the data available (with quality flags 1 or 2 only), dedicated toat depth, or if there is a large salinity gradient at the surface
detecting possible data problems that could have escaped thi{enore than 5PSU within 2 dBJhis latter test has been set
automatic tests. The statistical test is based on an objectivap to catch false salinity values near the surface acquired by
analysis method (Bretherton et al., 1976) with a three-weeksome CTDs that were not been launched correctly (i.e. data
window (see Gaillard et al., 2009, for further details). For collected without the pump started a few meters below the
each profile, a residual is calculated at each standard levajurface at the beginning the profile).
and a mean is computed in each layer (0—-100 m, 100-300 m, There are also tests that compare the profile to climatol-
300-700 m, 700-1000 m, 1000-1600 m, 1600—2000 m). Thegy. The first one determines whether temperature or salinity
residual is the difference between the observed value and thealues are outside the &Cclimatological range. The clima-
analysed field normalized be/(ySR + g,\ZAE, Whereo‘SR rep- tology used is the objectively analysed annual fields of World
resents small scales unresolved by the analysis and consi@cean Atlas 2009 (WOAOS, Locarnini et al., 2010; Antonov
ered as noise, and?: corresponds to instrumental errors. €t al., 2010). Annual cllmatologlcal fields are used because
An alert is produced when the normalized residual computedh€ seasonal ones are only defined for the top 1500 m. How-
at a standard level is larger than 8 or when the averaged nogVer. the standard deviation takes into account the §easonal
malized residual for a layer is larger than 4. variability. The climatology is interpolated to the profile po-

Profiles with an alert are then visually checked, and con-Sition (bilinear interpolation) and at the observed levels (lin-
trol quality flags are examined for all the measurements afar interpolation). The Kocriterion was chosen empirically
each profile level and changed if necessary. The statistical® "each a compromise between visualizing a lot of good pro-
test based on the objective analysis is re-run once a month, d4es (if the criterion is too strict) and not checking some bad
new data may arrive more than 3 weeks after acquisition an@nes (if the criterion is too loose). With this 4 Qriterion,
are therefore not statistically quality-controlled through the 2bout 70% of the alerts had been confirmed after the visual
daily analysis. New alerts are produced and visually checkedcheck. _ . .

Control quality flags are changed if necessary. Data that ar- A Profile can also fail a climatological test when a sys-
rive with more than one-month delay will only be quality- tématic offset occurs. The offset is calculatgd by flttllng the
controlled through automatic procedures before they intedifference between the observed and the climatological pro-

grate with the CORA3 dataset. file and by minimizing
N

3.2.2 Data validation in delayed time Z p— (T (2) = Telim(2)) — offsed?. 1)
=1 “clim

Once the CORA3 files are extracted from the Coriolis
database, the data go through delayed-time validation proThe profile fails this test if the calculated offset is at least 3
cedures (see Fig. 4). Only the data considered as good dimes larger than the vertically averaged climatological stan-
probably good (flag 1 or 2) after real- and near-real-timedard deviation. With this criterion, about 80 % of the alerts
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Table 3. Automatic tests applied (in the order given) to the profiles downloaded into the Coriolis database. Unless stated otherwise, one could
refer to the Argo Quality Control Manual V2.7 (Wong et al., 2012) for a complete description of these tests. Some of the automatic tests are
only specific to Argo floats (e.qg. digit rollover test) and are not applied to the other data types.

Test name (test number)

Comments

Deepest pressure test (19)
Platform identification (1)
Impossible date test (2)
Impossible location test (3)

Position on land test (4)

Impossible speed test (5)

Global range test (6)

Regional range test (7)
Pressure increasing test (8)

Spike test (9)

Gradient test (11)

Digit rollover test (12)
Stuck value test (13)

Density inversion (14)

Argo only (see Wong et al., 2012).

Argo only (see Wong et al., 2012).

The test requires that the observation date and time from the profile data are
sensible (see Wong et al., 2012).

The test requires that the observation latitude and longitude from the profile
data be sensible (see Wong et al., 2012).

Requires that the observation latitude and longitude be located in an ocean.
The bathymetry used is ETOPO5 (Edwards and Arvidson, 1985), which is
interpolated to the profile position.

If applicable, drift speeds can be calculated given the positions and times of
the platform between two profiles. For Argo floats, drift speed is not
expected to exceed 3 m%. For XBT or CTD the platform is the ship and
drift speed is not expected to exceed 25Th.sor glider and sea mammal
platforms, the drift speed is not expected to exceed 10¥ s

This test applies a gross filter on observed values for pressure, temperature
and salinity. It needs to accommodate all of the expected extremes
encountered in the oceans (see Wong et al., 2012).

Specific ranges for observations from the Mediterranean and Red Seas
further restrict what values are considered sensible (see Wong et al., 2012).

This test requires that the profile has pressures that increase monotonically
(see Wong et al., 2012).

Difference between sequential measurements, where one measurement is
quite different than adjacent ones, is a spike in both size and gradient (see
Wong et al., 2012).

This test is failed when the difference between vertically adjacent
measurements is too steep (see Wong et al., 2012).

Argo float only (see Wong et al., 2012).

This test looks for all measurements of temperature or salinity in a profile
being identical (see Wong et al., 2012).

Until October 2011, data downloaded into the Coriolis database was flagged

for density inversion if the in-situ density difference between two adjacent
levels was negative.

Grey list (15) Argo float only (see Wong et al., 2012).

Gross salinity or temperature sensor drift (16)  Argo float only (see Wong et al., 2012).

18 frozen profile (18) This test can detect a float that reproduces the same profile over and over
again with very small deviations (see Wong et al., 2012).

are confirmed after the visual check. The equation is writ-measurements of this profile as bad. This profile passed all
ten for the temperature, but it is applied in the same waythe tests and was only detected because of the offset test.
for the salinity. An example is given in Fig. 5. An offset is  Each time a profile fails a test, it is checked visually and
visible: the salinity observations are about 0.5 PSU freshercontrol quality flags of each measurement at each level are
than the climatological estimate (WOAOQ9), but this is inside examined and changed if necessary. The visual check is a
the 1&r envelope in the area where the standard deviatiornvery important step in the procedure since it allows the rejec-
is large. However, without any other check, it is difficult to tion of observations that have passed the other tests and also
say whether the salinity offset is a bias, as this profile onlyallows the requalification of rejected observations as good
reaches down to 500 m depth. All the salinity profiles from measurements. In Fig. 6, the first example shows an XBT
this platform (a glider that did about 10 profiles a day over 15profile that was partially rejected by the acceptable range test,
days) were then visually checked. All the profiles showed thebut for which all observations below 350 m depth should also
same offset (even at greater depths) compared to the climée rejected following results of the visual check. In contrast,
tology interpolated to the profile positions and some nearbythe example in Fig. 7 shows that a few temperature observa-
Argo profiles. It was then decided to flag all the salinity tions at the bottom of the thermocline are slightly outside the
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Fig. 5. Example of a profile that fails the offset test for salinity ob- visual check is needed to invalidate the other bad vglugs. The qual'ity

servations. The in-situ profile is shown in black, the climatology and flags of 24 are only for the purpose of the plot and indicate that this

its 10> envelope in green. Red dots indicate observations extracted€st (acceptable range) fails at some observed levels of the profile.
by the test. This profile was visually checked before any flag was modified in

the CORAS3 dataset. After visualization, all the temperature values
measured at depths below 360 m were flagged as bad data (flag 4)
in the CORA3 dataset.

climatology test. During the visual check, these few observa-

tions were considered good, which shows that climatological

envelope can be used as a first estimation of the quality of aﬁ[r ansm:tte;j to ;h?f Coriolis datfz? cenére n t(_)rder_ tothCh:f.Ckl
observation but that visual control is a necessary step. Its contents and, 1 necessary, lag observations in the fina

We further test Argo floats whose data have failed theCORA3 dataset. Below, we describe the method used to de-

: . . . ; h ici rofiles.
previous simple and climatological tests several times anc}eCtt 0S€ SuSpICious proflies

those suspected to have a problem after comparison with Ba?_ed on_thls 17-3/r-llgngkreanalé/5|st, tl_n?ovafltlop (|_.te.t0b-
satellite altimetry. A detailed description of the altimetry servation minus model background) statistics for in-situ tem-

test is given in Guinehut et al. (2009), of which the re- perature and salinity profiles were collected and used to de-
sults can be found orﬁtp://ftp.ifremer.fr/ifremer/argo/etc/ tect suspiciou_s profiles and provide.a black ”SF of obserya—
argo-ast9-item13- AltimeterComparisonl'hese floats are tions present in CORA3 data_set. This observation screening
verified systematically over their whole life to ensure a ho- > known as background quality control. The probability den-

mogeneous quality control for all the profiles made by theS|ty functions (PDFs) of the innovations are calculated as

same float. Profiles of these Argo floats are plotted agains\?/vfupcgtiﬂ (t)f spat|atl I?catloqx(y ’Z)t_m tEeDEIobal oceanl.
the climatology and visualized one by one; each profile is € find that in most places, innovation S aré very close

also compared to the previous and following ones. All thet.O a normal dlstr|but!on. The_refo_re, we assume thaF Innova-

profiles from the same float are plotted or@as diagram tions have a Gaussian distribution and that the tails of the

and control quality flags are modified if necessary probability density function contain suspicious observations.
In the framework of the MyOcean global ocea.n reanal_First, the collected innovations are binned on°ax%° grid

ysis work (Ferry et al., 2011), a close collaboration with on the horizontal, the model vertical grid, and the season. In

the French GLORYS reanalysis project enabled a last steSaCh cell of this 4-dimensional grid, we estimate two param-

in the quality control of the CORA3 dataset to be per- eters, which are the meai and s'tandard dewgtlon STD.
formed, based on a model background check. The globa-lrhese parameters are used to define the following space- and
' eason-dependent threshold value:

1/4° ocean reanalysis GLORYS2V1 (Ferry et al., 2010) is S
part of the MyOcean “Global Ocean Physics Reanalysis and” = |M|+ N x STD, )

Reference Simulations” product and assimilated sea surface . . .
with N being an empirical parameter.

temperature (SST) and sea level anomaly (SLA). In-situ pro- q ; he ob . .
files from a preliminary version of the CORA3 dataset were In a second stage, we perform the observation screening

also assimilated (this preliminary version contained the saméOr each p_f‘?f"e- ,At agven ‘?‘epthv an _ob;ervauon -IS.COI’\SId-
profiles as the final version of CORA3 but only covered ered suspicious if the following two criteria are satisfied:
1990-2009). The first year of the GLORYS2V1 reanalysis 1. |innovatiori > T

(1993) coincided with the start of the altimetry data from . . .

TOPEX/POSEIDON. Once the whole reanalysis was pro- 2. |obs-clim > 0.5 innovatior]
duced, a quality control was made offline that listed suspi-The first criterion diagnoses whether the innovation is abnor-
cious profiles present in the CORA3 dataset. This list wasmally large, which would most likely be due to an erroneous

Www.ocean-sci.net/9/1/2013/ Ocean Sci., 9,18-2013
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observation. Condition 2 avoids rejecting “good” observa- Fig. 8. Percentage of suspicious temperature (black) and salinity

tions (i.e. those that are close to the climatology) in the Casé)rofiles (red) as a function of year in GLORYS2V1 reanalysis qual-
ty control. The profile grey list was provided to the Coriolis data

of E.l biased quel background. In the case of a gopd .Obse%entre to improve the quality of CORA3. See the text for more de-
vation and a biased model background, LHS of criterion 243ils
is small and RHS is large, implying that the condition is not '

satisfied. This criterion significantly reduces the number of

good observations that may be rejected (false alarms). Thghdependent from the profile location. Therefore, erroneous
threshold value (05) intest2is empirical and has been tune%rof”es are expected to be randomly distributed in space,
in order to minimize the false alarms. A small threshold valuewhich is almost the case. However, we can see some places
implies fewer false alarms, but also fewer detections of badyhere there are concentrations of points (e.g. in the central
profiles. tropical Pacific or east of the Philippines) corresponding to
The results of this background quality control are summa-a moving Argo float with defective sensors. An example of
rized in Fig. 8, where the percentage of suspicious tempersyspicious profiles and their impact on an ocean analysis can
ature and salinity profiles is displayed as a function of thepe found in Lellouche et al. (2012).
year over the period 1993-2009. We expect this percentage For the years 1993 to 2009, the background quality con-
of suspicious profiles to be relatively stable during the re-tro| allowed identification of 2760 suspicious temperature
analysis time period. It is almost the case for the temperaand salinity profiles, which were reported to Coriolis to im-
ture profiles, with little year-to-year variability. For salinity, prove the CORA3 dataset. All these profiles were then vi-
one can see a peak between 1999 and 2001. A more detailed|ally checked and about 50 % of them were confirmed to
analysis revealed that, following the strong 1997/1998 ENSQhave at least one bad measurement. Their control quality
(EI'Nifio—Southern Oscillation) event, more suspicious salin-ﬂags were then modified correspondingly. The other 50 %
ity profiles than usual were detected in the tropical PaCiﬁC-corresponded to false alarms or profiles whose quality was

This happened until 2001 with the strong Lafili This is  difficult to evaluate. In these cases, the quality control flags
attributed to the fact that the threshold values defined for theyere left unchanged.

quality control salinity may be underestimated because the

statistics may not contain enough ENSO events to fully sam3.3 Data corrections

ple the ocean variability. In 1998, only 30 % of the suspi-

cious profiles identified with this background quality control The CORAS dataset not only contains the raw parameters

were confirmed to have at least one bad measurement. Fsuch as temperature, salinity, pressure or depth, as received

nally, in the CORAS3 dataset, quality flags were only modi- from the instrument, it can also include adjusted parameters,

fied for those measurements that were confirmed to be bade. temperature, salinity, pressure or depth corrected from a

after visual check. drift or offset. The data types affected by these adjustments
Figure 9 shows the spatial distribution of suspicious tem-are Argo floats and XBTs. For Argo data, it is the respon-

perature and salinity profiles in 2009. The reasons for errosibility of each DAC to provide data corrections both in real

neous measurements are numerous. They can be due to a séime and delayed mode. The Coriolis data centre, as a GDAC,

sor (pressure, temperature, salinity) defect or ageing, or magathers these corrections and stores raw and adjusted param-

result from transmission errors. These reasons are a priogters in the Coriolis database. No supplementary correction
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GLORYS2VA of Oceanography, USA and WHOI (Woods Hole Oceano-

Location of suspicious T prof. (N=141 )} , year = 2009
i ! L | ! I

graphic Institution), and the PROVOR floats developed
by Martec MetOcean and IFREMER (Institut Francais de
Recherche pour I'Exploitation de la Mer). While PROVOR
and SOLO floats are designed to self-correct any pressure
drift, APEX floats do not make any internal pressure correc-
tion as they return “raw” pressures. For this latter float model,
adjustments are applied both in real time (by the DACs) and
delayed mode (by the PIs) by using the surface pressure val-
ues returned by the float (surface pressure is measured while
the float surfaces and it is assumed to be zero if no sensor drift
exists). However, delayed mode processing is a long-term
task and some floats have not yet been reprocessed. Some
simple diagnostics on the state of corrections for Argo data

o 100 150w somw in the CORAS3 dataset are given in Sect. 4.1.2.

GLORYSZWA
Location of suspicious S prof. (N=155 ), year = 2009
| I 1 I I 1

3.3.2 XBT bias corrections

The XBT system measures the time elapsed since the probe
entered the water and, thus, any inaccuracies in the fall-rate
equation will result in depth errors. A study of Hanawa et
al. (1995), based on comparisons with CTDs, proposed a new
fall-rate equation for some types of XBTs (T-4, T-6, T-7 and
Deep Blue models). In 1995-1996 Sippican and TSK manu-
facturers implemented this new fall-rate equation. However,
other sources of XBT temperature uncertainties and biases
exist (Gouretski and Reseghetti, 2010; Gouretski and Kolter-
mann, 2007). For example, it has been known since the use
of these probes started that the fall rate should depend on the
physical characteristics of seawater like viscosity, tempera-
ture, and density (Thadathil et al., 2002; Kizu et al., 2011). It
Fig. 9. Geographical location of suspicious temperature (top) andwas also suggested early on that the assumption of a terminal
salinity (bottom) profiles diagnosed in 2009 with GLORYS2V1 velocity might not be always correct, in particular in the sur-
quality control. face layer, and, compounded with time constant issues, can
result in a depth offset (although the determination of this
depth offset is not straightforward, as discussed by di Nezio
has been made or applied to the Argo data in the CORA3nd Goni, 2011). Moreover, the weight and hydrodynamic
dataset. On the contrary, corrections for XBT data were cal-characteristics of the probe and/or wire are known to strongly
culated as part of CORA3 data processing. The method isnfluence the fall-rate equation. Seaver and Kuleshov (1982),

o 100°E 160°W S0°W

described in Sect. 3.3.2. for example, indicate that a weight uncertainty of 2 % could
induce an 8.8 m depth error at 750 m. A variety of approaches
3.3.1 Corrections for Argo floats have been used to correct these biases (e.g. Wijffels et al.,

2008; Levitus et al., 2009; Ishii and Kimoto, 2009; Gouret-
For Argo data, the adjusted parameters are salinity and preski and Reseghetti, 2010; Hamon et al., 2012). The correction
sure, which may be adjusted in real time in an automatedapplied on the CORA3 dataset is an application of the statisti-
manner or in delayed mode (see the Argo quality con-cal method described in Hamon et al. (2012). This correction
trol manual, Wong et al., 2012, for more details). Salinity is based on the comparison of XBT profiles with co-localized
is corrected in delayed mode by the principal investigatorreference profiles (CTD). The correction is calculated for
(PI) of the float by comparing the observed value to neigh-each year and divided into two parts: first the computation
bouring historical CTD data (Wong et al., 2003; Boehme of a depth-independent temperature correction (temperature
and Send, 2005; Owens and Wong, 2009). The requireoffset) based on comparisons with reference profiles in the
ment for pressure corrections depends on the float modehear surface layer and then a correction of the depth with
Most of the Argo array is currently comprised of three float a second order polynomial function. For further details of
models: the APEX floats produced by Teledyne Webb Re-this method, the reader should refer to Hamon et al. (2012).
search, the SOLO floats manufactured by Scripps InstitutiorRather than use the coefficients given in Table 2 of Hamon
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et al. (2012), for several reasons, we recompute them. First, Percentage of profiles with a bad quality flag

the CoefﬁCientS given in Hamon et al' (2012) Only gO Up to profiles with bad position profiles with bad date
2007, while we also need them for the last 3 yr of the CORA3 8% 6%

dataset (2008—2010). Second, looking at Fig. 5 in Hamon et ,, v

al. (2012), it appears that the corrections computed for the 4%

2000s are based on fewer collocated pairs than for the year:4*

before. We therefore decided to use not only CTD profiles, . 2%

as in Hamon et al. (2012), but also data from Argo, drifting

and moored buoyS (those Wlth qua“ty ﬂagS l or 2 Only) tO get 0%1990 1995 2000 2005 2010 O%1990 1995 2000 2005 2010
more reference profiles co-localized with XBTs. In this way,

we obtain between 6000 and 16 000 collocated pairs eact , . e Wit bad temperature 1056 Promes vith bad saiinty
year between 2002 and 2010, which is much more than if 5%
only CTDs had been used as reference profiles. We are als®”
. . 6 % .
not certain whether the new Hanawa fall-rate equation was ;
applied for a large proportion of the XBTs in CORAS3. This 4% '
is because information on the XBT model and the fall-rate ** 2% iD
equation applied is missing for many XBT profiles (mainly 005 L= =sllA

before 1995 and for XBT data transmitted through GTS). ~ 1% 1% 2000 2005 2010 1990 1995 2000 2005 2010
We thus chose not to apply the Hanawa fall rate for XBT I unknown [ ] TAO/TRITON PIRATA RAMA
depth computed with the old fall-rate equation (Hanawa et |l [ giers
al., 1995). This differs from Hamon et al. (2012), where the | = Cxt:td = :::mma:un;a';
linear Hanawa correction was first applied when possible. 5 foats E Coastz. andymhermoo,ings
The coefficients computed in our case slightly differ from
those given in Hamon et al. (2012), because they are comgig 10 percentage of the profiles with bad quality flags in CORA3
puted with different reference profiles and because they comas a function of time and data type.
pensate for the fact that we did not apply the Hanawa correc-
tion for a part of XBT profiles.
In the CORA3 dataset, we applied the correction based on
the Hamon et al. (2012) method for all the XBT profiles in ~ As shown in Fig. 10, the percentage of profiles with a
XB, BA and TE files with an instrument type that refers to bad position in the CORA3 dataset is highly variable from
an XBT probe (sesvww.nodc.noaa.gov/IGTSPP/document/ one year to another. For 1999, the percentage of profiles
codetbls/gtsppcode.htinlProfiles in XB files with an un-  with a bad position is close to 8% in the dataset, mainly
known instrument type and no salinity data (to avoid XCTD) due to incorrect positions of TAO/TRITON moorings. To
were also considered as XBT. But profiles with an unknowndate, we have no explanation for this. It should be noted
instrument type in BA or TE files could not be qualified as that TAO/TRITON, PIRATA and RAMA data in the CORA3
XBT since many different instrument types are included in dataset are those received in real time from PMEL and GTS.
these files. These positions are therefore the nominal positions and not
the measured ones. The nominal position can differ signif-
icantly from the measured one if a buoy was not deployed
at exactly the nominal site and/or (but to a lesser extent) be-
cause of the movement of the buoy around the anchor point.
After 2005, the profiles with a bad position are mainly those
411 Overview from some high frequency coastal moorings, p_robably be-
cause they are located very close to the coast, in port or es-

Figure 10 shows the percentage of profiles in the CORA3tuary areas (thus, the position might be real, but detected on
dataset that have bad quality flags (flags 3 or 4) for position)and by the test). Except for 1990, the percentage of profiles
date or for at least 75 % of temperature or salinity measureWwith a bad date is lower than 1% in CORA3. The percent-
ments. To produce these statistics, the best profile availabl@ge of bad temperature profiles ranges between 1 and 3%
is used, meaning that if temperature or salinity has been corwhile the percentage of bad salinity profiles is lower than
rected in de|ayed mode (for Argo and XBT data)’ then thez% before 2003 and ranges between 2 and 8 % afterwards.
adjusted profile and associated quality flags are taken intd\fter 2003, a large proportion of salinity profiles were ob-
account instead of the raw profile. tained from Argo floats. The percentage of bad salinity pro-
files among Argo floats is quite high, mainly because of a
problem encountered with one float type (see the next sub-
section for more details). However, the percentage of bad

4 CORAZ3 diagnostics

4.1 Quality and known data issues
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salinity profiles among Argo floats started to be lower after Percentage of float profiles with a bad quality flag
2007, once the problem was discovered and resolved. In the |, Profieswith bad positon - profiles with bad date
CORA3 dataset, the percentage of profiles with bad salin- 0%

ity data is still high after 2007 mainly because of data from 15%

coastal moorings. The quality of these high frequency moor- *°* 11w

ings is difficult to evaluate with the tools we developed, as 4%

many of them are located in areas influenced by tides or es-02% H ﬂ H 0-5% H
tuarine processes and thus salinity measurements are ver g o =1 0% HHEHQDH

: . 99 2000 200! 2010 1995 2000 2005 2010
different from open-ocean climatology. As a consequence, °%° °

while running our tests, we get thousands of alerts Coming o rones 1 bad temperature 15 96— Fores Wi bed sally
from some of these high frequency moorings. As it is not

possible to visualize them one by one, we took the decision 4% 10%

to flag as bad all the data from coastal high frequency moor- N

ings with an alert. We are now working on more appropriate 2% 5% m(s

tests for this type of data. H H@@ HE%::

0% 0%
1995 2000 2005 2010 1995 2000 2005 2010

[ ] PROVOR-ARVOR

[ ] APEX(J with TNPD)
[ ] soLo (T with Fsl sensor)
[ ]nemo

[ ninoa

4.1.2 The special case of Argo floats

Since the beginning of the Argo program, several data prob-
lems have been identified and corrections have been madi
or are in progress in each DAC. As a consequence, the Argc
database is constantly evolving — even for the data acquirec
some years ago — as some floats can be reprocessed a long

time after data acquisition (1-2 yr on average). The most up_Flg. 11.Percentage of the Argo profiles with bad quality flags as a

to-date Argo database is on the GDAC ftp servers. There-funCt'On of time.
fore, it is important to have in mind that, for Argo data, the
CORAS dataset reflects the status of the Argo database on thgosition errors for these floats are justified needs to be in-
GDAC ftp servers at the date of data retrievals (mid-2010 forvestigated further. The percentage of Argo profiles with a
data that span 1990-2009 and March 2011 for the year 2010pad date increased after 2007, reaching up to 2%. A large
These data were rechecked during the validation phase gbroportion of Argo profiles with bad temperatures and bad
CORAB3 (as described in Sect. 3) to improve the data qualitysalinities originate from SOLO floats (mainly WHOI SOLO
in a homogeneous way, but no supplementary data corredloats with FSI CTD sensors). At the beginning of the year
tion was applied. Some simple diagnostics about Argo dat&2007, a large number of SOLO FSI floats were found to have
quality and state of corrections in the CORA3 dataset area pressure offset due to a software error. In the aggregate, the
therefore highly necessary. WHOI FSI floats resulted in a cold bias. The problem was
For the CORA3 dataset, the adjusted parameters for Argadentified and, by the end of 2007, corrections were put on
data are those received at the GDAC at the date of the rethe GDACs for some of these floats (39), while the uncor-
trieval. In the CORA3 dataset, about 75 % of Argo float pro- rectable floats (165) were grey-listed (i.e. pressure measure-
files are adjusted for pressure and/or salinity (63 % in delayednents flagged as bad data). We checked that the grey list was
mode and 12 % in real time, automatically). applied to the CORAS dataset. Finally, about 87 % of the pro-
Figure 11 shows the percentage of Argo profiles that havdiles from SOLO floats with FSI sensors are unusable in the
a bad quality flag either for position, date or at least 75 % of CORA3 dataset because the position, the date, the pressures
temperature or salinity measurements. The different colour®r the temperatures have been flagged as bad.
indicate the different float models (mainly APEX, SOLO and There have been various other issues with the pressure
PROVOR). Most of the floats are fitted with SBE (Seabird measurements, reported at different times. By mid-2002,
Electronics, Inc.) CTD sensors, while a smaller number, de-SBE had chosen to install pressure sensors from Druck Cor-
ployed mostly by WHOI, are fitted with FSI (Falmouth Sci- poration in all of their CTDs, mainly because of their stabil-
entific Instruments) sensors. Argo profiles with a bad po-ity. However, in early 2009, a problem was found with the
sition represent less than 1% of the total number of ArgoDruck pressure sensor. It revealed an increase in the occur-
profiles. However, during the 2004—-2006 period, there wererence rate of floats exhibiting negative surface pressures for
higher numbers of floats with position errors than the otherfloats deployed in 2007 and after (3 % prior to 2007 and 25—
years. Looking at these floats, most of them (80 %) are han35 % after 2007, Barker et al., 2009). This problem was es-
dled by the Indian DAC (Indian National Center for Ocean pecially critical for APEX floats, which do not make any in-
Information Services — INCOIS), and their position flags ternal pressure correction (contrary to SOLO and PROVOR
are set during their real-time controls. Whether or not thefloats). Moreover, at that time, most of the DACs were not
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correcting the pressure of APEX floats (by using the mea- Distribution of the pressure corrections for APEX floats in CORA3
sured surface pressure), either in real time or in delayedzgggzﬂ o IR ]
mode. Indeed, most of them only started to apply such apres ool R - o o
sure correction during 2009. 200000 U L]
However, some APEX floats are uncorrectable, either be- so00 i i ‘ ‘
cause essential technical information is missing or because sl : 1 1
the surface pressure is not known. Indeed, some versions 0 ;! .
the software that controls APEX floats (APF 8 and earlier '
controller board versions) were set to report only positive
surface pressures and to truncate negative surface pressuri o L
to zero. In this case, if the pressure sensor drifts toward neg-  -15 -10 -5
ative values, the reported surface pressure is always zero an
thus the float is uncorrectable. Truncated negative pressure
drift (TNPD) refers to the part of these float time series from ‘ e e
which surface pressure continuously reads zero without re- 5 23’\" -’:‘u@w—”—%’ o
verting back to positive values for at least 6 months. In de- : - SR i
layed mode, the float Pls are asked to flag the data (TEMP, e ”‘%‘ :
t & k\}% - o s,

2000 ............. , ............ ............
1000 :

dbar
Pressure corrections for correctable APEX profiles in CORA3

PRES and PSAL) of TNPD floats as bad (flag 4) when float
data show observable temperature and salinity anomalies tha
are consistent with increasingly negative pressure drift, and i

to flag the data of TNPD floats as probably good (flag 2) _50;“
otherwise (see the Argo quality control manual, Wong et al.,
2012, for more details). Following the method described in — ‘
the Argo quality control manual (Wong et al., 2012), we -150  -100
could identify 100 955 profiles with TNPD (about 20 % of
all APEX floats profiles) in the CORA3 dataset. We did not

Fig. 12. (Top) Distribution of the pressure corrections for APEX

erform specific quality checks for these profiles. but a fraC_float profiles that are adjusted (either in delayed mode or in real
p P q Yy P ! time) in CORA3 and (bottom) geographical distribution of these

tion _Of them has been already ﬂggged a}s ba.d- thanks to th@orrections (in dbar). Most of the corrections are for positive bias
previous tests: among all the profiles we identified as TNPD ot the pressure sensor as cases of negative bias are truncated to zero
about 13 % are flagged as bad either for pressure, temperggr Apf-8 and earlier versions of controller. Negative bias started to
ture or salinity. However, only severe negative pressure driftsse correctable with the Apf-9 version.
show observable temperature and salinity anomalies (an er-
ror of —20 dbar would cause a positive salinity error of ap-
proximately 0.01 PSS-78). Barker et al. (2011) estimated &4.2 Global ocean indicators
median error of-3 dbar for all TNPD profiles that can be
compared with a close good profile. As a consequence theceanic parameters from in-situ temperature and salinity
recommended that all the TNPD floats be excluded frommeasurements can be useful for analysing the physical state
studies of oceanic heat content and decadal changes. In the# the global ocean and have a large range of vital appli-
CORAZ3 dataset 13 % of TNPD floats are flagged as 4, meaneations in the multidisciplinary fields of climate research
ing that probably only the most severe negative drifts havestudies. In particular, the estimation of GSSL is an impor-
been caught. The list of TNPD floats identified in the CORA3 tant aspect of the analysis of climate change, as one of
dataset is provided, along with the CORAZ3 files. the most alarming consequences of anthropogenic climate
Figure 12 illustrates the state of correction for APEX float change is the effect on globally averaged sea level (Bindoff
profiles that are correctable in CORA3 (not TNPD and with et al., 2007). Recent studies have shown that about 30-50 %
sufficient information and surface pressure data). Amongof global sea level rise can be explained by steric changes
them, about 27 % are not corrected and 23 % have a correq‘Cazenave and Llovel, 2010; Church et al., 2011; Hansen et
tion equal to zero. In the latter case, this could be because thal., 2011). Thus, the rise of GSSL contributes to a large part
float does not need any pressure correction or, more probae global sea level rise.
bly, because the float has been processed in delayed mode butSeveral GSSL estimations based on Argo and/or other in-
only for the salinity parameter. The geographical distributionsitu observations have been derived over the past couple of
of the corrections can be compared to the Fig. 5 of Barker etears (e.g. Willis et al., 2008; Cazenave et al., 2009; Leuliette
al. (2011). In CORAS3, more profiles are corrected for a pres-and Miller, 2009; von Schuckmann et al., 2009a, b; Cazenave
sure drift than in the GDAC Argo dataset as of January 2009and Llovel, 2010; Church et al., 2011; Hansen et al., 2011,
However, a substantial amount of APEX profiles in CORA3 von Schuckmann and Le Traon, 2011). However, there are
is still in need of pressure correction. substantial differences in these global statistical analyses.

Ocean Sci., 9, 148, 2013 Www.ocean-sci.net/9/1/2013/



C. Cabanes et al.: The CORA dataset 15

STERIC HEIGHT the CORAS dataset are compared to those of von Schuck-
‘ ‘ ‘ mann and Le Traon (2011) in Fig. 13.

Using the CORAS dataset, the 6-year GSSL trend is
0.64+0.12mmyr ! (or 0.58+0.10 mmyr ! keeping only
Argo data) and lies within the error bars of the von Schuck-
mann and Le Traon (2011) estimates. Although encouraging,
there can be several explanations for this quite good agree-
ment. One of the reasons is that the method used to compute

06

05+

04

03

02r-

= /\ N\
XTI o R R Y ULV Y - the GSSL is robust and not very sensitive to any bad data
ol 2L B 21 NEEEE N that possibly remains in our dataset. Another reason is the
1) q v A R possible compensatory effect in our GSSL estimate of some
' \\f VA ‘ J— residual positive and negative biases. For example, Barker

02 ; e ? CORAS Argo datmonly |77+ et al. (2011) noted that negative biases from uncorrectable
— (and other unusable) APEX profiles nearly compensate pos-

‘ ‘ ‘ ‘ ‘ itive biases from correctable (but not yet corrected) APEX

2009 2007 2008 2009 2010 profiles in the global 0700 m thermosteric sea level. Fur-

Fig. 13.Estimation of GSSL for the year 2005-2010 with a 1500 m ther careful comparisons and sensitivity studies are therefore

reference depth. The calculation is based on a simple box averneeded to estimate GSSL with the CORA3 dataset and the

aging method described in von Scuckmann and Le Traon (2011users should be aware of these limitations.

(VST2011). Results obtained with CORA3 (red and green curves)

are compared to those obtained by VST2011. The 6-yr trends ob-

tained are B4+0.12mm yr ! with CORA3 (058+0.10mmyr! 5 oo lusion and directions for future work

for CORA3 with only Argo data) and.69=+0.14mmyr L for

VST2011. Error bars (red areas) are shown for CORAS3 (all data)

and are calculated as described in VST2011.This total error include: . . - . ..
the uncertainties on the averaged parameter in everyBP x 3- fts links with the Coriolis database (which conditions the

month box and the choice of the reference climatology, but it doesdata sources as well as real- and near-real-time quality con-

not take into account possible unknown systematic measuremerff0lS) and the supplementary validation procedure applied to
errors. recheck the CORA3 dataset as a whole. This validation step

relies on statistical tests designed to isolate suspicious pro-
files. Such profiles are then visually checked and quality flags
are modified if judged necessary. No validation systemis per-
These inconsistencies have been mainly attributed to differfect, and it was necessary to deal with the number of suspi-
ences in estimation periods, instrumental biases, quality coneious profiles scrutinized, as this can rapidly become time-
trol and processing issues, the role of salinity and the influ-consuming. However, human intervention was found to be
ence of the reference depth for GSSL calculations (Leuli-required both to avoid rejecting to much good data or leaving
ette and Miller, 2009; Trenberth, 2010; Purkey and Johnsonsome gross errors. When checking a large amount of profiles
2010; Palmer et al., 2011; Meehl et al., 2011; Trenberth andver the global ocean, there is the possibility that we flagged
Fasullo, 2010). In particular, GSSL from in-situ data remainsan observation as bad whereas a regional expert would have
a considerable challenge, as long-term trend estimations dEft it as good or vice-versa. Our general approach was not to
global quantities are very sensitive to any sensor drift or sysflag a measurement as bad if we had some doubts, meaning
tematic instrumental bias. that if the visual checks performed on the profile (comparison
Von Schuckman and Le Traon (2011) have proposed do climatology and neighbouring profiles) were not sufficient
method to evaluate GSSL from irregularly distributed pro- to decide if it was good or not, we left the flags unchanged.
files. They divide the ocean into boxes 6&fl&titude, 10 lon- In the same way, quality flags of Argo profiles already pro-
gitude and 3 month size. The mean for each box is then estieessed in delayed mode by the Pls were generally not mod-
mated using a weighted averaging method based on the andfied except if an error was obvious. Statistical tests could
ysis of Bretherton et al. (1976). In their study, von Schuck- also be improved, especially in some regions (e.g. Southern
man and Le Traon only used the Argo dataset downloadedcean) or for certain types of data (e.g. coastal moorings).
from the Coriolis data centre and rechecked it to reach the Background quality control based on the global ocean re-
quality level required by climate change studies. In this pa-analysis GLORYS2V1 was implemented for this version of
per we used their box averaging method to evaluate GSSICORA. It proved to be a powerful tool to improve the quality
with the CORA3 dataset (using flag 1 and 2 only, i.e. goodof in-situ observation datasets. It also highlighted the mu-
or probably good data) for the time period 2005-2010, i.e. atual benefits that data centres and operational forecasting
time period where global coverage is guaranteed mainly dueentres can have when working closely together: improve-
to the global Argo observation array. Results obtained withment of delayed time observation datasets and consequent

-0.3

-04

This paper was intended to present the CORA3 dataset,
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improvements in ocean reanalysis quality. Such feedbacl
from modellers will be sought in the future, particularly in
the framework of the MyOceanll project.

The delivery of a global dataset such as CORA3 should be
accompanied by supporting documentation sufficient to al-
low different types of users to evaluate if the dataset can meet
their own needs (those needs can differ if they intend to userne publication of this article is financed by CNRS-INSU.
the database, for example, in global reanalysis projects, to
study a specific region or to monitor global oceanic changes).

For this purpose, we developed a series of simple diagnosReferences

tics to monitor data quantity and coverage and data quality.

In terms of data quantity, a better coverage of the Europearntonov, J. I., Locarnini, R. A., Boyer, T. P., Mishonov, A. V.,
seas will be done in partnership with the MyOceanll in-situ  and Garcia, H. E.: World Ocean Atlas 2005, Volume 2, Salinity,
thematic assembly centre partners and the SeaDataNetll FP7 edited by: Levitus, S., NOAA Atlas NESDIS 62, US Government
project. In terms of data quality, it appears to us that it is cru- Printing Office, Washington, DC, 182 pp., 2006. _

cial to deliver sufficient information to help users evaluate Antonov, J. 1., Seidov, D., Boyer, T. P, Locarnini, R. A., Mishonov,

the state of corrections for known instrumental biases, drifts A. V., Garcia, H. E., Baranova, O. K., Zweng, M. M., and John-
' son, D. R.: World Ocean Atlas 2009, Volume 2: Salinity, edited

or problems in the dgtaset. In this paper, we have mainly by: Levitus, S., NOAA Atlas NESDIS 69, US Government Print-

focussed on known biases or problems for Argo floats for ing Office, Washington, DC, 184 pp., 2010.

which corrections have been made or are in progress. Futurgarker, P. M., Dunn, J. R., Domingues, C. M., and Wijffels, S.

versions of CORA will include more data reprocessed in de- E.: Pressure Sensor Drifts in Argo and Their Impacts, J. Atmos.

layed mode by the originators (e.g. TAO/TRITON, PIRATA  Ocean. Tech., 28, 1036-1049, 2011.

and RAMA moorings or sea mammal data). Bindoff, N. L., Willebrand, J., Artale, V., Cazenave, A., Gregory,

The use of GOIs such as GSSL to evaluate the quality of J.. Gulev, S., Hanawa, K., Le @, C., Levitus, S., Nojiri, Y.,

a global dataset is interesting. In our case, this allows us to Shum, C. K., Talley, L. D., and Unnikrishnan, A.: Observations:

check the efficiency of our validation procedure compared 9¢éanic Climate Change and Sea Level, in: Climate Change

to the one used in von Schuckmann and Le Traon (2011). 2007: The Physical Science Basis, Contribution of Working

However, this does not exclude the possibility that there are Group | to the Fourth Assessment Report of the Intergovern-

. ! . . . mental Panel on Climate Change, edited by: Solomon, S., Qin,
still u_qknown dlflftS and/or b|as§s pr_esent in the data. Furthgr D., Manning, M., Chen, Z., Marquis, M., Averyt, K. B., Tignor,
sensitivity studies on GOI estimations need to be made in \. and Mmiller, H. L., Cambridge University Press, Cambridge,

future studies to improve, and ultimately fully implement,  yunited Kingdom and New York, NY, USA, 2007.

this type of global ocean quality control in the in-situ data Boyer, T. P., Antonov, J. I., Baranova, O. K., Garcia, H. E., Johnson,

validation procedure. D. R., Locarnini, R. A., Mishonov, A. V., O'Brien, T. D., Seidov,
D., Smolyar, I. V., and Zweng, M. M.: World Ocean Database
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