EUROPEAN COMMISSION

Executive Agency for Small and Medium-sized Enterprises (EASME)

Department A - COSME, H2020 SME and EMFF
Unit A3 - EMFF

Agreement number: EASME/EMFF/2015/1.2.1.1/S12.709624

Project Full Name: Monitoring the Ocean Climate Change with Argo

European Maritime and Fisheries Fund (EMFF)

MOCCA

D4.4.5 Report on the update of the CTD reference
database for salinity Delayed-Mode Quality Control
in the Nordic Seas

r | )
Circulation: PU: Public
Lead partner
Contributing partners: BSH, Ifremer
Authors: Ingrid M. AngeBenavides, Birgit Klein, Christine Coatanaol
Quality Controllers: Romain Cancouét, Sylvie Pouliquen
Version: 1.0
Reference D44.5 Report on the update of the CTD reference databas
Salinity DMQC in the Nordic Seas_v1.0.docx
Date: 12.06.2020
. >

Euro-Argo ERIC

European Research Infrastructure
(2014/261/EUV)




©Copyright 2016: ThéMOCCA Consortium

Consisting of

Organisation/Natural

Represented by Statute Contributing entitieg
person
EurcArgo ERIC N/A Coordinator N/A
The French Republic Ifremer Member ISP|_l|E?/M INSU/CNRS, Metance, IRD,

GEOMAR, University of Hamburg, Alfre

The Federal Republic of Wegenefinstitute for Polar and Marine

Germany BSH Member Research (AW|J)Institute for Chemistry
and Biology of the Marine Environmel
(ICBM)

The Hellenic Republic HCMR Member N/A

The Italian Republic OGS Member N/A

The Kingdom of the KNMI Member N/A

Netherlands

The Republic of Finland FMI Member N/A

The United Kingdom of

Great Britain and Northern Met Office Member NOCS, BODC

Ireland

The Kingdom of Norway IMR Observer  N/A

The Republic of Poland IOPAN Observer  N/A

This document may not be copied, reproduced, or modified in whole or in part for any purpose without written
permission from the MOCCA Consortium. In addition to such written permission to copy, reproduce, or modify
this document in wble or part, an acknowledgement of the authors of the document and all applicable
portions of the copyright notice must be clearly referenced.

All rights reserved.

This document may change without notice.

Document History

Versiorf Issue Date Stage Content and Changes
0.1 07.04.2020 Draft Initial document creatiorby IngridM. AngetBenavides
0.2 27.05.2020 Draft Comments and changes by@hatanoan
0.3 29.05.2020 Draft Comments and changes by B. Klein
04 02.06.2020 Draft Edits andchanges by Ingrid M. AngBEenavides
05 07.06.2020 QC RomainCancouét
1.0 12.06.2020 Final Final version

1 As indicated in the "Technical and Scientific description of the-Brgo ERIC" July 2013 attached to the
EurcArgo Statutes.
2 Integers correspond to submitted versions.



Table of Contents

L. INTRODUCTION e e e e e s amaanasanennes 5
2. CTD-REFERENCE DATABASE FOR SALINITY DMQC ..o me s 6
2.1 3 PSS 6
2.2, (O D ] = =l [0 N ] I 1 = ] N Ut 8

T I o |l N (@ T {1 [ O] = N PP 9
A, CTD-RDB 2018V 2.... .. itiiiituttiete et e e eeaeseeeaeeeesamtetstesasssesarerttateteetttameserttatttataaaaaaaaaaaeeaesamaaeasasaes 10
B, UPDATE ACTIVITIES oottt ettt ettt e e e e e e e e rme e e e e e e e e e e e e e e e e e e e s s ne s 15
6. DATA SOURCES AND PREPARATION ....cuuiiiitiiettititttesieiattatstatsrsssserssseeeeeessatsssssssssssserseresteeeeessmmeseens 17
6.1. IFREMER ...t ettt e s e et et e et e e e e e e e e eaeeeee e e aeae e e eeetetnrnn e e e e e aeeaaaaeaaeaees 17
6.2. L]0 PPt 17
6.3. L S 17

7. MERGING AND POST-PROCESSING.......cciiiiieiee et 19
7.1. =TT L TP 19
7.2. D10 0y 1 ] | = P 19
7.2.1. Y =Y =T Fo = W e 1] ] o= 1= O 19
7.2.2. L0701 (=T Ao 1] o] o= 1 =3 19
7.2.3. Identifying the best copy Of @ Profile.......cceiiiiii i e 21
7.2.4. Workflow for duplicate CHECKS.........uveieici e e e e e e e e e eaea e 22

7.3. FINAL QUALITY CONTROL . ...ttttutuuteeetitttuieeaesaataseaesesteunaeaeessstanaasastansaeaeesssnanaeeeestaaaeeeesstnnaaaeseessnnaaaeees 24
8. CTD-RDB 2019V —— 26
LS T © 10 1K 1 | PR UUPPRP PP 29

10. BIBLIOGRAPHY ottt ettt e e ettt e e o4 ek e et e e e e e e e e e e e e e e e e e e e e ee e e e s 30



Table of Figures

FIGURE 1 NUMBER OFARGO PROFILES PER-DEGREE SQUARE BIN IN THENORDIC SEAS (UP TOO1 JUNE 2020)................. 5
FIGURE 2 WORLD METEOROLOGICALORGANIZATION L10-DEGREE BOXES......uuuttttteeeeaaiaaiuutsnresneeeteeseeassssansnnnsssneeeeeeeess 7
FIGURE 3 THE NORDIC SEASWMO BOXES (HIGHLIGHTED IN BLUE). ...cetttutttteessutteeeesstureeesesanneeeeessnssseesssnsnseseesssnssseessns 9
FIGURE 4 SPATIAL DISTRIBUTION OF THECTD PROFILES(CTD-RDB 2018/02).......cvviiieiiiiiiieeeiiiieeee e 10
FIGURE 5 NUMBER OFCTD PROFILES PER2-DEGREE SQUARE BINCTD-RDB 2018/02).......cccciiiiiiieiiiiiiee e 11
FIGURE 6 NUMBER OFCTD PROFILES PER YEACTD-RDB 2018/02).......cccciiiiiiiieiiiiiiiaesiiiiee s siieee e a s 11
FIGURE 7 YEAR OF THE MOST RECENTCTD PROFILE PER2-DEGREE SQUARE BINCTD-RDB 2018/02)..........ccccvviuvneeenn. 12
FIGURE 8 POSITIONS OFCTD PROFILES WITH MAXIMUM RECORDED PRESSURE 900DBAR (CTD-RDB 2018/02)........... 13
FIGURE 9 PROFILES CONTAINING MULTIPLECTD CASTS(CTD-RDB 2018/02).......ccutieiiiiiiieeiiiieee e ssiiiee e esiiee e 13
FIGURE 10 FLOWCHART OF THEACTIVITIES PERFORMED TO UPDATE THENORDIC SEAS SUBSET OF THECTD-RDB........... 16
FIGURE 11 PROFILE VISUALIZATION FOR QUALITY CONTROL OFICESDATA .....uutiiiiiiiiaiiiiiiiiiineiiei e 18
FIGURE 12 FLOWCHART FOR THE IDENTIFICATION OF CONTENT DUPLICATES. .. uuututuuuuuaaaaaaasesesaaeteeeeeeeeeesessessssnnnnnnnnns 20
FIGURE 13 FLOWCHART FOR THE IDENTIFICATION OF PROFILE PAIRS THAT ARE LIKELY CONTENT DUPLICATES.............. 21
FIGURE 14 FLOWCHART FOR DECIDING WHICH PROFILE TO DELETE ..vuvtttttttutuuusuaaasaaseesaeaaeeeeeeereeeeeeessssrssnnnaaaaasaseaeens 21
FIGURE 15 FLOWCHART FOR DECIDING WHICH PROFILE TO DELETE ACCORDING TO ITS INFORMATION CONTENT........... 22
FIGURE 16 FLOWCHART FOR DECIDING WHICH PROFILE TO DELETE ACCORDING TO ITS ORIGIN......uuuuuiiainaiane e eeeeeeene 22
FIGURE 17 FLOWCHART FOR METADATA EXACT DUPLICATE CHECK .....uuuttututuuuiaaaasaaeeeeeaeeeeeereeeeeeessssnnnssnnnansaaseseaeeas 23
FIGURE 18 FLOWCHART FOR METADATA NEAR-DUPLICATE CHECK.....uuittttttteeeeeeeeeeteteeeeeeeansnssnnnsnn s asseseseseseeeeneeeeeeen 23
FIGURE 19 FLOWCHART FOR CONTENT DUPLICATE CHECK ....ittttititieteettittttetuaaaaasaeeeeeaaaaaaaeaseeesannssssssssnnnnnnaaaasaeaees 24
FIGURE 20 TIME SERIES OF SALINITY INTERPOLATED TCOOODBAR IN THE DEEP BASINS OF THENORDIC SEAS ...........cu... 24
FIGURE 21 SPATIAL DISTRIBUTION OF THECTD PROFILES(CTD-RDB 2019/01).....cetiiiiiiiieeiiiiieee et 26
FIGURE 22 NUMBER OFCTD PROFILES PER2-DEGREE SQUARE BINCTD-RDB 2019/01).......cccviiiiiiiiiiiiiiiieeee i 27
FIGURE 23NUMBER OFCTD PROFILES PER YEARCTD-RDB 2019VO0L1).......ccciiiiiiiiieiiiiiiiiies e i e s e e e eeeeeeee e e e e eeeeeeeenanenee 27
FIGURE 24 Y EAR OF THE MOST RECENTCTD PROFILE PER2-DEGREE SQUARE BINCTD-RDB 2019v01).......ccccvvvvvvvnnneee 28

Table of Tables

L =T = R O B BT = o] Vi =1V T 7
TABLE 2 PROFILE SELECTION CRITERIA FOR THECTD-RDB......iiiiiii et 8


file:///C:/Users/rcancoue/Downloads/D4.4.5%20Report%20on%20the%20update%20of%20the%20CTD%20reference%20database%20for%20Salinity%20DMQC%20in%20the%20Nordic%20Seas_v1.0.docx%23_Toc42931864
file:///C:/Users/rcancoue/Downloads/D4.4.5%20Report%20on%20the%20update%20of%20the%20CTD%20reference%20database%20for%20Salinity%20DMQC%20in%20the%20Nordic%20Seas_v1.0.docx%23_Toc42931864

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

This document describes the methodology used for the update of the CTD reference da@baRbBYor
salinity DelayeeMode Quality Control (DMQC) of Argo floats in the Nordic SEesresulting data is included

in the latest release of the databasg0(9v01, October 201)9The DMQC procedureare describedn the
deliverable D.4.3.1 Report on Delay®lbde processing on the MOCCA fleet, and the partners responsible for
their execution are listed in deliverabl®.1.10rganization of Float Data Managememhong DAC and DM
operators.

BSH is responsible for the DMQC of the MOCCAdmtMOCCA cofounded floatperating in tle Nordic
Seaswhich is one of theegionsselected for the expansion of trgoobservation system intmarginal Seas
and highlatitudes.Figure 1shows the Argo profile density in the Nordic Seas, which concentoatése four
deep basinsGreenland SeéGS) Lofoten BasifLB) Norwegian Basi(NB),andIceland Sea (IS)

The reportis organized as follow$n Sectior2, we presentan overview of thepurpose and requirements of

the CTBRDB as well as the procedures currently implemented for its maintenance. In Section 3 we introduce
the region of interest and in Section 4 weesent the statusf the databasdor the Nordic Seais the2018V02
version.In Sectiorb, we outlinethe actionsperformedfor the update followed by a detailed description of

the data sourcesind thepreparationproceduresn Sectiorb. In Section 7we specifytie procedures for data
mergingand postprocessingln SectiorB, we present lhe characteristics of theesulting regionally updated
version of the CTIRDB The report concludewith abrief outlook onthe remainingtasks to further improving

the CTERDBat both regionaland globalevels.

0 50 150 100 200 250 >300

10°w 0° ~ 40°E

Figure 1 Number ofArgo profiles per 2degree square biim the Nordic Seas (up to 01 June 2020)
The deepwater basins are shown in black contours, following Latarius and Quadfasel (2010).
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Data collected by Argo floats undergo a st QCprocedure to ensure their scientific qualififhe guidelines
for the DMQC, as provided by the Argo Data Management TaeR 2 OdzY SY i SR Ay (GKS | NH
v3.2 and the Argo quality control manutdr CTD and trajectory data v3.1

In particular, the salinity data is carefully screened looking for artificial trends and offsets, which result from
instrumental drifts in the conductivity sensddsing the method described in Owens and Wong (2068) a
improved by Cabanes et al. (2016), hereafter referred tthaOWC method, DMQC operators identify such
salinity errorsand correctthem whenpossible

The OWC method usdsstorical hydrographic data to estimate a climatological reference salinity for the
T £ B poditldrs and times using objective mappind-herefore, an appropriate correction requiresference
databaseswith a temporal and spatial coverage that alloweealistic 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 globaROBD
avalable toDMQC operators via a passweptbtected FTRserver, which is updateat least once a year using
dataobtainedthrough downstream services and directly fragientists The2018V02sersionof the CTDRDB
was the current versioat the beginning othe activities covered by this report

2.1. Data

According to the requirements of the Q@vhethod for Salinity DMQC, the GRDB profiles are delivered as
a st of Matlab files Each one contains CTD profiles inside onéhefWorld MeteorologicalOrganization
(WMO) squares/boxes, defined in a°latitude x 10° longitude grifFigure 2) and are named accordingly
(e.g. the file ctd_7600.mat contains profiles inside the WMO b®0) &ah mat file contains profilesand
the information is stored in vector and matrix variabl@sble 1)

The vector variables contain the metadata for each profile: timestasape§ and geographical positiofo6

and lat), plus two internal identifierssource a profile ID code, andcleve] a code referring to the original
database from which the profiles where obtained. Tq@evelvariable is not used by the OWC method but
was introduced tgorovideinformation about he quality level of the CTD profiles, according to their original
data provider, backn CTERDB 2016v01Profiles already present before this update were assigned with a
gclevel =COR as default valuerhe codes used are listed in Table 1.

The matrix ariables contain the profile data, with samples stored in rows and profiles in columns. As the
profiles havea different number of samples, the number of rows)(is determined by the profile with the
largest number of samples. For profiles wighiver samges, the extra rows are filled with NaNs.

3 http://dx.doi.org/10.13155/2985
4 http://dx.doi.org/10.13155/33951
5 Personal communication w. Christi@®atanoan.
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Figure 2 World Meteorological Organization 1@legree boxes.

Variable Size

dates 1xn
lat 1xn
lon 1xn
gclevel 1xn
source 1xn
pres mxn
temp m x n
ptemp m xn
sal mxn

150°E 180°

150°W  120°W

Tablel CTDRDB content

Type
double
double

double
cell

cell

double
double
double

double

Format/ unit

yyyymmdd
HHMMSS

Degrees
-180° to 180°
Original

database

code

Codes

dbar

°C ITS90
°Crelto 0

dbar
PSS/8

90

Details

"W

60°W

30°W

0°

90°N

60°N

30°N

0°

30°S

60°S

90°S

30°E

Following codeare usedn the Nordic seas
CORCoriolig, OCL{Ocean Climate.ibraryg
World Ocean Databa3}esCCHCLIVAR and
Carbon Hydrographic Data Offic€CHDGand
SPIScientistPrincipal Investigatr
COR: internal station ID. Ex. 11088883
CHH: cruise name. E&ZDN19910726
SPI: cruise ID and station number.
rr17d0049_001



2.2. CTDselection criteria

Section 4.5 of the Argo Quality Control Manual for CTD and Trajectory Data versipreSctibeshe CTD
RDBselection,aggregationand quality control proceduresTable 2 shows theomplete list of requirements
along with details about how the proceduraee currently implementedand possible improvement actions

Table2 Profile selection criteria for the CTIRDB

Argo QC manuatriteria Implemented?

1). Use only data that have YES
passed aINODEquality control

tests for observed level data.

2). Use all country codes. YES

3). Use only profilethat sampled YES
deeper than 900 dbar.

4). Weed out all data points YES
outside these ranges: 24 < S < ¢

0.01 <P <9999, 0°C < T < 40°C
except for WMChoxes with

latitudes north of 60°N or south

of 50°S, where2.5°C < T <40°C

5). For WMO boxes that contain YES
more than 10,000 profiles, only

select profiles that are post995.

6). Eliminate nearby duplicates. NO

7). Do objective residual analysi: Partially
dza A y 3 LINBréfdrehcza i

data to identify anomalies. Then

do avisual inspection of

anomalies.

8). Identify each reference profilc Partially
with a unique ID, e.g. under the
variablesource

Obs.
Originators
flags and other
quality controls
are used

Improvement actions

Invalid samples
maybe present
deeper than
900 dbar,
making some
profiles useless

-Remove invalid samples, define
as those with any Data variable
equal to NaN.

-Afterwards, check if the profile i:
still deeper than 900 dbar

for OWC.

Only exact - Check for and remove near
duplicates duplicates and nearby duplicates
checks are

implemented

Quiality control
is made visually
using several
 OOR NB
databases
available in
house.

IDs are not
always unique.

- Makesourcevalues unique

& USNational Oceanographic Data Centew National Centers for Environmental Information
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Following the definition by Furevik and Nils@®05), the Nordic Seasan be foundetween the Greenland
Scotland Ridge anthe Fram StraiSpitsbergemorthern Norwaytransect The Nordic Seabave been
monitored with Argo since 2004nd exhibit low natural variability in temperature and salinity in the deeper
layers Howe\er, 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
depthAa 2F nonnny -“gwhichdisneantm the drder magitut) of the OWiaased salinity
corrections applied to Argo floats in the region €L0rherefore to distinguish between artificial and natural
trends,the CTERDB must includeecent profiles.

The region between 60°N and 80aNd 20°E to 20°Womprises most of thé&lordic SeasincludingWWMO
boxes 1600, 1601, 1700, 1701, 7600, 7601, 7700 and @#Qure 3) For completeness, the WMO boxes
surrounding theNordic Seato the West, Northand Eastvere also includegnamely WMO bges 7602, 7702,
7802, 7801, 7800, 1800, 1801, 180 1702.
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Figure 3 The Nordic Seas WMO boxes (highlighted in blue).
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The 17 boxes listed above contdids509profiles However1130profilesare in theNorth Atlantic Basin (boxes
7601 and 76023andare masked outor thisanalysis.

The spatial distribution of the remainirf@t60profilesis shown in Figurd. Some coastal profilgd42)can be
seen in the deefognefjorden fjord off the Norwegian coagtlthough the maximum recorded pressure
selectioncriterion effectively excludes coastal profiles everywhere elke,ffordis deep enough to pass this
criterion and contribte profiles with maximum recorded pressure higher tH#60 dbar

Figure 4 Spatial distribution of the CTD profiles (CFRDB 208v02).
The year of sampling is colezoded.

The profile density is shown in Figirasing 2degree square bins. The European Arctic region (northxiB2
shows a low number of profiles, as expected due to ice presence. From the deep baslos|aheé Seand
the Norwegian Basin are the ones witte worst andthe best coverage, respéeely.































































