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Processes driving the ocean biological carbon pump. From U.S. 

DOE 2008 report on Carbon Cycling and Biosequestration. 

Multimodel mean change in the biological carbon pump 
(presented here as export production) for 2100. Hatching 
indicated where 90% of models agree. From Henson et al. 
(2022). 

Project Background 
The ocean regulates the Earth’s climate via, in large part, the biological carbon pump (BCP). The BCP comes 

from the coupling between the marine ecosystem and the settling of particles into the deep sea, resulting 

in a net removal of atmospheric CO2. Current models show that without the BCP, atmospheric CO2 would 

ultimately double, which is equivalent to twice the current anthropogenic emissions. However, model 

predictions disagree on the BCP role in a transient future climate, with some seeing an increase in ocean 

carbon removal and others a decrease by 2100 (Wilson et al., 2022). This disagreement is mainly due to a 

poor representation of the BCP in climate models (Henson et al., 2022). 

Project Aims and Methods  
This PhD project aims to improve and reassess the biological carbon pump’s influence on the future 

climate. To do that, the student will first apply a state-of-the-art vertical model of particle processes 

(including key processed like settling, aggregation and fragmentation) into a global ocean model to 

determine the critical processes controlling the biological pump in future predictions. Depending on the 

student’s interest, they will then have the possibility to either (1) develop a BCP parameterisation for 

CMIP6-type models, (2) look at the coupling with the oxygen cycle critical for marine life, or (3) combine 

the BCP model with a complex marine ecosystem model to better assess the role of biodiversity in ocean 

carbon storage. This is a critical issue to resolve for society and timely using the critical modelling capability 

recently made available. 
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Candidate requirements 
We seek a highly motivated and independent candidate interested in interdisciplinary research of ocean 
chemistry, marine biology and climate. Candidates should have a degree in one of the following topics (or 
equivalent): Oceanography, Earth Sciences, Geophysics, Environmental Sciences, Geography, Biology, 
Chemistry, Physics or Mathematics. We welcome and encourage student applications from under-
represented groups. We value a diverse research environment. 

Project partner 
Prof Stephanie Henson from NOC (Southampton) will provide expertise on the ocean biological carbon 

pump, with an active group looking at the BCP using remote sensing and direct measurements. The student 

will visit NOC every four months in the first year to discuss ideas and design some aspects of the project, as 

well as interact with Henson’s research group, with the possibility for the student to perform lab 

experiments or to go at sea in years 2 and 3, depending on the student’s interest.  

Training 
The student will receive specialised training in computer model programming, ocean biogeochemistry and 

future climate projection. They will learn how to use and develop models of different complexity (from 

particle to Earth system models). Prof Monteiro and Dr Andrews will provide modelling support on the 

biological carbon pump, marine ecosystem, oxygen cycling and future climate, and Prof Henson on the 

observations of the biological carbon pump. The student will also spend one month at the DTU in Denmark 

with Prof Visser to learn about the vertical particle model. 

Background reading and references 
Cavan et al. (2019). Exploring the ecology of the mesopelagic biological pump. Progress in Oceanography, 176, 
102125; Henson et al. (2022). Uncertain response of ocean biological carbon export in a changing world. Nature 
Geoscience, 15(4), 248-254; Wilson et al. (2022). The biological carbon pump in CMIP6 models: 21st century trends 
and uncertainties. Proceedings of the National Academy of Sciences, 119(29), e2204369119. 

Useful links 
http://www.bristol.ac.uk/geography/courses/postgraduate/ 
https://www.bristol.ac.uk/people/person/Fanny-Monteiro-125e87b4-41ce-4afb-9fb4-48e2677c52c9/ 
https://www.bristol.ac.uk/people/person/Oliver-Andrews-a1579a2e-94ac-4fd7-8f87-12693324fa6c/ 
http://www.stephaniehenson.net/  
 
Bristol NERC GW4+ DTP Prospectus:   
http://www.bristol.ac.uk/study/postgraduate/2023/doctoral/phd-great-western-four-dtp/  
 
How to apply to the University of Bristol:  
http://www.bristol.ac.uk/study/postgraduate/apply/  
 
Please note:  If you wish to apply for more than one project please contact the Bristol NERC GW4+ DTP 
Administrator to find out the process for doing this. 
 
The application deadline is Monday 9 January 2023 at 2359 GMT. 
Interviews will take place during the period 22 February – 8 March 2023. 
 
NERC GW4+ DTP Website:  
For more information about the NERC GW4+ Doctoral Training Partnership please visit 
https://www.nercgw4plus.ac.uk. 
 
General Enquiries:  
Bristol NERC GW4+ DTP Administrator   
Email: bristol-nercgw4plusdtp-admin@bristol.ac.uk  
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https://uob-my.sharepoint.com/personal/fr14987_bristol_ac_uk/Documents/Attachments/bristol-nercgw4plusdtp-admin@bristol.ac.uk

