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1. INTRODUCTION

This document describes the contribution that the British Oceanographic Data Centre (BODC), which is part of
the National Oceanography Centre (NOC), has made to the review and development of resources for use by
Argo Delayed-Mode Quality Control (DMQC) operators. DMQC operators are individuals who apply defined
procedures to the unadjusted data transmitted by Argo floats through comparison with reference data. The
aim of the DMQC process is to either confirm data from an Argo float is already sufficiently accurate for
climate-grade research uses, to apply an at-sea calibration if the sensor has been identified as having a known
and correctable issue, or to certify the data as beyond correction and unfit for scientific use.

To achieve the above, DMQC operators must be able to understand the procedures, understand float and
sensor behavior, use the community DMQC software effectively, and make expert judgements. DMQC
operators must also be able to identify when their knowledge has been exceeded and when to refer to
Principal Investigators or regional data quality experts for further guidance.

Near the beginning of the MOCCA project, the composition of the BODC Argo Team began changing with
existing members moving to other roles and new members joining. Whilst the necessary expertise and
procedures were still available within BODC, it was necessary to train a new generation of DMQC operators.
This included contributing to and benefitting from the 1% European Argo Delayed-mode QC Workshop in 2018,
from which the need for improved knowledge sharing and tools was identified. Additionally, BODC aimed to
make a broader contribution to reviewing and enhancing DMQC training and associated resources as part of
a wider community effort capture knowledge and experience not already found within research papers and
Argo manuals.
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2. REVIEW AND DEVELOPMENT OF DMQC RESOURCES

2.1. DMQC cookbook contribution

BODC (Kamila Walicka) has contributed to the development of an Argo DMQC cookbook for core parameters
(DMQC cookbook) led by Ifremer. This contribution covers:

e The guidelines regarding DMQC workflow of Argo core data (pressure, temperature, salinity),
providing a list of steps from getting R-files (uncalibrated real-time) from the GDAC to sending the D-
files (calibrated delayed-mode) back;

e Description of examples of hydraulic or sensor problems;

e A template has also been prepared with best practice for generating a report on the DMQC of an
individual float;

e Description of DMQC analysis and decision-making process of a float deployed in the Southern Ocean.

2.2. OWC Python conversion

BODC had been planning to invest in the development of the DMQC software and workflow as part of the
MOCCA project. As part of the EuroArgo RISE project (WP 2: Evolution of the Core Argo Mission), a survey of
the entire core Argo DMQC community was undertaken by BODC (Kamila Walicka and Matt Donnelly) in 2019
to identify the barriers and opportunities to improving the efficiency and capacity of the overall community
effort. It was identified as part of this survey that the existing DMQC software — known as OWC after the
primary authors, Owens, Wong and Cabanes — being written in the software language and environment
Matlab was a barrier for many institutions. This is because Matlab is paid-for licensed software and many
institutions either had few licenses, or did not have the necessary additional licensed toolboxes. This has
resulted in the use of different versions of Matlab and consequently different versions of the OWC software
amongst the Argo community, as well as proving a barrier to some institutions being involved at all. A decision
was reached to assess the potential for converting the OWC Matlab code to a free software, with the widely
used Python being the preferred language.

A 1-year software developer post was recruited in the middle of 2019 and a year of detailed assessment and
development has followed. The original code was first mapped and reviewed, and a set of recommendations
proposed to the international Argo Data Management Team in October 2019. After approval to proceed with
‘OWC Python’ was given, the developer (Ed Small) supported by BODC DMQC operators (Kamila Walicka and
Matt Donnelly) undertook several months of conversion work leading up to several phases of testing in mid-
2020. The converted code is now functional, with a final round of performance enhancements, testing and
evaluation underway to ensure it is ready for operational use.

As part of the development work, there has been close collaboration with Ifremer to prepare the software
package to be used as part of a Jupyter notebook, and even to do so online using the Pangeo Binder. Combined
with the potential to fully parallelize the analysis code, the conversion of OWC Matlab to OWC Python marks
a step-change in capability and sets a new standard in quality control software development for the Argo
community.
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2.3. DMQC report template

A review of the current state of DMQC tools and methods (undertaken by BODC as part EuroArgo RISE project,
see section 2.2) identified a large diversity in software used to create the final DMQC reports produced by
DMQC operators at various institutions. The production of comprehensive and consistent DMQC reports is
useful to document the decisions made to calibrate an Argo float, and in-turn enable the reproducibility of the
DMQC analysis and inform future rounds of DMQC, either by the same operator or by future operators. This
becomes increasingly important as a new generation of DMQC operators who were not active in the early
stages of the Argo program become increasingly responsible for data which they were not originally involved
in assessing.

To address this issue, BODC (Clare Bellingham and Kamila Walicka) have drafted a template of a DMQC report
implemented using the free open-source LaTex (https://www.latex-project.org/) typesetting system. The
DMQC report generator includes the detailed description of visual inspection of the float notes, comparison
with satellite altimetry provided by CLS, the OWC configurations for the specific regions, diagnostic plots
generated by OWC software, and scientific justification of the decisions made to determine a high-quality at-
sea calibration for a given Argo float. The DMQC report template can be found in Appendix 1. The DMQC
report template will be distributed via GitHub at the public QC forum (see:
https://qithub.com/euroargodev/publicQCforum) and through Argo email lists for further discussion and
refinements based on feedback from the global group of Argo DMQC operators.

2.4. DMQC workshop participation and coordination

BODC contributed to the preparation and delivery of the 1%t European Argo Delayed-mode Workshop for CTD
data held in Brest, France on 17"-18™ April 2020. This included contribution to training material by Matt
Donnelly and Justin Buck, delivery of material at the event by Justin Buck, and attendance by two new
members of the BODC Argo Team as part of their training.

BODC has undertaken the preparation of hosting the 2" European Argo/7%" International Argo Delayed-mode
Workshop for CTD data in Liverpool, UK. This workshop aimed to include the DMQC analysis for both core
(2000 m) and deep (4000 m-6000 m) Argo floats, with the latter being a focus of the EuroArgo RISE project
WP3 on developing deep DMQC methods. The agenda and registration were advertised with the support of
the Euro-Argo ERIC Office via https.//www.euro-argo.eu/News-Meetings/Meetings/Others/2020-DMQC-
workshop. The meeting was planned to happen from 12" May to 15" May 2020. However, due to the ongoing
pandemic of COVID-19 virus, this workshop has been postponed to an as yet undefined date, but the planning
effort around venue, arrangements and format remain valid.
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3. FUTURE

BODC has invested in community-level resources to improve the effectiveness, efficiency and sustainability of
DMQC at UK, European and international level. The contribution to the cookbook has helped to capture
knowledge and expertise not otherwise documented, whilst the conversion of OWC to Python and the
development of a DMQC report template has laid the foundations for future improvements to DMQC in the
Argo community. Whilst this work is directly applicable to the core Argo mission, it also sets a standard in the
approach for the deep and biogeochemical Argo missions as well. Whilst the Argo DMQC workshop has been
postponed, BODC will offer to host it when it does take place. The lessons learnt through the MOCCA project
will be applied to future challenges funded through the EU H2020 project Euro-Argo RISE as well as UK national
capability funding.
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