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Summary

This proposal aimed to exploit the latest research on the global ocean biological carbon
pump (OBCP) to:

1. improve our understanding of how it functions and varies in time and space; and
2. toinvestigate how it interfaces with the cycling of carbon in other domains of the
Earth system.

Building on recommendations made in a series of recent meetings and reports; on ESA-led
initiatives and projects; and on other relevant international programmes, the BICEP project
synthesised the current state of knowledge in the field and produced a consolidated set of
scientific requirements to guide the generation of BICEP products and to evaluate them. A
major emphasis was placed on developing unified products to ensure that the carbon
budgets made in the project are consistent with each other. Considerable effort was also
invested in quantifying uncertainties in the derived products. Concurrently, a large in situ
dataset of ocean carbon pools and fluxes was established and used to evaluate and select
the algorithms, which were then used to generate an enhanced BICEP dataset, consisting of
a 20-year time series of data built through application of the selected algorithms to the ESA
OC-CCIl time series, a merged, bias-corrected ocean-colour data record explicitly designed
for long-term analysis. The dataset was used as input to satellite-based characterisation of
the ocean biological carbon pump below the mixed layer, and to quantify the biological pools
and fluxes in the mixed layer, how they vary in time and space, and how they compare with
previous estimates (Figure 1).

The satellite-based ocean biological carbon pump analysis was placed in the context of
carbon cycling in other domains of the Earth System, through engagement with Earth
System modellers and climate scientists, especially through a workshop, Ocean Carbon
from Space, that was used as a vehicle to engage the international community in a
discussion on how the work on ocean carbon from space could be advanced further, and
how they might be integrated with results from other components of the ocean carbon cycle
(e.g. CO- air-flux and ocean acidification) not covered in our project, and how we could
improve the representation of satellite-based ocean carbon work in the context of large
international Earth System analyses.
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Figure 1. The biological carbon budget of the ocean mixed layer. The various pools and fluxes are computed
using the OC-CCI Version4.2 products and the algorithms developed in the BICEP project. Given values for
each carbon pool and flux are the mean over the 1998-2020 period.

BICEP Data products and publications

The major deliverable from the project is a series of data products relating to the various
components of the biological carbon pump. They are summarised in Table 1.

Table 1 List of biological pools and fluxes of carbon in the ocean, generated through the BICEP project.

Product Lead Version Resolution Time Location Publication
Spatial Temporal PML CEDA Link

POC Kong 4.2 4 km Monthly 1997-2020 v v CEDA Yes
4.2 9 km Monthly 1997-2020 v PML
5 4 km Monthly 1997-2020 v v CEDA

PC Sathyendranath 4.2 9 km Monthly 1998-2020 v PML Yes
5 9 km Monthly 1998-2020 v v CEDA

PIC Kong 4.2 9 km Monthly 1998-2020 v PML MS
5 9 km Monthly 1998-2020 v v CEDA

DOC Laine 4.2 9 km Monthly 2010-2018 v v CEDA Yes

PP Kulk 4.2 9 km Monthly 2010-2018 v v CEDA Yes
5 9 km Monthly 2010-2018 v PML internal
6 9 km Monthly 2010-2018 v PML Internal

EP Jonsson 4.2 9 km Monthly 1998-2019 v v CEDA Yes

The corresponding peer-reviewed publications that emerged from the project are listed

below.
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Colour and Light in the ocean from Earth Observations CLEO-2: Ocean Carbon from
Space Workshop

This workshop, which was organised in the context of BICEP, jointly with ESA and NASA,
was also seen as one of the activities of IOCCG within the context of the CEOS virtual
constellation on Ocean Colour.The fully online workshop attracted some 434 registered
participants, with global distribution as shown in Figure 2.
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Figure 2. Geographic distribution of participants at the Ocean Carbon from Space Workshop. Prepared by Javier
Alonso Concha and Sabrina Lodadio.

The follow-up to the workshop led to a community white paper (Brewin et al. 2023) that
summarised the major findings of the workshop. Another major outcome was a special issue
in Frontiers in Marine Science. The special issue will be a lasting legacy of the project and
associated activities, with 31 papers submitted; 19 papers accepted; 7 papers rejected; 5
under review, with some 85/105 authors contributing to the special issue. Some additional
papers are yet expected to be submitted.

Outreach activities
BICEP website and other online activities

A project website was established as part of the BICEP activities (an example is given in
Figure 3). Updates for the eo4society webpage were also provided.
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The ocean carbon cycle is a vital part of the global carbon cycle. It has been estimated that around a quarter of
anthropogenically-produced emissions of CO,, caused from the burning of fossil fuels and land use change, have been absorbed
by the ocean. On the other hand, significant advances have been made recently to expand and enhance the quality of a wide
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Figure 3. Home page of the BICEP website, created by Jonathan White, PML.

The BICEP team was also involved in the development of ESA animations and web stories,
one on primary production and one on the datasets generated in the project.

Training and Education

Jointly with the Trevor Platt Science Foundation and other partners, including the ESA
WIDGEON project, a two-part training course and symposium were organised, for broader
engagement with the scientific community.

The online training course consisted of four modules: introduction to satellite-based
observations of the oceans, data repositories and access; introduction to processing
software tools; the role of the environment in water-borne diseases; and ecosystem
monitoring. The online course was delivered through 17 lectures (~2 hours each, including
Q&A) over 17 weeks (from April to July, 2023). Around 300-400 participants attended the
general lectures, while some 115 participated in more than 80% of the entire course. Total
‘live watching time’ for the webinars was close to 8,000 hours. Recordings of the online
course are available through TPSF YouTube channel.

The in-person training course followed the online component, and 42 participants from
around the world attended the 2-day training course held at the Plymouth Marine Lab in
August 2023. They then attended the Trevor Platt Science Symposium, contributing oral or
poster presentations at the symposium. Some of the trainees were invited to co-chair
sessions, and all participated actively in the discussion sessions. The symposium, which
was attended by some 120 participants, gave the trainees an opportunity to meet and
engage with leading scientists from around the world.

Royal Society Summer Science exhibition

The team participated in the Royal Society Summer Science exhibition in July 2021, which
was a fully online event. The science exhibitions organised by the Royal Society in the UK
are large events that engage general public and schools at both primary and secondary
level. Our team’s exhibition in July 2021 was focused on observations of carbon from space,
with the BICEP team developing online content, including web stories and videos, for the


https://www.esa.int/Applications/Observing_the_Earth/Space_for_our_climate/Shedding_light_on_the_ocean_s_living_carbon_pump
https://www.esa.int/Applications/Observing_the_Earth/FutureEO/Untangling_the_ocean_biological_carbon_pump
https://www.youtube.com/playlist?list=PLIDRPlgZKpUq4Gt5irhDItE4xsnxDMn3k

event. Activities also included an engagement event with fellows of the Royal Society, ‘Meet
the Scientist’ Q&A sessions and a ‘Lightning Lecture’ with Q&A sessions. Around 60,000
users spend 10 minutes on the Royal Society Summer Science exhibition online hub, with
our team’s exhibition attracting around 9,000 visitors. The programme was rated as
Good/Excellent by 96% of viewers. The carbon from space exhibition attracted further
attention, and was follow-up by a radio interview and podcast for BBC radio Cambridgeshire
with Naked Scientists.

Representation at UNFCCC COP

The BICEP engaged with high-level policy activities as part of the UNFCCC COP. At COP26,
BICEP publications were referenced in a UK Universities Network Briefing, team members
featured in videos developed by PML and ESA and participated in a Q&A sessions in the
Green Zone through the Royal Society. At COP27, BICEP team members acted as invited
speakers in a session on Net Zero, presented a poster on the Ocean Carbon Cycle from
Space during Earth Information Day and acted as a host in the Ocean Pavilion in the Blue
Zone. At COP28, the datasets generated in BICEP featured on a spherical display
(PufferTouch) at the Space Pavilion.
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