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1. ).42/$5#4)/. 

This document describes the methodology used for the update of the CTD reference database (CTD-RDB) for 
salinity Delayed-Mode Quality Control (DMQC) of Argo floats in the Nordic Seas. The resulting data is included 
in the latest release of the database (2019v01, October 2019). The DMQC procedures are described in the 
deliverable D.4.3.1 Report on Delayed-Mode processing on the MOCCA fleet, and the partners responsible for 
their execution are listed in deliverable D4.1.1 Organization of Float Data Management among DAC and DM-
operators. 
 
BSH is responsible for the DMQC of the MOCCA fleet and MOCCA cofounded floats operating in the Nordic 
Seas, which is one of the regions selected for the expansion of the Argo observation system into marginal Seas 
and high latitudes. Figure 1 shows the Argo profile density in the Nordic Seas, which concentrates on the four 
deep basins: Greenland Sea (GS), Lofoten Basin (LB), Norwegian Basin (NB), and Iceland Sea (IS). 
 
The report is organized as follows. In Section 2, we present an overview of the purpose and requirements of 
the CTD-RDB, as well as the procedures currently implemented for its maintenance. In Section 3 we introduce 
the region of interest and in Section 4 we present the status of the database for the Nordic Seas in the 2018V02 
version. In Section 5, we outline the actions performed for the update, followed by a detailed description of 
the data sources and the preparation procedures in Section 6. In Section 7, we specify the procedures for data 
merging and post-processing. In Section 8, we present the characteristics of the resulting regionally updated 
version of the CTD-RDB. The report concludes with a brief outlook on the remaining tasks to further improving 
the CTD-RDB at both regional and global levels. 
 

 
Figure 1 Number of Argo profiles per 2-degree square bin in the Nordic Seas (up to 01 June 2020)  

The deep-water basins are shown in black contours, following Latarius and Quadfasel (2010). 

  



2. #4$Ȥ2%&%2%.#% $!4!"!3% &/2 3!,).)49 $-1# 

Data collected by Argo floats undergo a strict DMQC procedure to ensure their scientific quality. The guidelines 
for the DMQC, as provided by the Argo Data Management Team, are ŘƻŎǳƳŜƴǘŜŘ ƛƴ ǘƘŜ !ǊƎƻ ǳǎŜǊΩǎ Ƴŀƴǳŀƭ 
v3.23 and the Argo quality control manual for CTD and trajectory data v3.14.  
 
In particular, the salinity data is carefully screened looking for artificial trends and offsets, which result from 
instrumental drifts in the conductivity sensor. Using the method described in Owens and Wong (2009) and 
improved by Cabanes et al. (2016), hereafter referred to as the OWC method, DMQC operators identify such 
salinity errors and correct them when possible. 
  
The OWC method uses historical hydrographic data to estimate a climatological reference salinity for the 
ŦƭƻŀǘΩs positions and times using objective mapping. Therefore, an appropriate correction requires reference 
databases with a temporal and spatial coverage that allows a realistic estimate of such reference, making it 
possible to distinguish between the signal corresponding to natural variability and sensor drift.  
 
Currently, the Coriolis/Ifremer team for operational oceanography centrally maintains a global CTD-RDB, 
available to DMQC operators via a password-protected FTP server, which is updated at least once a year using 
data obtained through downstream services and directly from scientists. The 2018V02 version of the CTD-RDB 
was the current version at the beginning of the activities covered by this report. 
 

  Data 

According to the requirements of the OWC method for Salinity DMQC, the CTD-RDB profiles are delivered as 
a set of Matlab files. Each one contains CTD profiles inside one of the World Meteorological Organization 
(WMO) squares/boxes, defined in a 10° latitude x 10° longitude grid (Figure 2), and are named accordingly 
(e.g. the file ctd_7600.mat contains profiles inside the WMO box 7600). Each mat file contains n profiles and 
the information is stored in vector and matrix variables (Table 1).  
 
The vector variables contain the metadata for each profile: timestamp (dates) and geographical position (lon 
and lat), plus two internal identifiers: source, a profile ID code, and qclevel, a code referring to the original 
database from which the profiles where obtained. The qclevel variable is not used by the OWC method but 
was introduced to provide information about the quality level of the CTD profiles, according to their original 
data provider, back in CTD-RDB 2016v01. Profiles already present before this update were assigned with a 
qclevel = COR as default value5. The codes used are listed in Table 1. 
 
The matrix variables contain the profile data, with samples stored in rows and profiles in columns. As the 
profiles have a different number of samples, the number of rows (m) is determined by the profile with the 
largest number of samples. For profiles with fewer samples, the extra rows are filled with NaNs. 
 

 
 
3 http://dx.doi.org/10.13155/29825 
4 http://dx.doi.org/10.13155/33951 
5 Personal communication w. Christine Coatanoan. 

http://dx.doi.org/10.13155/29825
http://dx.doi.org/10.13155/33951


 
Figure 2 World Meteorological Organization 10-degree boxes. 

 
 

Table 1 CTD-RDB content 

 

   

Class Variable Size Type Format / unit Details 

Metadata dates 1 x n double yyyymmdd 
HHMMSS 

  

Metadata lat 1 x n double  Degrees   

Metadata lon 1 x n double -180° to 180°   

Metadata 
ID 

qclevel 1 x n cell Original 
database 
code 

Following codes are used in the Nordic seas:  
COR (Coriolis), OCL (Ocean  Climate  Library ς 
World Ocean Database), CCH (CLIVAR and 
Carbon Hydrographic Data Office - CCHDO) and 
SPI (Scientist, Principal Investigator) 

Metadata 
ID  

source 1 x n cell Codes - COR: internal station ID. Ex. 11088883 

- CHH: cruise name. Ex. 77DN19910726 

- SPI: cruise ID and station number. 

rr17d0049_001 

Data pres m x n double dbar   

Data temp m x n double °C ITS90   

Data ptemp m x n double °C rel to 0 
dbar 

  

Data sal m x n double PSS-78   



  CTD selection criteria  

Section 4.5 of the Argo Quality Control Manual for CTD and Trajectory Data version 3.1 prescribes the CTD-
RDB selection, aggregation, and quality control procedures.  Table 2 shows the complete list of requirements 
along with details about how the procedures are currently implemented and possible improvement actions. 
 

Table 2 Profile selection criteria for the CTD-RDB 

Argo QC manual criteria Implemented?  Obs. Improvement actions 

1). Use only data that have 
passed all NODC6 quality control 
tests for observed level data. 

YES Originators 
flags and other 
quality controls 
are used 

 

2). Use all country codes. YES   

3). Use only profiles that sampled 
deeper than 900 dbar. 

YES Invalid samples 
may be present 
deeper than 
900 dbar, 
making some 
profiles useless 
for OWC. 

-Remove invalid samples, defined 
as those with any Data variable 
equal to NaN. 
-Afterwards, check if the profile is 
still deeper than 900 dbar 

4). Weed out all data points 
outside these ranges: 24 < S < 41, 
0.01 < P < 9999, 0°C < T < 40°C, 
except for WMO boxes with 
latitudes north of 60°N or south 
of 50°S, where ς2.5°C < T < 40°C. 

YES   

5). For WMO boxes that contain 
more than 10,000 profiles, only 
select profiles that are post-1995. 

YES   

6). Eliminate nearby duplicates. NO Only exact 
duplicates 
checks are 
implemented 

- Check for and remove near-
duplicates and nearby duplicates 

7). Do objective residual analysis 
ǳǎƛƴƎ ǇǊŜǾƛƻǳǎƭȅ ǉŎΩŘ reference 
data to identify anomalies. Then 
do a visual inspection of 
anomalies. 

Partially Quality control 
is made visually 
using several 
ǉŎΩŘ ǊŜŦŜǊŜƴŎŜ 
databases 
available in-
house. 

 

8). Identify each reference profile 
with a unique ID, e.g. under the 
variable source. 

Partially IDs are not 
always unique. 

- Make source values unique 

 

 
 
6 US National Oceanographic Data Center now National Centers for Environmental Information. 



3. 4(% ./2$)# 3%!3 

Following the definition by Furevik and Nilsen (2005), the Nordic Seas can be found between the Greenland-
Scotland Ridge and the Fram Strait-Spitsbergen-northern Norway transect. The Nordic Seas have been 
monitored with Argo since 2001 and exhibit low natural variability in temperature and salinity in the deeper 
layers. However, warming and salinification trends have been observed over recent years in the upper 2000 
m (Latarius and Quadfasel, 2010; Lauvset et al., 2018). The reported salinification rate for 1000 m and 1500 m 
depth ƛǎ ƻŦ лΦлллу ҕ лΦлллм t{¦ ȅŜŀǊ-1, which is near to the order magnitude of the OWC-based salinity 
corrections applied to Argo floats in the region (10-3). Therefore, to distinguish between artificial and natural 
trends, the CTD-RDB must include recent profiles.   
 
The region between 60°N and 80°N and 20°E to 20°W comprises most of the Nordic Seas, including WMO 
boxes 1600, 1601, 1700, 1701, 7600, 7601, 7700 and 7701 (Figure 3). For completeness, the WMO boxes 
surrounding the Nordic Seas to the West, North, and East were also included, namely WMO boxes 7602, 7702, 
7802, 7801, 7800, 1800, 1801, 1802 and 1702. 

 

 
Figure 3 The Nordic Seas WMO boxes (highlighted in blue). 



4. #4$Ȥ2$" ςπρψ6ς  

The 17 boxes listed above contain 10509 profiles. However, 1130 profiles are in the North Atlantic Basin (boxes 
7601 and 7602) and are masked out for this analysis.  
The spatial distribution of the remaining 9460 profiles is shown in Figure 4. Some coastal profiles (142) can be 
seen in the deep Sognefjorden fjord off the Norwegian coast. Although the maximum recorded pressure 
selection criterion effectively excludes coastal profiles everywhere else, the fjord is deep enough to pass this 
criterion and contribute profiles with maximum recorded pressure higher than 900 dbar.  
 

 
Figure 4 Spatial distribution of the CTD profiles (CTD-RDB 2018v02).  

The year of sampling is color-coded. 

 
The profile density is shown in Figure 5 using 2-degree square bins. The European Arctic region (north of 82хN) 
shows a low number of profiles, as expected due to ice presence. From the deep basins, the Iceland Sea and 
the Norwegian Basin are the ones with the worst and the best coverage, respectively.  
 










































