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1. Introduction.  
 
Automated quality control (QC) checks are described in von Schuckmann et al., 2010 
to deliver a guidance during the real-time (RT) QC procedures within MyOcean. In 
the next step, an agreement on delayed mode (DM) QC needs to be worked out and 
to apply during the validation process. This draft will contribute to the guidance of 
validation procedures within MyOcean.  
 
Under the task ‘Research and Development’ several validation methods for in-situ 
data have been developed. To ensure the delivery of high quality data during the 
validation procedure, several ancillary conditions have to be taken into account, 
amongst others physical and dynamical background conditions and instrumental 
specifications. Therefore, validation procedures are developed for a global scale 
application, then specified for some instrument types and finally focused on regional 
applications.   
 
For the global application, validation methods as applied by the Coriolis data center 
(www.coriolis.eu.org) will be introduced. The role of the Coriolis data centre is to 
collect, control and distribute in-situ data for operational oceanography. The data 
controlled are mainly: 
 

 Temperature and salinity from XBT, CTD, Argo floats, buoys and moorings 
 Sea surface temperature and salinity from thermosalinographs, Argo floats 

and buoys. 
 

In addition, the Coriolis data center is a data assembly center (DAC) for French and 
European Argo floats.  
 
[…] 
 
 
However, in the following, validation methods will be described. First, DMQC 
procedures for Argo, CTD and XBT data and time series on global scale will be 
presented. Then, specifications for different instrument types are presented (Glider 
Data, …). Finally, regional validation methods are introduced. 
 
 
 
2. Validation methods on global scales 
 
2.1 Comparison to a climatology 
 
Two methods have been developed to compare the global in-situ data to a reference 
climatology. These methods allow to detect gross errors and large deviations in the 
field which could be not detected with the methods during the RTQC nor during the 
CVQC. In addition, a method developed during the project ECOOP (Tamm and 
Soetje, 2009) for regional applications is presented here, which is not used at Coriolis 
– but could be probably applied within MyOcean. 
 
 



 4

2.1.1 Objective analysis and residual analysis.  
 
An objective analysis based on optimal estimation methods (Bretherton et al., 1976) 
is performed on the global ocean with all data available including Argo floats, XBT, 
CTD, drifters and fixed point stations. Residuals between the raw data and the 
gridded field are computed by the analysis and are then screened to detect gross 
errors (big differences between the fields). The resulting alerts are then checked 
visually. This method combines the advantage of a collocation method since it takes 
into account all neighbouring sensors, and the comparison with a climatology.  
 
 

                             Example of the objective analysis method for a salinity field, gross 
                             errors are marked with red circles, respectively. 
 
 
2.1.2 Anomaly method  
 
Anomalous Argo temperature and salinity profiles are detected by comparing all 
profiles against different climatologies, namely ARIVO (2003-2008, von Schuckmann 
et al., 2009), the World Ocean Atlas 2005 (1955-1998, WOA05, Locarnini et al., 
2006; Antonov et al., 2006), as well as a gridded field of all the CORIOLIS data 
obtained during 3 months before the measurement. The profiles are alerted if the 
calculated bias from the anomalies is greater than 5 standard deviations of the 
ARIVO climatology. The method will finally produce an alert map showing the 
location of the profile and as well as a plot of the profile itself. This method is applied 
after the objective mapping method introduced in section 3.1. The difference of this 
method to the first one lies in the fact, that here an alert is given only if a minimum of 
50% of the data points lie outside the defined ranges. With this method, deviations 
can be detected which are smaller compared to those alerted in the objective 
mapping method of section 3.1.  
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Example for one output from the analysis method. The map shows the location of the alerted 
profiles (pink dots), and the right panel shows an example for one alerted profile, together 
with the reference fields. 
 
 
2.2 Comparison with altimetry. 
 
Satellite altimeter measurements are used to check the quality of the Argo profiling 
floats time series. The method is described in Guinehut et al., 2009 and compares 
collocated sea level anomalies from altimeter measurements and dynamic height 
anomalies calculated from Argo temperature and salinity profiles for each Argo float 
time series. Different kinds of anomalies (sensor drift, bias, spikes, etc.) have been 
identified on some real-time but also delayed-mode Argo floats. About 4% of the 
floats should probably not be used until they are carefully checked and reprocessed 
by the principal investigators (PIs). The method appears to be very complementary to 
the existing quality control checks performed in real time or delayed mode. It could 
also be used to quantify the impact of the adjustments made in delayed mode on the 
pressure, temperature, and salinity fields.  
 
For this study, when available, delayed-mode fields are preferred to realtime ones 
and only measurements having pressure, temperature, and salinity observations 
considered ‘‘good’’ (i.e., with a quality flag numerical grade of ‘‘1’’) are used. The 
altimeter data used are Archiving, Validation, and Interpretation of Satellite 
Oceanographic data (AVISO) combined products, which provide maps of SLA 
obtained from an optimal combination of all available satellite altimeters (AVISO 
2008). Dynamic heights relative to 900-m depth are first calculated from Argo 
pressure, temperature, and salinity profiles. The 900-m depth is chosen to keep the 
maximum of profiles in the open ocean, as many floats do not profile deeper than 
1000 m, particularly at low latitudes due to technical limitations. If the reference depth 
is taken to be at 1000-m depth, the number of profiles is reduced by 16.6%. 
Furthermore, the method could be easily extended to other reference levels in order 

Argo 

alert  

obj. ma. 

WOA05 

ARIVO 
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to check the quality of the subset of floats that are drifting at lower levels, like the 
Mediterranean ones. Next, to calculate dynamic height anomalies consistent with 
altimeter SLA, a contemporaneous Argo climatology is used as the mean dynamic 
height. To compare SLA and DHA, SLA maps are then interpolated to the time and 
location of each in situ DHA measurement using a linear space/time interpolation. 
Finally, general statistics between the two datasets (correlation coefficient, rms of the 
differences) are generated for each Argo float time series. They are then compared 
to a priori knowledge of these statistics. Finally, those profiles are alerted where 
rms(SLA-DHA)/rms(sla)*100 < 30%.  
 

 
 
SLA and DHA time series for three floats (cm). The positions of each float are also indicated, 
the blue cross corresponding to the deployment position, and the red cross to its last 
reported position. 
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2.3 Argo floats inter-comparison to complement existing DMQC. 
 
The objective was to implement a new and complementary method for Argo float 
quality control, based on floats inter-comparison. Every Argo profile is then compared 
to neighbouring floats available during the same period. The frame of the 
interpolation is derived from the method of Owens and Wong (OW, V1.0) used by 
PI’s for delayed mode corrections (Wong et al., 2003; Böhme and Send, 2005; 
Owens and Wong, 2009), which has been adapted in order to compare float tested 
measurements with data from neighbouring floats. 
 
The results of this comparison are complementary to the classic OW method, in 
which the reference database is build from historical CTDs.  This new method is then 
useful in regions of poor historical CTD covering, like for instance the Antarctic 
region. Furthermore, the method has been adapted in order to be run in near realtime 
and quasi-automatic mode: a salinity deviation ∆S is computed for each profile by 
averaging the differences between observed and interpolated salinity over the 10 
most stable θ levels (those where salinity variance is the lowest).  
 
This method has been applied to 210 Argo floats in the North Atlantic, for which PIs 
have already performed delayed mode analysis with the classic method. The figure 
below shows the difference between the ∆S proposed by the new method and the 
salinity corrections proposed by PIs. Generally the two methods are in quite good 
agreement.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Difference between the salinity adjusted with the new method and the salinity adjusted by the 
PIs for 210 floats in the North Atlantic in 2004 
 



 8

2.4 Visual quality control.  
 
A visual QC is performed by an operator on all profiles with bad or probably bad data. 
This procedure is performed on all in-situ measurements which are on alert after the 
application of the validation prcedures described in section 2-4. The main functions 
performed at the Coriolis Visual Quality Control (CVQC) are: 
 

 Display the profiles of a station 
 Change profile quality flags 
 Compare current profile to neighbouring profiles 
 Display ancillary information of a station, meta-data 
 Control of platform speed 
 Control of the density profile 
 Display of T/S diagrams 

 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
           CVQC: visual quality control for an Argo float (temperature and salinity vertical     
           profile). The profile is compared with the climatology and associated standard    
          deviation. 
 
The Coriolis Visual Quality Control manual is available at: 
http://www.coriolis.eu.org/coriolis/cdc/documents/cordo-dsf-02-122.pdf 
 
Suggestions, what could be added to this CVQC: 
 

• scatter plot (e.g. all temperature measurements of one platform)   
SeaDataNet  

• plot of potential density instead of density 
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3. Validation methods developed for special instrument types 
 
    3.1 Glider data 
    
    3.2 Ferrybox data 
     
    3.3 Time series 
 
 
4. Validation methods on regional scales 
 
The two methods described in section 3.1 and 3.2 are based on global climatologies 
such as WOA05 and ARIVO which describe mainly the mean state of the global 
ocean. For regional applications, more precise climatologies have been developed 
(e.g.  MEDAR/MEDATLAS for T and S in the Mediteranean, etc.). Consequently, 
DMQC which make use of climatology-comparisons need to be specified for regional 
applications. As mentioned before, this is not applied at the Coriolis data center. 
Under the project ECCOP (Tamm and Soetje, 2009) a QC procedure including 
comparisons to regional climatologies is introduced. Within this method, each 
numerical value is compared to a climatology. The comparison of the data values 
against a climatology can be seen as a more narrow range check. For each clearly 
defined subdomain, a climatology need to be selected. The comparison can be 
performed by selecting the nearest mean statistic profile of the same month and the 
standard deviation. Then an interpolation of the reference profile and the standard 
deviation at the observed pressure level is evaluated. Recalling the bottom sounding 
depth leads to the accepted range (MEDAR/MEDATLAS): 
 
bottom depth <= 200             range = 5 x standard deviation 
200 < bottom depth <= 400  range = 4 x standard deviation 
400 < bottom depth              range = 3 x standard deviation 
 
Additional comments to implement a regional application within MyOcean:  
Regional criteria have to be defined and agreed and a climatology need to be 
selected for each subdomain (maybe climatologies from SeaDataNet?). 
 
4.1 South-Western-Shelves 
 
In-situ temperature and salinity data are collected and quality controlled at the Data 
Centre for French Coastal Operational Oceanography (CDOCO). Currently, several 
types of measurements are produced in the South-Western Shelves region. These 
include the data-recording network of fishing activity  delivering temperature and 
salinity by CTD sensors on trawls and traps (Recopesca); the Marel network and 
MOLIT buoy which perform automated acquisition and transmission of temperature 
and salinity data; the islands network where temperature and salinity data are 
measured on 4 islands of the northern Bay of Biscay and finally drifting buoys. The 
goals of CDOCO are to provide operational data delivering services to the actors and 
users of coastal operational oceanography (PREVIMER); to develop partnerships 
with the data producers and the data users and to develop the operational structure 
for data management (monitoring of the system, catalogues of data and products, 
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definition of format, automatic and manual data collection, quality checks, archiving 
and distribution).  
 
Real time quality control (RTQC) procedures are currently applied on this in-situ data. 
Several automated checks are applied. The data are then flagged after the schema 
introduced in von Schuckmann et al., 2010. After the automated objective checks, 
validation methods are performed which will be introduced below. 
[…] 
 
4.1.1 Visual quality control 
 
Different to the validation procedure performed at Corioilis data center for global 
applications, the visual quality control at CDOCO is conducted directly after the 
automated RTQC. The visual quality control is due to the provided standards by the 
Coriolis data centre and described in section 2.4.The quality flag can be subject to 
changes during this validation procedure.  
[…] 
 
4.1.2 Comparison to a climatology 
 
This validation method is under development. The procedure itself is similar to the 
method of ECOOP (see above), where the accepted range scale here is 3*STD. 
Currently, the Levitus World Ocean Atlas is used as reference. Future plans include 
to replace this reference by a regional climatology, i.e. BobbyClim for the Soth-
Western-Shelves.   
[…] 
 
4.1.3 Objective analysis and residual analysis 
  
The coastal data of the SWS undergo the objective analysis and residual analysis as 
performed by the CORIOLIS (see section 2.1.1). 
[…] 
 
 
 
4.2 North-Western-Shelves and Baltic Sea 
 
          4.2.1 Visual quality control 
 
          4.2.2 Comparison to a climatology 
 
          4.2.3 Comparison to a climatology 
 
 
 4.3 Mediterranean Sea 
 
          4.3.1 Visual quality control 
 
          4.3.2 Comparison to a climatology 
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          4.3.3 Comparison to a climatology 
 
 
4.4 Arctic Sea 
 
          4.4.1 Visual quality control 
 
          4.4.2 Comparison to a climatology 
 
          4.4.3 Comparison to a climatology 
 
 
    4.5 Black Sea 
 
          4.5.1 Visual quality control 
 
          4.5.2 Comparison to a climatology 
 
          4.5.3 Comparison to a climatology 
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