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1. Status of Implementation

Floats deployed and their performance

During the last year (2019) 14 floats were deployed. These were all core floats (temperature and
salinity only). They were deployed in the North and South Atlantic and south-west Indian oceans. Two
of these floats failed soon after deployment: an older APF9a float deployed in the SW Indian Ocean
(SN 3902), and an APF11a float at 40S in the Atlantic (SN 8578 — sending positions but no data
profiles). The number of deployments was less than planned as we were impacted quite badly by the
Seabird CTD recall, with 26 APEX floats having to be returned, hence some of these missed their
planned deployments due to the recalibration turnaround time with SeaBird and Teledyne Webb
Research (TWR).

As at the time of writing the UK has 153 operational floats (i.e. for which real-time data are presently
being distributed), as shown in Figure 1.

Figure 1. Showing the locations of reporting UK floats (in red, 153) with the global network (in green,
4056), as at 20th February 2020.

Technical problems encountered and solved

Bio-geochemical Argo

One of the two Navis BGCi floats deployed in December 2018 has exhibited problems (unable to go
into continuous profiling mode due to the SBE41 being unresponsive), the other has failed to report
after going under winter ice. A third float from that batch failed pre-deployment testing and was sent
back to SeaBird for repair and a firmware upgrade and has subsequently been returned. Two other
Navis BGCi floats purchased in 2019 have also been returned to SeaBird for the firmware upgrade.



APEX Deep activity since March 2019

The UK has one working APEX Deep float (without oxygen) at 26N in the Atlantic, deployed Nov
2018, which has presently completed 150 x 3-day cycles to 5,400m.

The UK deployed five APEX Deep floats, (four with Oxygen, one without O2) at 26N in the Atlantic in
Jan/Feb 2020. Of these, three are working normally (2 with oxygen, 1 without) on 10-day cycles,
cycling to the seabed (or 6,000 metres, whichever is shallower), with a grounding chain, and two have
problems.

On the Jan/Feb 2020 A05 GO-SHIP cruise, the UK deployed 4 x RBR 6,000m deep CTDs on 135
full-depth (up to 6,000 metres) CTD stations in collaboration with RBR to help characterise the
pressure response of the RBR Conductivity cell, working towards deploying RBR CTDs on Deep
floats.

The UK expects to take delivery of 5 APEX Deep warranty replacement floats later in 2020 and has
funding to procure one Deep SOLO float to develop UK capability with that technology.

APEX floats with RBR CTD

Six of these were procured in 2015. Two were planned to be deployed during the BoBBLE (Bay of
Bengal Boundary Layer Experiment) cruise in June 2016. The first failed immediately after
deployment so the second was returned to India for a firmware upgrade. This was done under TWR
supervision and subsequently deployed in February 2017, but still failed in spite of passing all pre-
deployment checks. Two other RBR CTD floats were deployed in the North Atlantic in June 2016 and
both are transmitting data. The other two RBR-CTD floats were returned to TWR for upgrade/repair —
one of which was deployed in the North Atlantic in October 2017 and failed, the other failed pre-
deployment tests and is still with TWR for repair/upgrade.

Status of contributions to Argo data management

Real-time data processing

At present the British Oceanographic Data Centre (BODC) are processing data from 153 operational
UK floats, 13 Irish floats and 71 Euro-Argo MOCCA floats (during 2018, 74 MOCCA floats were being
processed, but three have since failed). From 5" June 2018, all BUFR messages distributed on the
WMO Global Telecommunications System (GTS) have been generated by the Met Office from the
real-time NetCDF files produced by BODC, for all the floats listed above. In 2020 it is planned to
include the capability to include supplementary profiles and oxygen into the BUFR files generated by
the Met Office.

However, at present there remains a significant number of APF11i floats deployed over the last five
years for which the data are not yet being processed, 17 active at the end of 2019 plus a number that
have failed, these are all listed below.

Deployed in 2015
2 APEX Deep (both failed)

Deployed in 2016

2 Arvor Deep (both failed)

3 APEX RBR (1 failed on deployment, 2 are operational)
3 APEX Deep (all subsequently recovered)

Deployed in 2017

2 APEX RBR (both failed)

6 APEX with 02 & pH

4 APEX Deep with O2 (2 have failed)



Deployed in 2018
2 APEX with O2
4 APEX Deep

Deployed in 2019
1 core APEX

Deployed in 2020

4 APEX Deep with 02

1 APEX Deep

2 core APEX with ice avoidance

The current priority is to implement APF11i processing which will be needed for all our newer APEX
core floats, as well as for the APEX Deep and oxygen/pH floats. The focus will be on ensuring that the
real-time data (even if only temperature and salinity) are processed and delivered to the GTS and
GDACs from all the above float types. The work for delivering the APF11i float data is advancing well.

Delayed-mode QC processing

The BODC DAC hosts 95,064 profiles as of 3rd April 2020, of which 55,294 profiles are now in
delayed-mode. This represents 58% of all profiles, or approximately 64% of eligible profiles (i.e. all
profiles from expired floats and profiles over one-year old from active floats). This is a significant
improvement on past years, with around 16,750 profiles having been through delayed-mode QC
performed by BODC in the past year, plus DMQC submitted by partners on floats from the MOCCA
project. BODC has been tracking floats affected by the high salinity drift issue and will feed-in to this
monitoring and analysis.

BODC undertook a survey of core DMQC operators and issued a report to inform future development
of DMQC software and practices. NOC/BODC/PML held a UK O2 and pH workshop in Southampton
in December 2019 as part of our development of capability in this area, focusing on the use of SAGE
developed by MBARI for A-mode adjustments.

Southern Ocean Argo Regional Centre

In the past year BODC has compiled a guide to 'Argo and the Antarctic Treaty' and begun a review of
CTD on deployment metadata in support of DMQC. BODC has also worked with the University of
Bristol to develop a piece of software to perform Southern Ocean zone classifications, and co-
supervised a Masters student project making use of these classifications to look at Southern Ocean
zone variability.

Argo and the NVS

In the past year, the policy and governance for managing the Argo reference tables on the BODC-
hosted NERC Vocabulary Server (NVS) have been established, a prioritised work plan for the
migration work has been developed, and this work has begun with a number of initial vocabularies
either created or in-progress.

2.Funding and human resources

The UK Argo programme is undertaken by a partnership between the Met Office, the National
Oceanography Centre (NOC, which includes BODC) and Plymouth Marine Laboratory (PML). The
Met Office are responsible for programme management and coordination, procurement of floats,
organizing float deployments, preparation of floats for deployment, telecommunications (costs) and
international contributions. NOC and BODC have responsibility for Argo science and data
management respectively. PML play a leading role in the recent expansion of the UK programme into
BGC-Argo.



UK Argo funding to the Met Office is presently provided by BEIS (Department for Business, Energy
and Industrial Strategy) mainly through the Hadley Centre Climate Change Programme (HCCCP), but
with an additional contribution through the Public Weather Service Programme. The HCCCP funding
is agreed for a 3-year period to end March 2021 and provides ongoing funding for around 20 core
floats per year. With this Argo funding now part of the HCCCP it should be less vulnerable to being
cut.

NERC funding for Argo is primarily directed through NOC under its National Capability (NC) funding
line. On 1%t November 2019 NOC became an independent self-governing organisation — a charitable
company limited by guarantee. With this independence NOC has discretion on the allocation of NC
funds from NERC, which covers Argo data management at BODC and Argo science at NOC. In
addition, it is expected that up to ten floats per year for the Argo extensions (deep and bio-
geochemical) could be provided through bids to NERC for funding.

Staff members working on UK Argo, their institution and an estimate of their fraction of full
time equivalent time spent on Argo during FY2019/20 (April 2019 — March 2020) are listed below:

Jon Turton, Met Office (0.25) — UK Argo manager

Fiona Carse, Met Office (0.4) — UK Argo manager

John Hankins, Met Office (0.1) — float testing, set-up and shipping.

Brian King, NOCS (0.25) — Core and Deep Argo science lead [estimated on BK’s behalf]
Giorgio Dall’Olmo, PML (0.1) — BGC Argo science lead

Matt Donnelly, BODC (1.0) - DAC operations, DAC development, DMQC support, Argo Vocabs
support, SOARC lead

Clare Bellingham, BODC (1.0) - DAC operations, DMQC operator

Kamila Walicka (0.6) - DMQC operator and tools

Ed Small (0.6 - 1 year project) - DMQC tools

Violetta Paba, BODC (0.6) - DAC operations, BGC QC, Argo Vocabs lead

Katie Gowers, BODC (0.3) - DAC development

Paul McGarrigle, BODC (0.1) - DAC system support

Justin Buck, BODC (0.1) - Argo Vocabs support

Roseanna Wright (0.05) - SOARC task

Sarah Chapman (0.02) - SOARC task

Total: 6.57 FTE.

3. Summary of deployment and data management plans

Deployment plans

At the time of writing we have 46 core APEX floats available for deployment. We also have three
Navis BGCi floats (with another two presently with Seabird for upgrading) and seven deep APEX
floats in stores (with five APEX Deep warranty replacements expected later in 2020). PML also have
one ProvBio float that was recovered in 2018. In addition, in April 2020, there are 23 new (Argo-
equivalent) APF11i floats funded through the Royal Navy (RN).

So far in 2020, UK Argo has deployed 8 core floats and 4 deep floats, although deployments are now
on hold due to the Covid-19 pandemic. Over the coming year (April 2020 to March 2021) it is hoped
that UK Argo will deploy around 20 core floats (North and South Atlantic, Southern Ocean and Indian
Ocean), although this will be highly dependent on the timing of easing of Covid-19 restrictions.
Tentative deployment plans are:

2 - 4 APEX (2 Argos, 2 Iridium): North Atlantic, Rockall Trough/Iceland Basin (June 2020)
2 - 3 APEX (Argos): SW Indian from SA Agulhas (ACSA line, July 2020)

2 - 3 APEX (Argos): SE Atlantic from SA Agulhas (Gough line, Sept 2020)

4 APEX: Drake Passage and/or Weddell Sea (DY126 Jan/Feb 2021)

6 - 8 APEX (Argos and Iridium): North and South Atlantic, on AMT cruise (March 2021)

2 APEX (Argos): Indian Ocean, to be deployed by Mauritius Met Service (2020)



The above is not a complete list and other deployment opportunities will be investigated. If suitable
opportunities become available, we may also deploy up to 7 deep floats (3 CTD only, 4 with oxygen)
and up to 5 bio-geochemical floats (Navis BGCi).

The 23 RN floats (18 of which have the RBR CTD) will be deployed as ‘Argo-equivalents’ by the RN in
the North Atlantic at locations and times of their choice, but the real-time data will not be available
internationally for at least sometime after deployment. However, it is expected the data will eventually
be made available to the global system in slower time.

Data management plans for the coming year

BODC will deliver all APF11i core data before ADMT-21;

BODC aspires to release of all BGC data by ADMT-21;

BODC will release a Python version of the OWC DMQC software as part of the MOCCA
project;

NOC/BODC will work to further support the development of core DMQC under the Euro-Argo
RISE WP2 and with NERC NC funding;

NOC/BODC are contributing to the development of deep Argo QC, which will include a survey
of the Deep Argo community on current approaches, under EuroArgo RISE WP3 and NERC
NC;

NOC/BODC will implement their first oxygen and pH calibrations under EuroArgo RISE WP4
and NERC NC;

BODC will migrate most of the Argo reference tables onto the NVS vocabulary server as part
of ENVRI-FAIR project in the coming year - this is already advancing well;

BODC will begin work on SOARC regional data quality assessments under EuroArgo RISE
WP5 in the coming year;

BODC and the Met Officer aspire to further improve GTS timeliness and are considering ways
to move towards a 3 hrs target;

BODC will work with AOML to convene the 1st DAC Workshop during ADMT-21.

4. Uses of Argo data in the UK

Argo data are used widely within NOC, where the science applications include:

measurement of evolution and drivers of mixed layer processes in the (Indian Ocean);
Inventory and evolution of heat and freshwater establishing controls on budgets (both regional
and global);

deep heat content (N Atlantic).

PML have the lead for BGC Argo in the UK, where the data are used for:

investigating different aspects of the biological carbon pump (e.g., mixed-layer pump,
fragmentation);

investigating export fluxes and efficiency in hypoxic ocean regions;

providing a description of the physical environment in the framework of biological (e.qg.
mapping eel migration routes) and biogeochemical studies;

developing techniques to generate 3D fields of biogeochemical variables by merging ocean-
colour and in-situ data;

investigating mesoscale structures by combining altimetry and in-situ profiles with a special
focus on Agulhas rings.

At the Met Office Argo data are used operationally:

they are routinely assimilated into its FOAM (Forecasting Ocean Assimilation Model) suite
which is run daily and produces 2 analysis days and a 7-day forecast;

fields from global FOAM are also used to initialise the ocean component of coupled monthly-
to-seasonal forecasts;



Argo data are also used in the initialization of ocean conditions in climate models run to make
decadal predictions;

a coupled ocean/atmosphere prediction system has been developed for weather forecasting
timescales, and is now being run operationally, delivering ocean forecast information to the
Copernicus Marine Environment Monitoring Service (CMEMS);

near-surface Argo data are used to validate the output from the Met Office’s OSTIA
(Operational Sea Surface Temperature and Sea Ice Analysis), where the OSTIA fields are
used as a lower boundary condition in numerical weather prediction models run by both the
Met Office and ECMWF.

Two new Met Office systems which are in the process of being made ready for operational
implementation are:

an improved resolution version of global FOAM with 1/12 degree horizontal resolution, due for
operational implementation in 2020. This will continue to make use of Argo data to constrain
the T/S fields in the same way as the existing ¥ degree resolution system.

a coupled weather forecasting system which is initialised using coupled data assimilation, due
for operational implementation in 2021. Once this is implemented operationally Argo data will
directly contribute to operational weather forecasts as well as ocean forecasts. An
assessment of the impact of Argo in a lower atmospheric resolution version of that coupled
system was detailed in King et al., 2019.

Met Office research & development applications (non-operational) which have made significant use of
Argo data:

David Ford has done some OSSEs looking at the impact of the planned BGC-Argo array of
floats in a global physical-biogeochemical model where he assimilates synthetic versions of
the BGC Argo profiles in conjunction with satellite ocean colour data. A paper based on that
work is currently in preparation.

one other project where we made good use of Argo data was in the assimilation of satellite
sea surface salinity data from SMOS, Aquarius and SMAP. The near-surface salinity data
from Argo was used to bias correct the satellite salinity data and was crucial for the
performance of the assimilation of SSS data. That work is written up in Martin et al., 2019.

In the Hadley Centre for Climate Science, Argo data is used to make the following products:

EN4 contains in-situ ocean temperature and salinity profiles and objective analyses. It is
updated monthly using real-time Argo profiles and GTSPP data, and annually using delayed-
mode Argo profiles (and WOD, GTSPP and ASBO data). EN4 is freely available for scientific
research use (see http://www.metoffice.gov.uk/hadobs/en4/). In 2019 a user requirements
survey was undertaken about EN4 and an updated version incorporating more uncertainty
information and an updated analysis system is due for release this year (EN5).

HadlOD (Hadley Centre Integrated Ocean Database) is a database of in situ surface and
subsurface ocean temperature and salinity observations supplemented with additional
metadata including bias corrections, uncertainties and quality flags. The dataset is global
from 1850-present with monthly updates. The current version is HadlOD.1.2.0.0, the chief
sources of data are ICOADS.2.5.1, EN4 and CMEMS drifting buoy data. Public release will
be in mid-2020 via https://www.metoffice.gov.uk/hadobs/.

Met Office science uses of the EN4 product include OHC analysis, contributions to BAMS, Ocean
Obs'19 White Paper and an upcoming Earth Energy Imbalance paper (Schuckmann et al., submitted).
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5. Issues from UK to be considered by AST

None.

6. Cruise CTD data

When the UK notifies float deployments with JCOMMOPS, we include any information about nearby
or simultaneous CTD casts if the scientists on board the deploying ship provide this. It is written in the
Description free text box in the natification form. All CTD data from UK cruises is best obtained from
BODC, using the enquiries@bodc.ac.uk email contact address.
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