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Comment

As I write this, nations around the 
world are struggling to defeat the 
COVID-19 pandemic. In response 
to its challenge, societies and 
individuals in the UK, as in other 
countries, have changed the way 
they act at a surprisingly rapid rate. 
This insight allows us to hope that 
the challenge of climate change may 

also be answered with 
unexpected speed.

NERC-funded 
science has 

a vital role 
in this 
transition. It 
provides UK 
and global 

audiences 
with evidence-

based knowledge 
of climate change, 

and points 
towards 

solutions. 

Our history of success is a long one, 
including the discovery of a hole in the 
ozone layer above Antarctica which 
led to an international agreement 
to phase-out ozone depleting 
substances. Thirty years on, the hole 
is beginning to heal.
The need to provide solutions grows 
daily. In this issue of Planet Earth 
you can read about major European 
engineering research on carbon 
capture and storage, a technology 
which may one day allow fossil fuels 
to be burnt in a world of net-zero 
emissions.
Science supported by NERC, and 
the other research councils that now 
form UKRI, has made the UK a world 
leader in climate change research. 
For example, NERC is the backer of 
the UK’s world-leading programme of 
ocean research, which has revealed 
the important role of the oceans in 
storing humanity’s growing carbon 
emissions. As a result, 2021’s         
COP 26 climate change conference 
will emphasise the oceans for the        
first time.

Climate is a key component of NERC’s 
Delivery Plan, of the UK government’s 
future agenda and for our many other 
stakeholders. In this issue of Planet 
Earth, we describe the NERC science 
that evidences climate change, how 
fast it is moving, the factors that 
influence its progress, and what 
climate change means for individuals 
and organisations. NERC provides key 
evidence to government on climate 
change, and findings from NERC-
funded research feed into climate 
policy and timetables for climate 
action.
In 2008, the UK Climate Change 
Act was the world’s first long-term, 
legally binding framework for tackling 
climate change, specifying net zero 
emissions by 2050. How this is to be 
done is still an open question, but we 
know it will call for significant new 
research and innovation. 

Professor Sir Duncan Wingham
NERC Executive Chair

The Atmospheric Measurement & 
Observation Facility (AMOF) is a 

£2.9 million, three-year investment by 
NERC, designed to enable world-class 
measurements of the atmosphere. 
It will offer atmospheric scientists 
access to mobile instrumentation, 
laboratories and observatories across 
the world.
As part of the National Centre for 
Atmospheric Science (NCAS), 
AMOF will provide a comprehensive 
service for the UK’s atmospheric 
science community, with experts on 
hand to plan and make world-class 
measurements, offer advanced      

Investing in atmospheric measurement
data quality assessments, and  
provide facilities for archiving open      
access data.
AMOF’s expertise in measuring the 
atmosphere will underpin weather, 
climate and air pollution research. It is 
led by Professor Geraint Vaughan and 
its staff are based at the Universities 
of Leeds, York, Manchester, East 
Anglia and Surrey, and at the STFC 
Rutherford Appleton Laboratory.
AMOF is a merger of two previous 
facilities, the Atmospheric 
Measurement Facility (AMF) and 
the NERC Facility for Atmospheric 
Radar Research (NFARR). It will sit 

alongside three partner facilities also 
managed by NCAS: the Facility for 
Airborne Atmospheric Measurements 
(FAAM), the Centre for Environmental 
Data Analysis (CEDA), and the 
Computational Modelling Service 
(CMS).
The facility works with the 
Department for Environment Food & 
Rural Affairs, the Environment Agency, 
the Scottish Environment Protection 
Agency, and the UK Met Office as 
well as the European Space Agency, 
the Icelandic Met Office, and the US 
National Center for Atmospheric 
Research. 

https://twitter.com/nercscience?lang=en
http://www.nerc.ukri.org/planetearth
https://www.instagram.com/nercscience/?hl=en
https://www.facebook.com/NERCPlanetEarth
https://amof.ac.uk
https://amof.ac.uk
https://amof.ac.uk
https://www.ncas.ac.uk/en/
https://www.ncas.ac.uk/en/
https://amof.ac.uk
https://www.faam.ac.uk
https://www.ceda.ac.uk
http://cms.ncas.ac.uk/
https://www.gov.uk/government/organisations/department-for-environment-food-rural-affairs
https://www.gov.uk/government/organisations/department-for-environment-food-rural-affairs
https://www.sepa.org.uk
https://www.sepa.org.uk
https://www.metoffice.gov.uk
https://www.esa.int
https://en.vedur.is
https://ncar.ucar.edu
https://ncar.ucar.edu
https://ncar.ucar.edu
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Twenty new networks will bring UK researchers   
together with collaborators from the developing world 

to tackle global challenges, many in the Earth sciences. 
The Global Engagement Networks will develop solutions 
to issues such as hurricane recovery in the Caribbean 
and water management in Africa. They are funded by UK 
Research and Innovation through the Global Challenges 
Research Fund. 
An example is the GCRF Plastics Pollution Governance 

Framework Network, led by Professor Nicholas Oguge of 
the University of Nairobi in Kenya. It will explore all aspects 
of plastics use, from the composition of imported plastics 
to the slum communities who make a livelihood from 
selling and cleaning discarded plastics.
The network will involve researchers working with 
academics and businesses from Kenya, Uganda, Tanzania, 
Ethiopia, Rwanda and Malawi, as well as the UK, Denmark, 
Sweden and the Caribbean region.

Watch The GCRF Plastics Pollution Governance Framework Network video https://vimeo.com/395962203/e2a2f48089 
(credit: First Business Creative)
See the transcript: www.ukri.org/files/news/nicholas-oguge-transcript/

Network Lead

GCRF Caribbean Resilience and Recovery Knowledge 
Network

Dr Donovan Campbell, University of the West Indies

GCRF Clean Environment and Planetary Health in Asia 
(CEPHA) Network

Professor Shiva Nagendra, Indian Institute of Technology, 
Madras

GCRF Community, Science and Education Network Dr Armando Solares-Rojas, Center for Research and 
Advanced Studies of the National Polytechnic Institute, 
Mexico

GCRF Global Health and Clean Water Network Professor Jacquie McGlade, British Institute in Eastern 
Africa, Nairobi

GCRF Groundwater for Resilience in Africa Network Dr Karen Grothe Villholth, International Water Management 
Institute

GCRF Mine Dust and Health Network Associate Professor Jennifer Broadhurst, University of Cape 
Town

GCRF Open Network for Water-Related Diseases 
(ONWARD)

Dr Milton Kampel, Division for Remote Sensing (Divisão de 
Sensoriamento Remoto) at the National Institute for Space 
Research (Instituto Nacional de Pesquisas Espaciais (INPE), 
Brazil

GCRF Partnerships for Resilience through Innovation 
and Integrated Management of Emergencies and 
Disasters (PRIMED)

Dr Adelina Mensah, University of Ghana

The GCRF Plastics Pollution Governance Framework 
Network

Professor Nicholas Oguge, University of Nairobi

GCRF Resilience to Coupled Human-Natural Multi-
hazards Network

Dr Nguyen Quoc Dinh, Vietnam Institute of Geosciences and 
Mineral Resources

GCRF Urban Violence & Climate Change Network Dr Nausheen Anwar, Institute of Business Administration

GCRF Vector-borne disease control in Venezuela 
Network

Dr Mario Grijalva, Pontifical Catholic University of Ecuador

New networks tackle global challenges 

GCRF Global Engagement Networks in the Earth sciences include:

http://www.nerc.ukri.org/planetearth
https://www.facebook.com/NERCPlanetEarth
http://reg.nerc.ac.uk/planetearth-email
https://vimeo.com/395962203/e2a2f48089
http://www.ukri.org/files/news/nicholas-oguge-transcript/
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Hay Festival and the Natural 
Environment Research Council 

launched the final part of their     
Trans.MISSION II collaboration in May, 
showcasing two new films which pair 
leading environmental researchers 
with award-winning storytellers to 
communicate cutting-edge science to 
new audiences.
Trans.MISSION II has paired NERC 
researchers from Colombia, Peru and 
the UK with artists and storytellers in 
each country to create stories about 
ongoing research projects over the 
past year. The release coincided with 
Hay Festival Digital on 18-31 May. 
British writer and journalist Patrice 
Lawrence interpreted the water 
scarcity research of Dr Sarah Ayling 
and her team, while acclaimed 

The UK Centre for Ecology & 
Hydrology (UKCEH) has launched 
a new five-year research and 
innovation strategy to outline its 
role in tackling global environmental 
challenges.

This is the organisation’s first 
strategy as an independent not-
for-profit research institute after 
it became autonomous from 
NERC. It sets out UKCEH’s future 
direction and explains its role in 
creating and enhancing sustainable 
ecosystems, reducing and 
preventing pollution, and mitigating 
and building resilience to climate 
and environmental change.

It is with great sadness that we 
share news of the death of Sir John 

Houghton. We would like to extend our 
sympathies and thoughts to his family, 
friends and former colleagues.
Originally from North Wales, Sir John 
was an eminent atmospheric physicist 
who researched and spoke widely 
about the threat of climate change 
and championed the urgent need 
for climate action. Sir John helped 
establish the UN’s Intergovernmental 
Panel on Climate Change (IPCC) 
and co-chaired the organisation’s 
scientific assessment working 
group from 1988 to 2002. Sir John’s 
contribution was recognised in 2007 
when the IPCC shared the Nobel 
Peace Prize with former US Vice 
President Al Gore. It was awarded 
for their efforts to build up and 
disseminate greater knowledge about 
man-made climate change, and to 
lay the foundations for the measures 
that are needed to counteract such 
change.
As former Director General of the 
Met Office, Sir John had the foresight 
to establish the Met Office Hadley 
Centre in 1990 as a focus for climate 
research, persuading then Prime 
Minister Margaret Thatcher of its 
importance. The Centre is now a 
global partner for climate science and 
services, and often provides briefings 
to the government on important areas 
of climate science.
Sir John’s global contribution to the 
understanding of climate change 
is enormous and he will be greatly 
missed.
Professor Sir Duncan Wingham, NERC 
Executive Chair, added: “Sir John 
was a great figure, a father of the 
Intergovernmental Panel on Climate 
Change and someone whose impact 
on the world will be remembered. He 
was an outstanding scientist who 
played a key role in demonstrating the 
importance of environmental science 
to us all.”

Hay Festival and NERC merge climate science 
and art with Trans.MISSION II online

illustrator Chris Haughton shared an 
innovative new animation inspired by 
the global project.
Trans.MISSION II is NERC’s first 
collaborative public engagement 
project to go international. Its 
Peruvian strand culminated at Hay 
Festival Arequipa with the launch 
of Glacier Shallap, a short play from 
writer and actress Erika Stockholm 
drawing on the work of Cabot 
Institute’s Professor Jemma Wadham 
and her team of glaciology experts in 
the High Andes. And at Hay Festival 
Cartagena, the project’s Colombian 
strand culminated with the release of 
Espiral, a story by writer and activist 
Juan Cárdenas inspired by the work 
done by Dr Naomi Milner and her team 
on deforestation.

UKCEH’s new strategy targets global challenges
It sets out the substantial 
contribution which UKCEH 
intends to make through research 
and innovation in ten key areas. 
These are biodiversity; chemical 
risk; clean air; climate and land; 
ecosystem restoration and 
resilience; flood and drought 
impacts; net zero greenhouse gas 
emissions; soil health; sustainable 
agriculture; and water quality and 
resources.
UKCEH carries out long-term, large-
scale monitoring, experimentation 
and modelling. Its activities provide 
data and insights which inform 
decision-making by governments, 
NGOs, businesses and citizens.

Sir John Houghton 
1931-2020

Image from Juan Cárdenas' Espiral story.

https://twitter.com/nercscience?lang=en
http://www.nerc.ukri.org/planetearth
https://www.instagram.com/nercscience/?hl=en
https://www.facebook.com/NERCPlanetEarth
https://www.ceh.ac.uk/science-strategy
https://www.ceh.ac.uk/science-strategy
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A new £40-million wharf 
designed for the RRS Sir David 

Attenborough has been used by polar 
ships for the first time at the British 
Antarctic Survey’s Rothera Research 
Station. 
A specialist team of engineers, divers, 
builders and project managers built 
the 74 metre wharf over 18 months 
during two Antarctic summers from 
November to May. The 50-strong 
team from BAM, construction partner 
and designer of the wharf, was 
supported by Sweco, technical advisor 
Ramboll, and Turner & Townsend,  
who provided cost management for 
the project.
The first ships to make use of the 
wharf at Rothera Research Station 
were the RRS James Clark Ross 
on its resupply call, along with the              
MV Billesborg, which brought 
construction materials.
Building a new wharf in one of the 
world’s most remote locations 
presented a range of challenges. 
Every nut and bolt needed to be 

New Antarctic wharf ready for the RRS Sir David Attenborough

accounted for and the 4,500 tonnes 
of equipment was shipped 11,000km 
from the UK to Antarctica. The 
construction team practiced full-
scale assembly of the 45-tonne steel 
frames in Southampton to identify 
problems before they left the UK.
The new wharf will enable the         
RRS Sir David Attenborough to bring 
supplies and people to Rothera. It 

will also allow the station to run more 
efficiently, with a new crane to launch 
small science boats, a personnel 
gangway, and a floating pontoon to 
deploy scientific instruments.
www.bas.ac.uk/team/operational-
teams/operational-delivery/
infrastructure-project-management-
teams

RRS James Clark Ross using the new Rothera wharf. BA
S

UK Research and Innovation has 
appointed three new members 

of NERC Council: Matthew Harwood, 
Rebecca Heaton and Clare Matterson.
NERC Council is responsible for 
advising NERC’s Executive Chair 
and for making decisions delegated 
to it by the UKRI Board on science, 
research and innovation. Its members 
represent research and innovation 
across higher education, industry and 
commerce, policy and civil society, 
reflecting diverse characteristics and 
professional backgrounds.
Dr Matthew Harwood is Global Vice 
President, Strategy and Sustainability 
at McDermott and has a wealth of 
experience in oil and gas, utilities, 
chemicals, clean technology and 
renewables. Matthew has recently 
joined the board of Netpower, a 

New appointments to NERC Council
business building a zero-carbon  
power generation technology.
Dr Rebecca Heaton is responsible 
for Drax Group’s efforts to mitigate 
climate change. She has had a 20-year 
global career in business, science 
and policy. A Chartered Forester, she 
is a member of the UK Committee on 
Climate Change. 
Clare Matterson CBE is Executive 
Director of Engagement for the Natural 
History Museum, responsible for 
public programmes and commercial, 
communications and international 
activities.
She has been Chief Executive of EAT, 
a global foundation for healthy and 
sustainable food systems, and worked 
for 18 years at the Wellcome Trust as 
Director of Strategy and Director of 
Culture and Society. 

New Year Honours
2020
Professor Sir Duncan Wingham, 
Executive Chair of NERC and 
Professor of Climate Physics at 
UCL, received a knighthood for 
services to climate science. 
Professor Ed Hawkins, professor 
of Climate Science at the 
National Centre for Atmospheric 
Science, University of Reading, 
received an MBE for services 
to climate science and science 
communication.
Professor Tim Jickells, professor 
in the School of Environmental 
Sciences at the University of 
East Anglia, received an OBE 
for services to marine and 
atmospheric sciences.

http://www.nerc.ukri.org/planetearth
https://www.facebook.com/NERCPlanetEarth
http://reg.nerc.ac.uk/planetearth-email
http://www.bas.ac.uk/team/operational-teams/operational-delivery/infrastructure-project-management-teams
http://www.bas.ac.uk/team/operational-teams/operational-delivery/infrastructure-project-management-teams
http://www.bas.ac.uk/team/operational-teams/operational-delivery/infrastructure-project-management-teams
http://www.bas.ac.uk/team/operational-teams/operational-delivery/infrastructure-project-management-teams
https://nerc.ukri.org/about/organisation/boards/council/
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The experts making a difference
NERC expertise has played a central part in all 
the published assessment reports of the United 
Nations Intergovernmental Panel on Climate 
Change (IPCC) – the cornerstones of international 
climate agreements. But what about the incredible 

people behind the science? What are their opinions 
on climate change and what makes them tick? 
We meet the NERC scientists who are helping us 
all to understand every element of our planet, one 
groundbreaking discovery at a time.

Question Time

Dr Carol Turley

A Senior Scientist with Plymouth Marine Laboratory, Dr Carol Turley began 
working for NERC in 1993. She has published and presented on a wide range of 
topics within the field of ocean acidification. The recipient of a NERC exchange 
open fellowship, she has over 130 peer-reviewed publications and has been 
an invited speaker at numerous international conferences. In 2011, Dr Turley 
received an OBE for services to science. 

What IPCC reports have you been involved in?

In 2007, for the IPCC, I was Lead Author for the Ecosystem Chapter in WGII, 
Assessment Report 4 (AR4). After that, 2014 saw me as Review Editor for the 
IPCC’s Fifth Assessment Report (AR5) for the Ocean Chapter in WGII, and 
in 2019, I was Review Editor for the IPCC’s Special Report on the Ocean and 
Cryosphere in a Changing Climate, covering Chapter six on extreme events.

Why is your research important and what are the possible real-world 
applications?

The ocean is at the front line of climate change, receiving all the water from 
melting ice, more than 90% of the heat energy from warming and 25-30% of 
our CO2 emissions. If the ocean changes (and it is) it will impact us all. When 
I started this work (through NERC with the IPCC) I wanted the world and 
policymakers to understand the major impacts of CO2 emissions and the urgent 
need to cut them.

What is your favourite aspect of your research?

Seeing the penny drop and people/policymakers understanding and taking 
timetabled action.

What happens next in your process of discovery on battling climate change? 

Ocean and climate are relevant to everyone on Earth. So continuing to bring the 
science of ocean climate change to policymakers at the UN Ocean Conference 
in Lisbon in 2021 (COVID-19 permitting) and at the UNFCCC COP26 (the annual 
negotiations on climate attended by all nations) in Glasgow in November 2021 
are next.

What do you hope for the future?

Peace and climate stability at a reasonable level. We must embrace change if 
we are to meet our climate targets.

What three words describe you?

Kind, thoughtful and resilient.

IPCC

? ??
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What? 
The IPCC is the Intergovernmental Panel on Climate Change and is the United 
Nations body for assessing the science related to climate change.

When? 
It was set up in 1988.

Why? 
The IPCC was formed by the World Meteorological Organization (WMO) and the 
United Nations Environment Programme (UNEP) to assess climate change based on 
the latest science.

How? 
Thousands of experts from around the world, including multiple NERC scientists, 
collate the most recent developments in adaptation, climate science, mitigation and 
vulnerability, culminating in major assessment reports produced every five to seven 
years. The next report, Assessment Report 6 (AR6), is due in 2022.

Professor Mike Meredith 

Professor Mike Meredith is an oceanographer and Science Leader at the British 
Antarctic Survey (BAS) in Cambridge, UK. He is head of the Polar Oceans Team 
at BAS and holds an honorary Professorship at the University of Bristol. He is 
also a fellow of the Royal Meteorological Society, and a recipient of the Polar 
Medal. In 2018, he was awarded the Tinker-Muse Prize for Science and Policy 
in Antarctica and the Challenger Medal for exceptional contributions to Marine 
Science.

Can you give us an analogy to help understand your work?

The ocean is like a huge sponge, soaking up heat and carbon from the 
atmosphere and thereby slowing global warming. However, we don’t know 
how long the sponge can carry on working at its current rate, or when it might 
become saturated. We need to know so that policies can be designed and 
implemented to deal with it.

What one thing do you think we can all do to help tackle climate change?

My main advice would be to ensure that when people exercise their democratic 
right and elect representatives, they make sure that those representatives 
have climate change fully on their agendas and are completely committed to 
tackling it.

What happens next in your process of discovery on battling climate change?

I’m currently in the Antarctic (at the time of writing) on a research expedition on 
the NERC ship RRS James Clark Ross. We are investigating how the Southern 
Ocean impacts on Antarctic glaciers in a region of rapid change, and what that 
glacial change means for ecosystems and life on the seabed. 

What’s your favourite thing to do when you’re not working?

Spending time with my family.

What IPCC reports have you been involved with?

I was the Coordinating Lead Author for the Polar Regions chapter in the latest 
IPCC report (the Special Report on the Ocean and Cryosphere in a Changing 
Climate). This is a very broad-based interdisciplinary report, assessing how the 
global ocean and the frozen regions of the planet are changing, how they are 
likely to change in future, and what the implications are for ecosystems and 
people right around the world. 

IPCC

Fast facts: 
The IPCC
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Dr Philip Goodwin 

Dr Philip Goodwin is Associate Professor in Earth System Dynamics within Ocean 
and Earth Science, National Oceanography Centre Southampton at the University of 
Southampton. A NERC Postdoctoral Research Fellow, Dr Goodwin has been at the 
forefront of research into the physics of climate change. He is also part of the CO2 
Modeller team, an advanced app that runs a fast climate model on smartphones and 
tablets, with the original scientific research funded by NERC.

What IPCC reports have you been involved in?

I have been an expert reviewer on the IPCC Special Report on Global Warming of 1.5°C, 
and on the forthcoming Assessment Report 6. To help gain an evidence base in response 
to the Paris Climate Agreement, NERC announced funding for projects looking at a 1.5°C 
world. I led one of these NERC projects, and our team produced publications that were 
cited in the IPCC Special Report on Global Warming of 1.5°C.

Why is your area of scientific discovery important (or relevant) for the ordinary citizen of 
this country?

Our society is built around activities that emit carbon dioxide into the atmosphere, which 
in turn causes climate change. My research aims to find out how quickly we will have to 
reduce carbon dioxide emissions for different climate targets.

What is the coolest thing about your work?

I think the coolest thing about my research was finding out that the climate simulation 
I developed for scientific purposes could also be run on a mobile phone. This led to the 
development of the CO2 modeller climate app (www.co2modeller.info).

Who’s your biggest inspiration and why?

I couldn’t possibly pick one person! Lots of people have influenced my scientific career – 
both those who I have worked with and scientists whose discoveries I have studied and 
whose books I have read.

IPCC

The discovery of the ozone    
hole in 1985.

Helping the UK Civil Aviation 
Authority establish safe flying 
limits when Eyjafjallajökull erupted 
in 2010 – one of our research 
aircraft run jointly with the Met 
Office, flew through the ash plume.

A coastal flooding model that 
feeds directly into the Thames 
Barrier control centre.

A project to decode the ash 
tree's genetic sequence, helping 
identify the genes that mean 
some trees are resistant to ash 
dieback.

Did you know NERC experts have contributed to:

NERC science 
helps government 

and business 
predict and 

manage the effects 
of climate change

Insurance 
Saves business 
and consumer 
costs through 

better modelling 
of catastrophe 

risk.
Water

Understanding 
future risks for 

robust investment 
planning. Reduces 

infrastructure 
costs.

Oil and gas
NERC geological 

science is paving the 
way for storing our 

carbon emissions in 
empty oil and gas 

reservoirs.

Retail
Reduces carbon 
emissions and 
demonstrates 

corporate social 
responsibility.

Environmental
consultancy

Enables rapid growth 
of new generation of 

consultancies. Informs 
policy and builds 

resilence.

Agri-food
Reduces 

greenhouse gas 
emissions from food 

supply chains, 
improving food 

security.

Local and 
national 

government
Enables better planning, 
more efficient regulation 

and smarter infrastructure 
investment. Informs UK 
position at international 

climate negotiations.

The CO2 modeller climate app.
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CLIMATE STRIPES

Ed Hawkins 
admits that at 

school, he 
was “rubbish 
at art.” But 
that has not 
stopped him 

launching a 
new art form. 

His ‛Climate Stripes’ 
allow people who go dizzy at the 
sight of a traditional graph to learn 
about climate change by observing 
temperature rises in a new and 
instinctive way.
Hawkins is professor of Climate 
Science at the University of Reading 
and at NERC’s National Centre for 
Atmospheric Science. An expert on 
climate variability over time, he is keen 
to grow public understanding of the 
Earth’s warming climate.
His response has been to 
create ‛climate stripes’, a more 
understandable way of seeing 
temperature rises through time than 
the old-fashioned line on a graph. 
They were first seen in 2018 at the 
Hay Festival, where a NERC initiative 

True colours
Professor Ed Hawkins’ climate warming stripes show how data visualisations can capture people’s 
attention and communicate climate change simply but effectively.

linked him up with the poet Nicola 
Davies to explain his research. He got 
the temperature records for Hay and 
displayed then as coloured stripes, 
ranging from blue for the coolest 
years through pink and a deepening 
red for hotter ones. 
The result, he says, is a “simple and 
recognisable” pattern of consistent 
reddening through time. Hawkins 
explains that the stripes can be drawn 
for anywhere with a sufficient weather 
record. That could be a town such as 
Hay, or a nation or region. The format 

Global temperature change 1850 - 2019

has now gone viral, with a huge range 
of uses.
One advantage of the stripe display, 
says Hawkins, is that it can look good 
in any format, from wall painting to a 
social media post. Most recently, the 
stripes for Jersey have been painted 
3m high along a wall on the island. 
Hawkins says: “It has been knitted  
into scarves, painted on cars, and 
used on the  big screen by a band at 
Reading Festival (see below). People 
realise its power to convey climate 
change simply.”

The climate stripes as 
a backdrop during the 
2019 Reading Festival.
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JWCRP

Collaboration to beat 
climate change
With climate change having a huge impact on the 
decisions and policies we make, never more has 
the need for collaboration been key. And at the 
forefront is the Joint Weather and Climate Research 
Programme, a groundbreaking collaboration 
between NERC and the Met Office. 

But how does it really work? And how can it create a 
better understanding of the way climate predictions 
are going to inform a range of vital activities, from 
investing in the right infrastructure to better pricing 
of insurance risk?

The Joint Weather and Climate 
Research Programme (JWCRP) 
was launched in March 2009. 

Originally called the Joint Climate 
Research Programme (JCRP), the 
JWCRP right from the start created 
much closer working relationships 
between NERC and Met Office 
scientists when it came to developing 
improved models that focused 
on climate change predictions on 
timescales of up to centuries. 
JWCRP effectively has two 
overarching goals. The first?, to 
sustain and grow the UK's national 
capability and research. And the 
second?, to collaborate. Collaborate 
on a big scale, so, when it comes 
to major research initiatives and 
programmes, JWCRP will strive to 
align them, securing an effective 
impact of the research carried out, 
feeding the outcomes into the delivery 
of services of government, society 
and business. 

Game-changing models 
Already the JWCRP has improved 
the global climate models developed 
with the Met Office, but how? The 
answer is two-fold: core research 
programmes and joint facilities. From 
the development of a world-leading 
Earth System Model based on cutting-
edge UK research and development 
(UKESM) to building a high-resolution 
global coupled model to improve 
seasonal to decadal variability and 
predictability (HiRig), JCWRP and its 
team incorporate many core research 
programmes, overcoming barriers to 
collaborative working to get results.
Underpinning the core research 

are the JWCRP joint facilities. The 
JWCRP oversees major jointly-owned 
infrastructure, the Facility for Airborne 
Atmospheric Measurements (FAAM) 
– the world-class research facility 
dedicated to the advancement of 
atmospheric science – being one 
example. But another very significant 
one is the Met Office and NERC joint 
supercomputer system (MONSooN), 
which enables NERC and Met Office 
scientists to share data and develop 
models on the same platform. 
Monsoon has been a game-changer, 
enabling cutting-edge modelling to 
inform key activities and decisions. 

The challenges ahead
Since JWCRP’s inception, so much 
has rapidly shifted. Climate change 
is happening at an alarming rate, and 
how. In 2018, research from a key 
NERC partnership programme was 
cited in the Intergovernmental Panel 
on Climate Change (IPCC) special 
report on 1·5°C warming, saying that 
without mitigating for climate change, 
sea level could rise by about a metre 
this century. 
The rise in sea level impacting 
on coastal populations and 
ecosystems is just one example of 
what climate change means to us 
all. Already, action is being taken to 
reduce climate change. The 2017                               
£8.6 million Greenhouse Gas Removal 
Research Programme – a joint 
initiative with NERC and other funding 
bodies created to investigate ways 
to remove greenhouse gases from 
the atmosphere to counteract global 
warming – is just one innovation 
example of many. 

What? 
MONSooN (an almost-acronym 
for Met Office and NERC joint 
supercomputer system) delivers 
supercomputing infrastructure 
to enable collaboration between 
NERC and Met Office scientists. 
It’s a common computing 
platform, providing post-
processing capability, fast data 
links and access to data archives.

When? 
The Monsoon service began on    
1 December 2009.

Why? 
One word: advancement. By 
scientists having access to 
Monsoon, climate change 
modelling results can be shared, 
as well as developing joint 
software. All this can then help 
JWCRP and NERC scientists 
to change and inform key 
activities for future planning and 
policymaking.

How? 
Scientists can use Monsoon to 
run climate change scenario 
simulations based on their 
specific area of research, helping 
them to predict, change and 
inform.

Source: The Met Office

Fast facts: 
Monsoon
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The need: 
Create an integrated 

approach to forecasting more 
accurate weather predictions 

and the warning of natural 
hazards. Use this to develop 
more complete environmental 
predictions to help society make 
informed decisions that ultimately 
protect lives, livelihoods and 
property, facilitating social and 
economic prosperity.

The answer: 
Collaborating as JWCRP, the Met 
Office, UK Centre for Ecology and 
Hydrology, National Oceanography 
Centre and Plymouth Marine 
Laboratory began to work on the 
base of a coupled high-resolution 
probabilistic forecast system for 
the UK to the nearest kilometre.

The outcome: 
A research framework has been 
created to offer a unique new 
research tool for UK environmental 
science. Ongoing work will build 
on these foundations through 
Phase 2 work, delivering new 
research and pull-through to 
impact.
Source: The Met Office

Collaboration 
in action

JWCRP

How can JWCRP create  a better 
understanding of how  
climate factors and predictions  
inform activities? 
The answer is by continuing the 
core research programme and 
using the key joint facilities to make 
predictions, mapping out a timetable 
for action and continuing the essential 
collaborative way of working. 
NERC Executive Chair, Professor 
Sir Duncan Wingham, agrees. Last 
year, as ambitious delivery plans 
were published outlining how UKRI 
will work with its partners to ensure 
world-leading research and innovation 
continues to grow in the UK, Professor 
Wingham said: “As part of UKRI, NERC 
will continue our strong tradition of 
commissioning excellent research, 
supporting the UK's world-leading 
universities and research institutions, 

How JWCRP can create a better 
understanding of climate to change 
and inform a range of activities. 
Source: Living With Environmental Change (LWEC).

and forming strong partnerships to 
secure the funding to do so. With 
significant and rising public support 
for our science as a core part of 
societal responses to environmental 
and economic challenges, the coming 
years represent an exciting time for 
environmental science in the UK     
and beyond.”
It’s this overarching commitment 
from all JWCRP organisations to 
joint working that will underpin 
the way forward. As the impact on 
society of hazardous weather and 
other environmental pressures 
increases, the need for more complete 
predictions is greater than ever to help 
us make more informed decisions, 
protecting society, and enabling 
economic growth. And JWCRP and its 
collaborative global climate models 
are right at the centre.

Joint research informs engineering 
design on how to adapt to climate 

change impact. Scientific modelling 
can aid infrastructure design to take 

into account many current and 
potential future hazards, from road 
and rail provision to nuclear plant 
site planning and energy demand 

forecasting.

Agriculture is widely noted as 
one of the areas most at risk 

from a changing climate. 
Scientific modelling can help 

farmers understand and reduce the 
negative impacts of climate change, 

alongside mitigation measures to 
reduce greenhouse gases.

Water is both a hazard and a 
resource. JWCRP predictions, 
especially related to flooding 
and drought, will help inform 

insurance risks and other areas, 
such as investment in on-farm 

reservoirs.

Changes in climate will affect 
ecosystem services we rely on like 
bees to pollinate crops. JWCRP can 
join together scientific work to help 
understand the climate effects that 
will need to be taken into account 

when managing biodiversity.

There are many potential future 
health effects due to climate change. 
Higher temperatures, for example, are 

predicted to increase the suitability of the 
UK’s climate for invasive species and so 

increase the spread of disease.
Forecasting temperature change can 
help governments plan subsequent 

healthcare provision.

How climate 
factors and 
predictions 

inform 
decisions
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Under the ice
Landscapes in deglaciated areas are like time 
machines. By looking at the shape and size of 
landforms, interpretations about the former ice 
flow processes can be made. Wherever you see a 

drumlin (an elongated, teardrop shaped hill) you 
know a fast-flowing glacier used to be here. But 
how did they form and what can that tell us about 
present-day and future ice dynamics? 

By Rebecca Schlegel

W ith ice flowing at more 
than one metre per day, 
Rutford Ice Stream in West 

Antarctica counts as fast flowing, 
and its bed is laced with elongated 
landforms. My NERC-funded PhD 
research (part of the BEAMISH Project 
– Bed Access, Monitoring and Ice 
Sheet History) is about understanding 
the link between these landforms and 
actual ice stream dynamics. With this 
goal in mind, during the Antarctic field 
season 2017-18, I spent ten weeks on 
the Rutford mapping these landforms 
through 2.2 kilometres of ice using 
ice-penetrating radar.
On 13 December 2017, the Twin-Otter 
plane dropped my colleague Andy 
Smith (British Antarctic Survey) and 
myself off with lots of food, fuel, radar 
equipment and two snowmobiles 

on the Rutford in the middle of a 
snowstorm. We couldn't see much 
of the landscape until the next 
morning, when I started to realise that 
for the next ten weeks there would 
be nothing but two glaciologists, 
surrounded by the massive Ellsworth 
Mountains to one side, and a flat 
snow surface, stretching as far as the 
eye could see, on the other. 
At first, ten weeks seemed like a lot, 
but they flew by. Time has another 
dimension in Antarctica – an example 
of this is making tea. You first have to 
get some snow, get back into the tent, 
melt the snow, boil the water, and 
then prepare tea. Although you save 
a lot of time not showering for ten 
weeks, every-day life essentials take 
about  30-50% longer than in the UK.

A typical day involved over eight hours 
of dragging the radar system behind 
the snowmobiles, at temperatures of 
around -25°C, with visibility varying 
between five metres and hundreds 
of kilometres, sometimes giving 
us stunning mountain views. With 
more radar data ‘in the bag’ we 
were happy to crawl back into the 
tent and have some freeze-dried                       
morsels (my personal favourite was 
Chicken Korma). 

Our campsite with the stunning Ellsworth mountains in the background. The 
location of equipment is always marked by flags in the event of snow covering 
everything. The Twin Otter plane passed by to bring us some supplies and spares.
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Since cooking is time-intensive and supplies limited, 
goodies were few, but we treated ourselves with chocolate 
and olives for Christmas and New Year. As a highlight, on 
Christmas Eve, people from the British Antarctic Station, 
Rothera, called us to sing Christmas carols on the radio. 
People on the station did a fantastic job keeping us up-to-
date with the outside world.
With 24 hours of daylight it felt as if time stood still, the 
only signs of time passing were the sun circling in the sky, 
weather changes and the fact that the location of our camp 
changed with the one metre per day ice flow. We were on 
our own personal conveyor belt and got to see the stunning 
mountains from different perspectives over the weeks. 
Ten weeks with just two people in a tent requires a lot 
of humour, or even craziness. If we ran out of topics to 
talk about Andy tried (unsuccessfully) to teach me a 
Scottish accent, which is challenging considering that 

I am a German native speaker! Happily, the 
work we did in these weeks was more 

successful than my new accent, and 
the high–resolution 3D images of the 

landscape under the ice will help to 
understand the subglacial process 
better. All in all it was one of my 
biggest adventures of my life so 
far and I hope there will be more 
to come!

Rebecca Schlegel (left) is studying 
for a PhD in Glaciology at Swansea 

University. 

Andy and me sheltering from the wind during a 
break between data acquisition. It was a very 
cold day (-25ᵒC) as you can see from all the 
clothes we're wearing. In storms or on windy 
days we would shelter under a bivvy bag to have 
tea, biscuits and some chocolate.

The BEAMISH (Bed Access, Monitoring and Ice 
Sheet History) project aims are both academic and 
practical. The overall goal is to find out how Rutford 
Ice Stream has changed in the past and is flowing 
today. To do this scientists:

n Drill access holes to the bed of Rutford Ice 
Stream

n Sample and instrument the bed, ice and surface

n Find out when the ice sheet last disappeared

n Measure the temperature and straining of the ice

n See how water and sediment under the ice allow it 
to move fast

The project aims to improve our understanding 
of two aspects of this uncertainty: first, the past 
behaviour of the West Antarctic Ice Sheet (WAIS), 
and second, the flow of the fast ice streams that 
drain it. By choosing the right location, both these 
aims can be addressed within one project.

When completed, the project will give information on:

n An age for the most recent collapse of the ice 
sheet in this region

n The water system beneath the ice

n The thermal regime of the ice and bed

n The partition of ice motion between the three 
different flow mechanisms – sliding, ice 
deformation and bed deformation

BEAMISH



The report also tackles more 
controversial questions, such as 
whether extreme events – storms, 
surges and waves – are getting     
more severe. 
Our models and observations of UK 
coasts and seas show an average 
(mean) increase in wave heights in the 
Northeast Atlantic since the 1950s. 
However, we have not been able 
to directly attribute this to climate 
change – and attributing the cause 
of individual storms is even harder. 

Indeed, under a high-emissions 
scenario, there might even be an 
overall reduction in mean significant 
wave height in the North Atlantic        
by 2100.

Global thinking
With the majority of funding coming 
from NERC, our work at the NOC 
has an extremely wide remit – from 
marine geoscience and modelling to 
ocean ecosystems, circulation and 
climate, through the use of cutting-
edge technology. Our scientists 

OCEAN CIRCULATION

The gathering storm
From rising sea levels and their impact on coastal ecosystems 
to exciting new ways to reduce greenhouse emissions, marine 
scientist Dr Judith Wolf describes her research into the effect 
that climate change is having on the world’s oceans.

T   ogether with colleagues at 
the National Oceanography 
Centre (NOC), my team and I 

are part of the global scientific effort 
to quantify the real risks of climate 
change. 
A key element of our work is the 
provision of clear, measured evidence 
with which policymakers can make 
informed decisions. For example, the 
NOC works closely with the Marine 
Climate Change Impacts Partnership 
(MCCIP), and is a major contributor 
to its influential Report Card, which 
provides policy advisers, decision- 
makers, ministers, Parliament and 
the devolved administrations a sharp 
and succinct update on how climate 
change is impacting UK coasts        
and seas. 
The 2020 Report Card makes 
for sobering reading, and many 
of its messages are clear and 
unambiguous: global temperatures 
are rising and this is leading to 
warming seas, reduced oxygen, 
increased acidification and rising 
sea levels. These global changes are 
affecting the UK continental shelf 
and coastal waters, and are having an 
impact on our ecosystems. 

National Oceanography Centre (NOC)

Deploying an AWAC (Acoustic Waves and Currents) gauge to monitor wave conditions. 

Judith Wolf is lead author 
of the storms and waves 

section in the 2020 MCCIP 
Report Card, available 

online from: 
mccip.org.uk

The National Oceanography Centre is an independent 
self-governing organisation – a charitable company limited 
by guarantee. Funded by UK Research and Innovation 
(UKRI) to work on National Capability programmes, it 
manages on UKRI’s behalf the National Marine Equipment 
Pool – Europe’s largest fleet of autonomous and robotic 
vehicles – as well as two state-of-the-art research ships:                    
RRS Discovery and RRS James Cook (right). 
The centre also provides scientific evidence to support 
the development of policy, hazard assessment, ocean 
governance and sustainable development.   
noc.ac.uk
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Dr Judith Wolf was part of an international multidisciplinary 
NERC-funded project (ESPA Deltas) to study the likely 
impacts of sea-level rise, tropical cyclones and changing 
land use on the south-west coastal zone of Bangladesh. 
This extraordinary, low-lying delta region has a unique 
natural ecosystem and hosts the world’s largest    
mangrove forest, known as the Sundarbans, which is home 
to the endangered Royal Bengal Tiger. The livelihoods of     
14 million of the poorest people in the world, who live there 
in communities dependent on fishing and subsistence 
agriculture, are under threat from rising sea levels and more 
variable rainfall due to climate change. 
The team’s study of this ecosystem used a range of 
cutting-edge technologies, including remote sensing and 

field measurements. They also employed the services of 
ARCHER, an EPSRC-led state-of-the art supercomputing 
service, to predict changes in tidal water level and salinity in 
the delta. 
These models have provided important advice to 
policymakers in Bangladesh and the UK on irrigation and 
crop choice. 

Lives in the balance 
Over 60 million people live in the Pearl River Delta, the world’s largest urban 
area. It is an extensive low-lying flood-prone coastal environment exposed to 
sea-level rise and extreme water levels caused by typhoons. 
In Guangzhou, the region’s largest and the world’s most economically 
vulnerable city, 16% of its population live within 0.5 metres of present-day sea 
levels. Dr Judith Wolf and her team estimate that flood damage would cost the 
city over US$13 billion. It’s impossible to estimate the human costs.
The team are exploring opportunities for the re-establishment of mangrove 
forests in this region as a form of nature-based defences. Mangroves, which 
are salt-tolerant and have a dense root structure, can protect the coast from 
waves and trap sediment, allowing some accommodation with sea level rise. 
This research project was short-listed for the 2019 Newton Prize.

Endangered species – the Bengal Delta

collaborate nationally and internationally and across 
disciplines with universities and research institutes. These 
partnerships are essential. If we are to properly understand 
how climate change affects the UK we have to look 
globally. 

Climate change and sea defences
Our research into the potential impact of climate change 
on low-lying coastlines has broken new ground in the 
use of supercomputers, sensors and other advanced 
technologies, and our models are in use worldwide. 
Regions most vulnerable to a one-metre rise in sea level 
include East Asia and the Pacific, South Asia, Latin America 
and the Caribbean, the Middle East and North Africa. 
We recently studied the likely impacts of climate change-
induced sea-level rise, as well as tropical cyclones and 
changing land use, on the Caribbean island of St Vincent, 
and in the Pearl River Delta in China. 
In St Vincent, we found that a sea-level rise of one metre 
will place 10% of the main tourist infrastructure at risk. The 
Pearl River Delta would suffer a similar fate – although 
with potentially catastrophic human and economic 
consequences. 

Tidal energy
So much for the bad effect of global warming on sea    
level, storms and tides, but how can we harness the power 

of the sea to our advantage? 
In the UK, with additional support from UKRI’s Engineering 
and Physical Sciences Research Council (EPSRC), we 
studied whether the power of tidal currents could be 
harnessed by undersea turbines and converted into 
renewable energy – without doing irreparable damage 
to the marine environment. For example, the Pentland 
Firth in Scotland is the biggest resource of tidal kinetic 
energy in the UK. We calculated that those tidal streams 
could provide 10% of the present UK electricity demand, 
effectively replacing some fossil fuel power stations and 
providing a predictable energy source. 
There is a downside. Our models predict that these 
turbines would create their own environmental impacts, 
slowing down the ocean currents and reducing the 
exchange of water between the ocean bottom and the 
surface. This could have a negative effect on marine 
ecosystems.
However, our model also anticipates that global warming 
would have a similar impact on ocean stratification as the 
undersea turbines – but it would be ten times more severe. 
New advancements in technology will help to mitigate the 
effects of climate change, but the real difference will come 
when global policymakers take the bold actions necessary 
to safeguard the future of our planet. 
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A recent report by the EU’s 
Mission Board for Soil Health 
and Food estimates that 

60-70% of soils in member states 
are unhealthy, and has set a target of 
75% healthy soils by 2030. 
While we still have much to 
learn about soils, NERC-funded 
research – through monitoring, 
experiments and modelling – over 
many years has provided significant 
understanding of their functions 
and the way they mitigate climate 
change. 
Working with key research  
institutes, such as the UK Centre    
for Ecology & Hydrology (UKCEH), 
and by supporting leading soil 
scientists, NERC is not only helping 

to further global soil science it 
is also generating evidence that 
informs policy. 
In the wake of growing scientific 
evidence, the Department of 
Environment, Food and Rural 
Affairs (Defra) has announced 
that soils will be a cornerstone of 
its Agriculture Bill, which is set to 
introduce a new system of farming 
subsidies to replace the Common 
Agricultural Policy (CAP) in England, 
following the UK’s departure from 
the EU. Wales has already enshrined 
soil carbon protection in law; 
and Scottish planning policy also 
recognises soil as a physical asset 

and highlights the need to maintain 
and improve its condition.
In England, the legislation pledges to 
reward farmers and land managers 
for schemes that improve air and 
water quality, soil health, animal 
welfare, public access to the 
countryside or reduce flooding. 
The Government’s aim is to boost 
farmers’ productivity and protect the 
environment, including supporting 
its commitment to reach net zero 
emissions by 2050. 
The Welsh government’s 
Sustainable Farm Scheme will pay 
for environmental outcomes whilst 
providing stable income for farmers. 
Plans for CAP replacement are still 
under development in Scotland and 

Northern Ireland. 
Professor Bridget 
Emmett, Head of 
Soils and Land Use 
at UKCEH and a 
member of the EU 
mission board, says: 
“Our research into 
soil health, emissions, 
biodiversity and 
productivity will 

provide the data and insights that 
the UK’s national governments need 
to develop a new system of paying 
farmers and other land managers 
for environmental benefits, while 
supporting our farming and forestry 
industries to ensure we don’t export 
our emissions and impacts to other 
countries.”

Climate regulators
Soils are crucial to any plans to 
reduce overall greenhouse gas 
emissions; they store huge amounts 
of carbon – an estimated 1,500 
billion tonnes worldwide, which is 
more than in the atmosphere and 
vegetation combined.

SOIL

Earth story
Soils are critical to the health of our planet and 
essential for human, animal and plant life. They 
provide the nutrients and water required to grow 
food; they also support biodiversity and help to 

regulate climate, floods and droughts. However, 
soils – and the many varied benefits they provide to 
humans and wildlife – are at risk from changes in 
climate and land use.

Researchers found that in 
plots mimicking future drought 
conditions, the soil lost up to 
10% of stored carbon back into 
the atmosphere.

Studying the soil
For the past 20 years, scientists 
from UKCEH have been carrying out 
experiments at Clocaenog to assess 
soils’ response to global warming and 
drought. Receiving a much higher 
annual rainfall than average, the 
area’s ecosystem is dominated by 
heather, moss and lichen, and it holds 
a large pool of soil carbon. 
Experimental plots are designed 
to reduce the amount of rainfall 
reaching the vegetation and the soil, 
and to increase the air temperature. 
Researchers found that in plots 
mimicking future drought conditions, 
the soil lost up to 10% of stored 
carbon back into the atmosphere. 
Research at Clocaenog, which is 
part of European climate change 
manipulation network, INCREASE, 
has resulted in more than 60 scientific 
publications to date. Professor 
Bridget Emmett says: “Long-term 
monitoring sites such as Clocaenog 
are essential to furthering our 
understanding of the long-term 
impacts of climate change on plants 
and soils.” 
With soil health at centre-stage 
of governments’ plans to support 
sustainable land management, 
continued investment in soil science 
will help to secure a sustainable and 
prosperous future for the UK. 
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Healthy soils can mitigate climate change. This could 
be directly, by ‘locking in’ and keeping soil carbon that 
would otherwise be released into the atmosphere as 
CO2 or methane, or indirectly, by supporting the growth 
of plants, which remove CO2 from the atmosphere via 
photosynthesis.
Conversely, certain land management practices such 
as drainage for agriculture and forestry use, inefficient 
application of fertiliser, over-tillage and livestock grazing 
can exacerbate soil degradation, causing the extensive 
release of soil carbon and limit plant growth. This leads 
to negative impacts on the ecological food chain and the 
amount of CO2 captured from the atmosphere. 
As part of efforts to tackle the problem, the LOCKED 
UP project – led by UKCEH and backed by a grant of 
£1.8 million from NERC – is enabling scientists to better 
understand the processes of soil carbon formation, 
stabilisation and loss. The multidisciplinary project will 
help quantify the amount by which we can increase soil 
carbon storage to mitigate climate change.
UKCEH’s Dr Jeanette Whitaker, who is leading the project, 
says: “For the UK, the focus needs to be on reversing losses 
of soil carbon in cropland and peatland soils. This will 
improve soil health and resilience, which in turn will support 
future generations of farmers and foresters, as well as 
support the rich biodiversity of soil. It will also contribute to 
climate change mitigation.”

Vicious circle
Another NERC-funded research project, at a long-term 
soil experimental facility in Clocaenog, North Wales, led 
by UKCEH, has found that soils are themselves affected 
by changes in rainfall patterns and higher temperatures 
caused by climate and land use changes. 
When soils are very wet, as is the case for upland soils 
during many parts of the year, they release less carbon 
because soil organisms are less active and plant material 
decomposes very slowly. However, when soils dry out, 
soil activity and decomposition speed up, leading to an 
increase in the release of carbon. 
Dr Sabine Reinsch, a soil ecologist at UKCEH, says: “Global 
warming causes more frequent dry spells, so the soil's 
ability to keep its carbon is reduced, resulting in a greater 
amount of CO2 being released into the atmosphere. This, in 
turn, contributes to increased warming and more frequent 
droughts, thereby further increasing the amount of CO2 
released into the atmosphere by soils. It is a vicious circle.”  

Digging the dirt 
n Soils provide a home to a quarter of the species on Earth.

n Soil is made up of organic matter, minerals, air, water and 
a variety of organisms including plants, invertebrates 
and microbes. The organic matter is derived from the 
decomposition of these organisms, while the minerals 
are particles from large rocks that have been broken 
down by physical, chemical and biological processes over 
a long period of time.

n About one-third of the world’s soils have been degraded 
throughout human history, adding almost 500 billion 
tonnes of CO2 to the atmosphere.

n Soils are crucial to mitigating climate change. Plants 
channel CO2 from the air to soils and consume about 
one-third of the CO2 that humans produce. Of that, about 
10-15% ends up in the soil.

❝ For the UK, the focus needs 
to be on reversing losses of soil 
carbon in cropland and peatland 
soils.
Dr Jeanette Whitaker, UKCEH
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The Southern Ocean – that stormy and remote sea 
that separates the Antarctic from Africa, Australia 
and Latin America – is one of the hardest places 

on Earth to carry out scientific research. But there 
is a growing realisation that in the era of climate 
change, we need to understand it better.

Ocean role

RoSES (Role of the Southern 
Ocean in the Earth System) – a 
five-year, £7-million programme 

led by NERC and running until 2022 – 
is designed to improve assessment of 
the Southern Ocean carbon sink and 
increase understanding of the role of 
the Southern Ocean in 21st-century 
global climate change.
Mark Brandon is professor of polar 
oceanography at the Open University 
and Chair of the Programme Advisory 
Group for the RoSES programme. He 
says: “The Southern Ocean has long 
been seen as a backwater, but we now 
realise that the polar oceans are the 
front line of climate change impact on 
the planet.”
Brandon has been heavily involved 
in BBC science projects with Sir 
David Attenborough, including Blue 
Planet which had a 500 million global 
audience. As a result of that success, 
he says, people now realise that 
anything that goes into the ocean, 
such as waste plastic, may finish up in 
some remote region of the Earth. 
This global movement of matter is 
the reason for modern interest in the 
Southern Ocean, which is central to 
the three-dimensional flow of water 

through the world’s seas. The ocean 
currents carry heat, and they absorb 
and release greenhouse gases as they 
change temperature. The Southern 
Ocean has a key role in this global 
carbon cycle, because the waters 
there absorb carbon. As Brandon 
says, “Although the Southern Ocean 
is stormy and remote, we have to 
understand it if we are to understand 
and control climate change.”
Brandon explains that RoSES faces 
three main challenges. “The first is 
to understand the Southern Ocean 
carbon sink as It exists today. This 
work is being done by a group led 
from the University of East Anglia. 
Then we need to look at where carbon 
goes in the Southern Ocean. This 
involves two projects: one looking at 
shallower waters, called CUSTARD, 
and another concentrating on the 
deep ocean, called PICCOLO.” 
These two are led from the National 
Oceanography Centre in Southampton 
and UEA respectively. 
The third priority is to develop what 
Brandon terms “policy-informing” 
insights from this research. Here 
the task is to produce outputs that 
climate policymakers can use. 

To do this, RoSES includes two 
projects on the Southern Ocean as 
a sink for carbon. One based at the 
University of Liverpool, and called 
SARDINE, is finding out whether the 
waters of the Southern Ocean are 
saturated with carbon dioxide, or are 
capable of dissolving more. Brandon 
says that this is a “big unknown 
that is important to tie down” for 
the Intergovernmental Panel on      
Climate Change.

Ship to shore
The RoSES projects involve both 
research cruises in the Southern 
Ocean, and UK-based modelling. To 
get a grasp of the current state of the 
Southern Ocean, UEA is carrying out 
a desk-based study called SONATA, 
while the British Antarctic Survey is 
performing research in the Southern 
Ocean involving 20 research groups 
in the UK. Continuing the musical 
theme, this part of the programme is 
called ORCHESTRA.
The task of mapping carbon flows in 
the Southern Ocean involves research 
cruises for each part of the project, 
as well as modelling work and biology 
experiments carried out in the UK. 

Turning trailblazing science into 
agenda-setting TV
Scientists have played a key role in 
the development of TV that inspires 
environmental action, generates 
export income and boosts British 
influence worldwide. All three academic 
consultants working on the BBC’s Blue 
Planet II series were funded by the 
Natural Environment Research Council. 
88% of viewers said the series inspired 
them to change their behaviour.
https://nerc.ukri.org/research/impact/
casestudies/society/tv/

Open University

Professor Mark Brandon with 
Sir David Attenborough.
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Brandon says that this adds up to “a vast amount 
of work on ships and planes, and through remote 
sensing technology.” By contrast, the production of 
policy-informing outputs will call for what he terms 
“hardcore modelling,” based on data from the earlier 
phases of the programme.
While today’s policymaking tends to be about 
carbon dioxide and other greenhouse gases in the 
atmosphere, Brandon points out that there is far 
more carbon in the deep oceans then in the air we 
breathe, dragged into the deep by ocean circulation in 
the Arctic and Antarctic. “This carbon can be buried 
in deep sediments,” says Brandon, “or can come 
back to the surface and be released.” In the first 
case, it is removed more or less permanently from 
the atmosphere, but in the second, it can be back in 
circulation much more quickly. 
This issue is already a UK priority, and Brandon 
expects there to be follow-up work in this complex 
area of research. Part of the picture is seasonal 
variation. The animals that absorb carbon into the 
ocean are most active when there is more warmth 
and light. “We know that more carbon is absorbed by 
plants during the Northern hemisphere spring, and 
we expect the same effect in the Southern Ocean. 
But at the same time, the winter weather is rougher, 
so we get more mixing of surface waters.” That too is 
likely to mean more carbon being absorbed.
For the climate as for many other aspects of the 
Earth system, the present is the key to the past. So 
it is important to understand how the climate of the 
Southern Ocean region has changed over time. The 
ORCHESTRA project has provided ocean-based data 
on past climates. In addition, Brandon points out, the 
UK and the US are leading drilling campaigns at the 
Thwaites Glacier on the Antarctic mainland to gather 
data on past climates and to understand how those 
glaciers are melting. He says: “That drilling should 
give us information on climate in the past 10,000 to 
100,000 years. This will be very helpful for RoSES, 
whose priority is the next 100 years.” But he warns 
too that the present day is a difficult time for making 
predictions. “Today’s science is based on what 
happened in the last ice age, which is very different 
from the current anthropogenic effect [of global 
warming].”
This adds up to a complex scientific picture. But 
Brandon is clear about the overall message: it is 
vital for the human race to emit less carbon. “We 
are already seeing the effects of climate change. 
Because the oceans take up heat, we do not feel 
the full impact. But we can already see the warmer 
oceans influencing wind patterns and weather 
systems.” He adds that while research will say in 
detail where carbon goes in the Earth system and 
where the big impacts are, temperature rises in the 
Arctic have already reached the 1.5 degree limit 
targeted in the 2015 Paris Agreement. 
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ORCHESTRA: TUNING INTO ANTARCTIC CURRENTS
Climate change is one of the most urgent issues facing humanity and life on 
Earth. Whilst our everyday understanding of climate concerns the warmth 
of the atmosphere, the ocean is critical in controlling how our planet’s 
climate changes. This is because the ocean absorbs vast quantities of heat 
and carbon dioxide which, had they had remained in the atmosphere, 
would have greatly accelerated the rate of climatic change there.

We don’t fully understand how heat and carbon move between the atmosphere and the 
Southern Ocean, or how these processes may be sensitive to change under a warming 
world. ORCHESTRA will span five years and use a combination of data 
collection, analyses, and computer simulations to radically improve 
our ability to measure, understand and predict the circulation of 
the Southern Ocean and its role in the global climate. 

Since the industrial revolution, the global ocean has 
absorbed around 30% of the CO2 created by humans and 
about 93% of the heat created since the onset of global 
warming. Although the Southern Ocean occupies only 
around 30% of the total ocean area, it absorbs about 
three-quarters of the heat that is taken into the ocean, 
and approximately half of the CO2. 

A network of Argo floats, equipped 
with sensors drift through the ocean, 
sinking every ten days to a depth of 
about 2,000 metres and then rise back 
to the surface, making measurements 
as they go. At the surface they 
transmit their data to satellites. Sensor 
packages will also be attached to 30 
Weddell seals that will measure ocean 
salinity and temperature. 

A cluster of six 
deep-ocean moorings 

anchored to the sea floor 
will collect year-round 

data. They will measure 
how much heat is 

transported into the deep 
ocean by monitoring 
water temperature, 

salinity and currents.
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Numerical models can also be as a tool to understand the circulation of the 
ocean. The data collected during the ORCHESTRA project will aid the 

development and improvement of advanced ocean and climate simulations. 
The model below shows how the Southern Ocean is full of strong currents 

and highly variable eddies that act as the weather of the ocean.

COMPUTER MODELLING

floats and 
seal tagging

DEEP-ocean
moorings

NERC’s Twin Otter aircraft will measure surface 
and air temperature, wind, atmospheric CO2, and 
atmospheric heat fluxes, as well as monitoring sea 
ice conditions. This will be used to build up a 
better understanding of how the atmosphere and 
ocean exchange heat and CO2.

AIRCRAFT
Data collected by Earth Observation Satellites will 
be used to study the properties of the ocean, sea 

ice, and atmosphere, and how they interact. 
Satellites will measure the height of the sea’s 

surface and monitor ocean currents and circulation; 
they can also measure atmospheric wind speeds.

EARTH OBSERVATIONS

Autonomous underwater ocean gliders 
are robots that use changes in buoyancy 

to move through the water. They will 
collect data on ocean heat content, on processes driving 

surface heat into the ocean interior, and on how 
turbulence mixes the different layers of the ocean.

AUTONOMOUS VEHICLES

NERC’s research ships will 
undertake 12 expeditions 
over five years. They will 
take measurements of the 
water’s temperature, 
pressure, density and 
salinity (saltiness) to build 
up a picture of how the 
ocean changes from one 
year to the next. 

At the poles, surface 
waters cool and get 
saltier, via heat loss and 
sea ice formation. 
This water sinks.

With no continents to block its 
flow, the Circumpolar Current 
can flow freely around 
Antarctica – circulating waters 
into the surrounding oceans. Deep water 
surfaces in a process called upwelling.

The warm surface current flows north 
towards Greenland to complete the cycle.

SHIPS

The global
conveyor belt

Dense waters sink, carrying 
carbon dioxide into the 

global abyss

Heat and CO2
 from the atmosphere is taken up by 

the ocean and deposited into the deep ocean. Here 
it can be locked away for hundreds of years

This process is particularly complex in the Southern 
Ocean around Antarctica where heat and carbon can be 

dragged into global abyss and locked away from the 
atmosphere for centuries.

Old, deep waters 
upwell to the surface 

Waters of 
increasing 
density, due to 
different salinity and 
temperature, form 
layers from different 
formation routes

Turbulence causes mixing 
between ocean layers
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Climate change is one of the most urgent issues facing humanity and life on 
Earth. Whilst our everyday understanding of climate concerns the warmth 
of the atmosphere, the ocean is critical in controlling how our planet’s 
climate changes. This is because the ocean absorbs vast quantities of heat 
and carbon dioxide which, had they had remained in the atmosphere, 
would have greatly accelerated the rate of climatic change there.

We don’t fully understand how heat and carbon move between the atmosphere and the 
Southern Ocean, or how these processes may be sensitive to change under a warming 
world. ORCHESTRA will span five years and use a combination of data 
collection, analyses, and computer simulations to radically improve 
our ability to measure, understand and predict the circulation of 
the Southern Ocean and its role in the global climate. 

Since the industrial revolution, the global ocean has 
absorbed around 30% of the CO2 created by humans and 
about 93% of the heat created since the onset of global 
warming. Although the Southern Ocean occupies only 
around 30% of the total ocean area, it absorbs about 
three-quarters of the heat that is taken into the ocean, 
and approximately half of the CO2. 

A network of Argo floats, equipped 
with sensors drift through the ocean, 
sinking every ten days to a depth of 
about 2,000 metres and then rise back 
to the surface, making measurements 
as they go. At the surface they 
transmit their data to satellites. Sensor 
packages will also be attached to 30 
Weddell seals that will measure ocean 
salinity and temperature. 

A cluster of six 
deep-ocean moorings 

anchored to the sea floor 
will collect year-round 

data. They will measure 
how much heat is 

transported into the deep 
ocean by monitoring 
water temperature, 

salinity and currents.

ANTARCTIC

CONTINENTAL

SHELF

MID-OCEAN

RIDGE

He
at

 a
nd

 C
O 2

Numerical models can also be as a tool to understand the circulation of the 
ocean. The data collected during the ORCHESTRA project will aid the 

development and improvement of advanced ocean and climate simulations. 
The model below shows how the Southern Ocean is full of strong currents 

and highly variable eddies that act as the weather of the ocean.
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DEEP-ocean
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NERC’s Twin Otter aircraft will measure surface 
and air temperature, wind, atmospheric CO2, and 
atmospheric heat fluxes, as well as monitoring sea 
ice conditions. This will be used to build up a 
better understanding of how the atmosphere and 
ocean exchange heat and CO2.

AIRCRAFT
Data collected by Earth Observation Satellites will 
be used to study the properties of the ocean, sea 

ice, and atmosphere, and how they interact. 
Satellites will measure the height of the sea’s 

surface and monitor ocean currents and circulation; 
they can also measure atmospheric wind speeds.
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Autonomous underwater ocean gliders 
are robots that use changes in buoyancy 

to move through the water. They will 
collect data on ocean heat content, on processes driving 

surface heat into the ocean interior, and on how 
turbulence mixes the different layers of the ocean.

AUTONOMOUS VEHICLES

NERC’s research ships will 
undertake 12 expeditions 
over five years. They will 
take measurements of the 
water’s temperature, 
pressure, density and 
salinity (saltiness) to build 
up a picture of how the 
ocean changes from one 
year to the next. 

At the poles, surface 
waters cool and get 
saltier, via heat loss and 
sea ice formation. 
This water sinks.

With no continents to block its 
flow, the Circumpolar Current 
can flow freely around 
Antarctica – circulating waters 
into the surrounding oceans. Deep water 
surfaces in a process called upwelling.

The warm surface current flows north 
towards Greenland to complete the cycle.
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The global
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Heat and CO2
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Life stranded in ice
Scientists are currently 
marooned onboard the 
icebreaker RV Polarstern due to 
the COVID-19 lockdown; we hear 
first hand how they are coping, 
what life is like on the ship, and 
what ongoing experiments can 
reveal about climate change in 
this fascinating region.

The Arctic is the global epicenter 
of climate change, and yet we 
know almost nothing about it. 

Warming rates are twice the global 
average, with scientists predicting 
that the Arctic Ocean could become 
ice free in the summer by 2050. The 
effects of this rapid warming aren’t 
limited to the polar ice caps – what 
happens in the Arctic has untold 
consequences on the weather 
and climate patterns of the entire   
northern hemisphere.
However, despite this, the Arctic is 
one of the least understood places 
on the planet. While the Antarctic 
is bursting with manned research 
stations, the North Pole has at best a 
few temporary stations, drifting on the 
sea ice. In the winter this sea ice  is so 
thick that even the best icebreakers 
cannot penetrate into  the Arctic, 
meaning that the central Arctic has 
remained a ‘black hole’ in terms of 
understanding the processes at work 

in the ocean, ice and atmosphere.
This is all set to change thanks to the 
efforts of a global team of scientists 
currently marooned on a ship, and 
drifting slowly across the central 
Arctic Ocean.
The year-long expedition began in 
September 2019, with the German 
icebreaker RV Polarstern setting 
sail from Tromsø, Norway. In the 
winter, Arctic ice is so thick that it is 
impossible to just sail to the North 
Pole, so the crew’s first job was to find 
an ice floe big and strong enough for 
the ship to become ensconced in, and 
to set up a makeshift research station 
on the ice. Now the ship is trapped, 
the hope is that the floe will passively 
drift towards the Fram Strait, an ocean 
passage located between Greenland 
and Svalbard.
The expedition is the first of its kind, 
and the logistical challenges alone 
are immense. Nothing like this has 
been attempted since the Norwegian 

RV POLARSTERN

Miss Piggy, the nickname of the weather balloon 
that measures in situ meteorological and aerosol 
data, being readied for launch.
Michael Gutsche/Alfred-Wegener-Institut



researcher and explorer Fridtjof 
Nansen set out on his wooden sailing 
ship Fram in 1893 with the intention 
of drifting to the North Pole. Nansen 
abandoned his ship after it began 
floating south rather than north; he 
tried to make it on foot but was forced 
to turn back. 
127 years later, and the logistics are 
no less daunting. More than 600 
scientists from 20 different countries 
must take it in turns to take up their 
berths, set up their instruments, 
and conduct measurements of the 
atmosphere, sea ice, ocean and 
ecosystems surrounding the ship. 
Those working in the winter will face 
temperatures as low as -45°C. To put 
it in perspective, at that temperature 
batteries no longer work, cables and 

Corona outbreak.
“It was still winter when I arrived, 
with the sun below the horizon and 
temperatures down to -40°C,” says 
Frey. “After weeks of travelling through 
the polar night in the Arctic pack ice, 
it was an amazing feeling to finally 
see the lights of RV Polarstern at the 
horizon – signs of life in the central 
Arctic ocean, one of the most remote 
places on Earth. After this long 
journey I was very eager to see my 
container lab and instruments, and 
start work on the ice floe.”
Frey is leading the SSAASI-CLIM (Sea 
Salt Aerosol above Arctic Sea Ice) 
project, which aims to investigate 
the impact that small salt particles 
released above sea ice – known as 
sea salt aerosols (SSA) – have on 

RV POLARSTERN

“After weeks of travelling through the polar night 
in the Arctic pack ice, it was an amazing feeling to 
finally see the lights of RV Polarstern at the horizon 
– signs of life in the central Arctic ocean, one of the 
most remote places on Earth.”

plastic straps break, and you can’t 
even write with a pen; any manual 
action takes at least three times as 
long as in a warm lab. Along with 
biting temperatures, scientists in the 
second leg of the mission have had to 
work in complete darkness – with no 
sunlight at all until mid February.  
If that isn’t enough, the current crop 
of researchers onboard have had 
to contend with the outbreak of a 
global pandemic, which has at the 
time of writing has meant that several 
research flights due to take off from 
Svalbard, Norway have been cancelled, 
and the next rotation of researchers, 
scheduled to join the RV Polarstern 
in early April, have been unable to 
embark. As a consequence, there will 
be only one more team exchange, 
instead of two.
Markus Frey (far left), an Atmospheric 
and Glaciochemist at the British 
Antarctic Survey has been on board 
the ship since 3 March. Although 
originally scheduled to remain until 
early April, he has had to brace himself 
for a two month delay due to the 

cloud formation in the Arctic.
Currently, Arctic clouds are poorly 
represented in climate models, and 
we don’t know how they contribute 
to warming in the region. Gaining a 
better understanding of SSAs will 
not only help us understand current 
Arctic climate change, but will also 
provide a baseline against which to 
assess anthropogenic pollution in the 
region, and evaluate the success of 
mitigation measures.
Ongoing experiments include 
measuring the size and concentration 
of SSAs, and using a tethered balloon 
to probe the lower 1,000m of the 
atmosphere and investigate the fate 
of particles formed near the sea ice 
surface.
As well as COVID-19, Frey has had 
to contend with a number of Arctic 
storms which have made working on 
the ice floe very challenging.
“If there is one thing I have learned 
over the past weeks about sea ice, it is 
to be ready for another surprise each 
morning,” says Frey. “More storms 
than typical for this time of year have 

led to frequent floe breakups around 
the ship, changing the landscape of 
our field site dramatically on a daily 
basis. We have had to cross newly 
opened leads on foot, by pontoon 
bridge or even kayak; climb pressure 
ridges to reach our instruments;   
carry out maintenance work; and 
replace cut-off power lines with 
generators. On one occasion I lost a 
mast with snow sample collectors, 
which fell into the sea after an ice 
break up event.”
Researchers must also contend with 
the odd polar bear wandering onto the 
ice floe, and there is always a bear-
guard on duty when scientists are 
working. However this is routine for 
any Arctic expedition, in contrast to 
the unforeseen impact of coronavirus 
and ensuing lockdown. Frey has 
previously led scientific expeditions to 
Antarctica, the Arctic and the Bolivian 
Andes, but this is the first time he or 
indeed anyone has done so amidst a 
global pandemic. 
“It is very difficult to imagine from the 
point of view of an ice floe at 84°N 
how the world as we know it has 
changed,” says Frey. “We watch the 
news every day, including the German 
TV news show from the previous day, 
and my colleagues at BAS send me 
regular updates as well. But the new 
1.5m-society is still hard to grasp.”
“In terms of the impact on the 
mission, my opinion these are 
unforeseen circumstances, but are to 
be expected with an expedition, where 
not every detail can be planned in 
advance,” says Frey. “Compared 
to the explorers of the Heroic 
Age we are still in a very 
comfortable situation, 
with enough food and 
fuel, communication 
to the outside 
world and the 
opportunity 
to carry out 
some great 
science.”
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greenhouse gas emissions. So much 
so that a recent report from the British 
Geological Survey (BGS) warns that 
the only way the UK can meet its 
2050 zero emissions goal is through 
harnessing geothermal energy.
One option is to drill deep down into 
rocks to access hot waters directly. 
In most regions of the UK this would 
be madness, as the drilling costs 
would be astronomical. However in 
the south west of England, where 
the crust contains large amounts of 
heat producing granites, it may be 
feasible, and a geothermal power 
plant is currently under development 
at United Downs. One study (www.
theguardian.com/environment/2012/
may/30/geothermal-energy-uk-power) 
even predicted that water extracted 
from Cornwall’s granite crust could 
provide a fifth of the UK’s power 
needs. However the risks from drilling 
deep boreholes into the Earth’s crust 
are not yet fully understood, with 
some fearing the impacts on seismic 
activity.
BGS scientists in Cardiff believe 
that a more promising route lies in 

GEOTHERMAL ENERGY

Heat source
The untapped reservoir of hot water beneath UK cities 
could provide green energy for millions of homes.

A pilot scheme in Cardiff shows 
that it is possible to heat 
buildings using groundwater 

beneath the Earth’s surface. If this 
technology was rolled out across 
the UK it could provide green energy 
for millions of homes and small 
businesses.
The UK has set an ambitious target 
of reducing its net greenhouse gas 
emissions to zero by 2050. The 
solution may be lying right under 
our feet; there is potentially enough 
geothermal energy under the Earth’s 
crust to provide for all our power 
needs for billions of years, all we need 
do is harness it.
If you were to dig a big hole straight 
down into the Earth, you would 
notice the temperature increasing 
the deeper you go. That's because 
the inside of the Earth is full of heat 
– emanating from the planet’s core, 
and the radioactive decay of uranium, 
thorium and potassium in certain 
types of rocks. Unfortunately, most of 
this heat is inaccessible; but tapping 
just a fraction of it would make a 
substantial contribution to reducing 

accessing shallow groundwater just 
meters beneath the ground. 
“In the UK a lot of urban areas tend 
to be built on low lying flat land near 
rivers, where the groundwater tends 
to be shallow,” says Gareth Farr, a 
BGS researcher who leads the Cardiff 
Urban Geo Observatory, one of three 
such observatories in the UK. (www.
ukgeos.ac.uk/observatories/cardiff)
“When you have cities plonked on top 
of rocks and water like this, you can 
get an anthropogenic warming effect 
where heat from the surface is lost 
underground.”
This is known as the 'Urban Heat 
Island' (UHI) effect – a phenomenon 
where cities like London are one to 
three degrees Celsius hotter than the 
surrounding countryside. While the 
effects of the UHI on air temperatures 
are well known, the warming effect 
can be felt below ground too. 
“In cities you can lose heat 
underground through heated 
basements, underground car parks, or 
through underground tube systems,” 
says Farr.

A 3D geological model showing locations of the boreholes (pink dots) and right, the geological layers.

http://www.theguardian.com/environment/2012/may/30/geothermal-energy-uk-power
http://www.theguardian.com/environment/2012/may/30/geothermal-energy-uk-power
http://www.theguardian.com/environment/2012/may/30/geothermal-energy-uk-power
http://www.ukgeos.ac.uk/observatories/cardiff
http://www.ukgeos.ac.uk/observatories/cardiff
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“Underground infrastructure such as 
sewers also generate heat, as do old 
landfill sites. All these players go into 
a big mixing pot and contribute to that 
subsurface urban heat island.”
To find out more about this effect, 
Farr and his team fitted temperature 
sensors to a pre-existing network 
of 61 boreholes spread throughout 
Cardiff. They took readings every 
30 minutes for a period of over four 
years, resulting in more than 3.5 
million measurements. 
“We went out and measured borehole 
temperature profiles all the way to 
the bottom using in effect a glorified 
thermometer on a large measuring 
tape,” says Farr. “Although this 
was fairly low tech stuff, it enabled 
us to create a city wide map of 
temperatures which showed much 
warmer temperatures below ground 
than we expected”.
The map showed that between the 
months of September and December, 
groundwater temperatures can reach 

GEOTHERMAL ENERGY

❝We went out and measured borehole 
temperature profiles all the way to the bottom 
using in effect a glorified thermometer on a 
large measuring tape.   Gareth Farr, BGS researcher

16.1°C – much hotter than surface 
waters which can approach zero 
degrees during these months.
According to Farr, this temperature 
gradient could be exploited to provide 
energy efficient heating for homes 
and businesses around the UK using 
ground source heat pumps (GSHPs). 
GSHPs work by physically pumping 
groundwater out of a borehole, 
passing it through a heat exchanger, 
and then returning the cooled water 
to the ground. The heat exchanger 
effectively passes the heat to the 
building, where it can be used to heat 
hot water, radiators and underfloor 
heating systems.
Unlike deep geothermal, ground-
source heat pumps can be installed 
almost anywhere. To prove this, Farr 
and his colleagues installed boreholes 
and heat pumps at a nursery school  
in Cardiff. 
“We chose a small nursery school in 
Grangetown whose gas boiler was 
nearing the end of its life,” says Farr.

“They very kindly agreed to let us 
dig up their playground. However 
we replaced the swings and all you 
can see now on the surface is two 
manhole covers and a small green 
shed where the heat pumps live.”
The installation enabled the school 
to almost entirely turn off their gas 
supply. While they do have to use 
some electricity to run the pump, in 
theory as the council moves towards 
totally renewable technology, in 
a few years CO2 emissions could 
diminish to almost zero. If the 
scheme was a standard installation, 
the government’s renewable heat 
incentive would even leave the   
school a few thousand pounds a    
year in pocket.
“In theory the school is not beholden 
to any fluxes in the gas market or gas 
supply, so that provides them with an 
element of security,” says Farr. “They 
need electricity to operate their site, 
but in theory they could generate on 
their roof with solar panels and be 
totally off grid”.
As well as helping to keep children 
warm, the pilot scheme shows that 
the technology works, and can be 
scaled up. A study by BGS showed 
that existing boreholes operated 
by Cardiff Harbour Authority could 
supply enough energy to heat about 
74 homes, and the groundwater 
beneath Cardiff could generate the 
equivalent of 26% of the city's 2020 
heating demand.
The technology could really be applied 
anywhere where there is substantial 
water availability underground. 
However there are still a number of 
hurdles that need to be overcome.
“One of the reasons we did this was to 
show regulators what the technology 
looks like and how it works, as I think 
one of the main barriers is people  
being unfamiliar with this technology”, 
says Farr.
“Another issue is that we don’t really 
understand who owns heat in the 
subsurface yet. It is a bit of a wild 
west setup, where in theory you could 
have as many GSHPs as you wanted 
down there. However when you have 
multiple users in a city all next door 
to each other, you really want to avoid 
stealing your next door neighbours’ 
heat supply.” 

Ashley Patton, BGS engineering geologist, measuring soil properties in Cardiff.



WIND POWER

Harnessing the wind
Wind power is one of the key technologies for humanity’s future 
energy needs. And one of the best places to exploit it is offshore, 
where the wind is more reliable and where there are fewer objections 
to big wind farms.

While seas and oceans cover about 70% of the Earth’s surface, there 
are limits to the amount of this vast area that can be used to produce 
wind power with today’s technology. The reason is that existing wind 

turbines have to be fastened to the sea floor, limiting their deployment to shallow 
areas of the ocean.
This problem has been the focus of UK and CHN CORE, the UK and China Centre 
for Offshore Renewable Energy. Chaired by the UK’s Lars Johanning, Professor 
of Ocean Technology at the University of Exeter, its further UK partners included 
Imperial College London, Oxford University and the University of Strathclyde. 
UKRI’s NERC and EPSRC research councils distributed UK development money 
from the Newton Fund for research and innovation, and observed the projects. 
The three-year programme, which involved five projects, will end in January 
2021. The UK spent £4 million on CORE and the principal Chinese partner, the 
National Natural Science Foundation of China (NSFC), contributed £1.5 million. 
The programme was inspired by the surprising realisation that as Johanning 
puts it, we may “run out of seabed.” He explains: “Today we can site an offshore 
wind farm in 30m of water. It may be possible to extend that to 50m.” This is the 
limit beyond which it becomes difficult to fix or otherwise stabilise a big wind 
turbine to the seabed. And as Johanning says; “There are other stakeholders 
with an interest in the sea [at these depths], including shipping, fisheries and the 
military. Being able to use deeper water will vastly increase the area available for 
wind generation.” 
The UK and China both have long coastlines, making them natural users of 
offshore wind power. And each has a commitment to renewable energy as 
part of the process of decarbonising their economies. In addition, many of 

China’s cities have an 
acute problem with local 
air quality. Coal-burning 
power stations are a major 
contributor to this pollution, 
and the need to close them 
is a further incentive for 
investment in wind power. 
To extend the area of ocean 
that can be used for wind 
power, it will be necessary 
to mount wind turbines on 
floating platforms. This 
raises big engineering 

challenges, since these turbines are big, rotating machines unlike anything now 
seen in the open ocean. And while floating platforms have long been used by 
the oil and gas industry, this technology cannot be transferred directly to wind 
generation. 
One focus of the CORE research has been to prove the viability of floating 
offshore systems by modelling ways in which existing small platforms could 
be scaled up and used in actual offshore environments. In addition, more 

The UK spent £4 million 
on CORE and the principal 
Chinese partner, the National 
Natural Science Foundation 
of China (NSFC), contributed 
£1.5 million.
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www.ukchn-core.com

The five UK-CHN 
CORE projects

MOD-CORE: 
University of Strathclyde 
and Chongqing University
EPSRC funding: £799,386

This project was designed to advance 
the use of virtual prototyping in the 
design and optimisation of Power 

Takeoff systems for offshore 
renewable energy.

Inno-MPP: 
Investigation of the novel 

challenges of an integrated 
offshore Multi-Purpose Platform. 

University of Strathclyde and Harbin 
Engineering University 

EPSRC funding: £785,722
Tackled challenges facing the integration of 

different offshore technologies, such as
renewable energy and aquaculture, in a 

Multi-Purpose Platform (MPP) system allowing 
for manufacturing, installation, operation and 

decommissioning and maintenance 
costs of different facilities 

to be shared.

FENGBO-WIND: 
Big data in Offshore Wind: 
Imperial College London 

and Yonghua Song, 
Zhejiang University

EPSRC funding: £797,054
The FENGBO-WIND project aimed to 

utilise developments in high-performance 
computing, physics-based modelling 

and data science to support the 
design and operation of more 

economical offshore 
wind farms.

Extreme wind and 
wave loads on the next 

generation of offshore wind 
turbines: 

University of Oxford and Shanghai 
Jiao Tong University

EPSRC funding: £799,386
The aim of this project was to improve 

the design methodology for offshore wind 
turbine farms, leading to reductions in 

environmental impact, design 
uncertainties and ultimately 

the cost of energy.

ResIn: Resilient 
Integrated-Coupled FOW 

platform design methodology. 
University of Exeter and Dalian 

University of Technology 
EPSRC funding: £811,976
Intended to provide a foundation 
to develop and demonstrate an 
integrated approach to system 

resilience for offshore 
renewable energy.

WIND POWER
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innovation will be needed to get costs down. Floating 
offshore wind may eventually be able to produce electricity 
for about 4.5p per unit, which Johanning points out is “less 
than oil, coal or nuclear,” once the technology has been 
developed and scaled up. 
Both the UK and China have invested heavily in today’s 
offshore wind technology. But for both partners, the shift 
to floating wind farms is an important next step. Johanning 
says that the CORE research is now being built into Chinese 
energy policy, within a five-year plan to introduce more  
low-carbon offshore renewables.

Atmospheric effect
Replacing today’s fossil-fuelled power generation with 
renewables is a massive undertaking. And while we largely 
understand the environmental effects of carbon emissions 
on the atmosphere, it is now becoming important to grasp 
the environmental consequences of big renewable  energy 
projects. 
Part of the CORE programme (Fengbo Wind) was intended 
to look at these impacts. Johanning says: “It is important 
to understand the complex interactions between the 
individual wakes of single wind turbines in a farm and the 
combined atmospheric turbulence that results, to inform 
and optimise design. Furthermore, we need to understand 
the possible effects in the atmosphere to avoid significant 
environmental impacts.” Johanning says that this part of 
this programme was carried out by models running on a 
Chinese supercomputer.
The wider aspect of the programme involved modelling the 
atmosphere, the oceans and the interaction between them, 
in order to see the possible effects of integrating large-
scale offshore renewables into the energy mix, and their 
contribution to addressing global climate change. 
However, the use of floating wind turbines can also 
bring socio-economic gains. Another CORE project 

(Inno-MPP) looked at the possible integration of the 
aquaculture industry into massive offshore structures 
wind installations. “That would make this technology 
[economically] useful in two different ways,” says 
Johanning. 
He adds that working with Chinese partners has been a 
positive experience. “It was very interesting to see the 
cultural differences between Europe and China,” he says, 
“but there was never a problem with working together in 
research and development. It was possible to exchange all 
the information we needed in order to be innovative, and 
knowledge flowed in both directions.” 
The CORE research programme has attracted the attention 
of China’s large windpower industry. Johanning says that 
companies such as MingYang WindPower and Goldwind, 
which are among the world’s biggest manufacturers of 
onshore and offshore wind turbines, showed interest at 
a recent outreach event and were partners in the CORE 
projects. 
Despite the end of the CORE programme, Johanning has a 
five-year agreement with his Chinese partners to continue 
this research. He anticipates that the positive collaboration 
that has taken place to date will continue. 

Fuelling growth of UK renewables
NERC solutions drive growth of UK renewables 
by enabling government licensing and reducing 
operating costs. Our science has been key to 
assessing the safety of tidal energy turbines to 
marine mammals, the effects of wind turbine 
installations on coastal erosion, and the feasibility 
of tidal barrages.
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Building resilience
While investing in renewables and sucking CO2 
from the atmosphere can help mitigate some 
of the effects of climate change, it’s likely the 
planet will continue to warm. Hotter summers 
and wetter winters will bring with them new 
challenges and opportunities, and it’s vital that the 

UK prepares for and adapts to these changes. The 
UK Climate Resilience programme, a collaboration 
between UKRI and the Met Office, brings together 
climatologists, social scientists, biologists, 
engineers and researchers from every background 
imaginable to help in this effort.

February 2020 was the wettest 
February on record for England, Wales 
and Northern Ireland. A succession 
of Atlantic storms (Ciara, Dennis 
and Jorge) brought with them heavy 
rainfall and flooding to parts of 
Yorkshire, Wales and the Midlands.
In November too, rivers in South 
Yorkshire and north Derbyshire burst 
their banks after an entire month’s 
worth of rain fell in just 24 hours. 
Roads and rail lines were closed, 
people were stranded, hundreds of 
properties were flooded, and one 
woman lost her life. Scientists predict 
that ‘extreme’ events such as these 
will become increasingly common as 
our climate warms; so what needs to 
be done to protect communities from 
more flooding in the future?

Building flood resilience
According to Liz Sharp, Senior 
Lecturer in Urban Studies and 
Planning at the University of Sheffield, 
ordinary people and communities 
can play a huge role in protecting 
their own neighbourhood simply 
by collecting rain in a water butt 
or raintank, a process known as 
rainwater harvesting (RWH).
“In the countryside, rain simply soaks 
into the ground, or puddles and then 
evaporates. However in urban areas 
concrete streets and tiled roofs direct 
heavy rain flow straight into the 
sewer,” says Sharp.
“Unfortunately, sewers may not be big 
enough to cope with the increased 
load, leading to localised flooding and 
sewage polluting rivers.”

Collecting rain in a water butt or 
raintank keeps water out of the sewer, 
or at least slows down the flow. 
The collected rainwater can then be 
repurposed for watering the garden, 
or even flushing the loo. Options 
range from simple manually emptied 
water butts, to SMART raintanks that 
automatically release stored water 
when a storm is forecast. This is 
important, because for water butts 
to help in the case of heavy rain, they 
need to be empty when the rain starts. 
However until now there has been no 
data on how feasible or acceptable 
such a scheme would be to the public. 
After all, it could be annoying if you 
were saving up water for your own 
personal use, and then it was emptied 
without your permission.

Collecting rain in a water butt or raintank keeps water out of the sewer.
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As part of the Mobilising Citizens 
for Adaptation (MOCA) project, Dr 
Sharp and other researchers from the 
University of Sheffield interviewed 
residents living in two suburbs of 
Hull, a city where 8,600 homes were 
flooded in 2007, and which remains at 
high risk. The researchers also trialled 
water butts on public buildings in the 
area.
“The aim was to see whether people 
would consider using water butts to 
protect downstream communities 
from flooding, and the overwhelming 
answer was yes,” says Sharp.
“Hull is in a basin, and all the rain that 
comes into the area has to be pumped 
out to keep the city dry. If there is 
really heavy rain, like there was in 
2007, slowing the flow into the system 
could be instrumental in protecting at 
risk communities.”
The team are now working with 
The Living with Water Partnership, 
a collaboration between the 
Environment Agency, Hull City Council, 
the East Riding of Yorkshire Council 
and Yorkshire Water to install up to 
100 water butts in local communities

Protecting crops and 
agriculture 
As well as increasing the frequency 
and severity of floods, climate change 
will also have a huge impact on future 
food production in the UK. Around 
70% (17.5 million hectares) of UK land 
area is farmed, with 37% of this used 
to grow crops. 
In the short term, global warming 
may actually benefit some crops 
due to longer growing seasons and 
higher temperatures. For example, 
the UK now has a burgeoning wine 
sector that is winning international 
acclaim and awards. As the climate 
warms, winemakers are opening new 
vineyards and planting more grape 
varieties; in fact vineyards now cover 
around 2,500 hectares, an increase of 
246% on 2004 levels.
However, weather and growing season 
conditions fluctuate from year to 
year, meaning that yields and grape 
quality vary significantly. While an 
exceptionally hot and dry 2018 led 
to a record harvest, in certain years 
such as 2012, some English vineyards 
harvested no grapes at all. Early 
frosts, in particular, can kill off grapes 
before they have had a chance to 
grow. The uncertainty surrounding 
future climate conditions puts 
growers at risk, and limits investment 
in the sector. 
“Despite the narrative of opportunity 
that surrounds English and Welsh 
wine, UK grape and wine producers 
typically view climate change with 
significant concern,” says Kate 
Gannon, a researcher leading the 
project, based at the Grantham 
Research Institute on Climate Change 
and the Environment, LSE.
“Thanks to warmer summers, 
commercially popular grape varieties 
can now be grown in the UK. However 
high levels of rainfall can still 
negatively affect vine growth and 
berry quality and quantity, and spring 
air frosts present a critical threat to 
developing buds and shoots.”
To solve this problem, climatologists, 
wine sector specialists and social 
scientists are collaborating on the 
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The UK Climate Resilience Programme is jointly led by UK Research 
and Innovation (UKRI) and the Met Office with Natural Environment 

Research Council (NERC) taking UKRI lead on behalf of Arts and Humanities 
Research Council (AHRC), Economic and Social Research Council (ESRC) 
and Engineering and Physical Sciences Research Council (EPSRC).

CREWS-UK project, which will take 
advantage of the most up to date 
climate projections produced by the 
UK’s Met Office to provide growers 
and investors with the information 
they need to make business 
decisions. For example, by helping 
growers choose the best sites and 
soils to avoid frost risk, as well as 
which grape varieties to plant, which 
farming technologies to use and 
which styles of wine to make.
However, in the longer-term, a 
changing climate is likely to threaten 
crop production, due in large part 
to decreased rainfall and water 
availability. While summer 2018 was a 
bumper year for UK wine growers, the 
drought had a devastating impact on 
other crop yields.
Advances in earth observation from 
satellites and data science mean that 
a huge amount of data is available 
to help farmers and land managers 
adapt to climate change; however the 
data is often hard to access or difficult 
to understand. Working to change 
this is Professor Richard Pywell, who 
heads up CROP-NET, a project that is 
working with the farming industry to 
develop a UK wide service to predict 
climate change impacts on the yields 
of major crops and grass growth.
“So far we have worked with over 
50 farming industry and policy 
stakeholders to co-design a fully 
functioning demonstrator, allowing 
users to explore the impacts of the 
latest climate change projections on 
crop yields for their own farms,” says 
Pywell. 
“At the same time, our social 
scientists have interviewed 30 
stakeholders to explore the impacts of 
extreme weather and climate change 
on farm businesses and policy, and 
how such a predictive tool could help 
them prepare and adapt to climate 
change.”

Helping society’s most 
vulnerable
Unfortunately the people who stand 
to suffer the most from climate 
change are society’s most vulnerable, 
especially the elderly and those living 
with underlying health conditions. In 
summer 2018, four consecutive heat 
waves led to 863 excess deaths in 
people aged over 65. Elderly people 
living in care homes are particularly 
at risk, as many residential homes 
were not built to withstand high 
temperatures. A lack of effective 
guidelines about what to do during 
heatwaves can also exacerbate        
the problem. 
The Climacare project aims to change 
this by understanding the factors 
that lead to high indoor temperatures 
in care homes. So far researchers 
have monitored the summertime 
conditions in five different care 
settings in London, and conducted 
surveys with residents, frontline care 
staff and care home managers about 
their comfort levels. The team will 
now develop a number of strategies 
that care home workers can adopt 
to protect vulnerable residents from  
heat stress.
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Flood forecaster
Predicting when and where a flood will hit saves people's lives 
and livelihoods, but why is forecasting floods so hard?

In November 2019 and February 2020, severe floods 
wreaked havoc across much of the UK. Given the huge 
costs to people’s lives and livelihoods caused by floods, 

one may wonder why more cannot be done to prevent 
flooding, or at least to warn people when a flood is 
expected. 
Professor Hannah Cloke OBE is a natural hazards 
researcher and hydrologist working on exactly this 
problem. We catch up with her during lockdown to learn 
about her work predicting floods in the UK and around the 
world, as well as advising governments and humanitarian 
agencies.
“I’m interested in early warning and early action, as it’s so 
important to get people out of the way if we can tell a flood 
is coming,” says Cloke. 
“Predicting when and where a flood will hit can literally 
save people's lives, as well as their livelihoods, however it’s 
also an incredibly cost effective way of limiting the damage 
from floods; if you can do it it’s an easy win.”

So how can scientists predict when and where a flood is 
likely to occur? The first thing you need to get right is the 
weather forecast – you need to know how much rain is 
going to fall and in what areas. However, whilst weather 
predictions have come a long way in the past few decades 
– today’s three-day forecast is as accurate as a 24-hour 
forecast was in the 1990s – they are never perfect. In 
addition to a weather forecast, you also need to know a 
great deal about the landscape of local areas, so that you 
can predict the path that rainfall will take.
“For every single raindrop that falls you need to track it and 
know where it goes,” says Cloke. “There are billions upon 
billions of different routes through the landscape that a 
single raindrop might take, for example it could soak into 
the ground, or runoff into a lake or a river. Based on our 
knowledge of the landscape and environmental conditions, 
we have to model all these possibilities to predict how 
much rain will flow into rivers from above and below 
ground.”

Research led by NERC’s Centre for 
Ecology & Hydrology (CEH) has 
resulted in annual savings of between 
£76 million and £127 million due to 
a new model that enables accurate 
flood warnings five days rather than 
two days in advance. 
More info (p.8)

Minimising the effects of flooding
For over 50 years, NERC-funded scientists have researched UK sea levels, river basins, storm surges, 
aquifers and surface flows, saving lives, homes and businesses. For example:

Improved forecasting systems and 
advice provided by NERC’s British 
Geological Survey (BGS) mean that 
over 50,000 fewer UK homes have 
been flooded. The UK floods in  
2013-14 affected 6,000 homes, 
whereas the 2007 flood affected  
more than ten times that number,  
even though the more recent storms 
were more severe. 
More info (p.12)

Accurate tide and storm-surge 
information for the Thames Barrier 
provided by NERC’s National 
Oceanography Centre (NOC) helps 
protect 1.25 million people on 
the London floodplain and £200 
billion of property. NERC data and 
understanding also showed that 
the existing Thames Barrier can 
continue protecting London until 
2070, avoiding billions of pounds in 
premature replacement costs. 
More info (p.12)

Professor Hannah Cloke OBE

The existing Thames Barrier can continue 
protecting London until 2070.

https://nerc.ukri.org/about/perform/reporting/reports/impactreport2015/
https://nerc.ukri.org/about/perform/reporting/reports/impactreport2014/
https://nerc.ukri.org/about/perform/reporting/reports/impactreport2014/
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This complexity goes some way to explaining why, despite 
the advent of supercomputers and the hard work of some 
of the world’s brightest scientists, we are still some way 
from being able to predict exactly when and where a flood 
will hit.
“You’ve got all of these uncertainties, from the weather 
forecast to how you represent the landscape,” says 
Hannah. “We don't have the best information, so we have 
to make a lot of assumptions and this means there are big 
uncertainties.”
However while predicting floods at a local level is still 
notoriously difficult, researchers are making strides 
in global flood forecasting systems. For example, on 
15 March 2019, tropical cyclone Idai made landfall in 
Mozambique, causing around a thousand fatalities. 
Professor Cloke and her Reading University team used 
global earth system models to predict where the floods 
would hit, how bad they would be and when they would 
happen. Working with European partners such as 
ECMWF, the European Centre for Medium-range Weather 
Forecasts, and the University of Bristol – the team 
provided emergency flood bulletins for the Department 
for International Development and humanitarian agencies, 
allowing them to guide their aid efforts on the ground.
Global early warning systems could become increasingly 
important in the future, as climate change leads to 
increased flooding events around the globe.
“We know that many different types of floods are going 
to get worse in different parts of the world,” says Hannah. 
“Coastal flooding and flash flooding from intense rainfall in 
particular will increase as our climate warms.”

However, while warning systems have a great role to 
play, more measures may be necessary to save lives and 
livelihoods. As part of her work, Professor Cloke advises 
the Environment Agency about the relative costs and 
benefits of these decisions. 
“We have a huge number of people living in coastal cities 
which are at great risk of flooding in the future,” says 
Cloke. “Unless we make the radical decision to move 
these cities, which is unlikely, we will have to look at hard 
engineering and costly solutions such as coastal barriers 
and defences.”
“In the future we may be faced with some really difficult 
decisions about whether it is best to defend an area, or 
to retreat and give the land back to the water. One natural 
solution we are looking at is soil management, which 
means making sure we are looking after our soil so that it 
can soak up water. This means working with farmers and 
landowners to make sure that it's in their interest as well to 
provide a resource to stop us being flooded.”
However, Cloke believes that one of the most important 
things we can do to avoid the most severe outcomes is to 
make sure everyone is singing from the same hymn sheet 
when it comes to climate change and its impacts.
“There is a lot we can do now such as going round schools 
making sure that everyone is clear on what the science is 
saying, and making sure that everyone is taking climate 
change seriously – that has to be one of the most effective 
ways of dealing with what is going on.”

Aerial view of devastated fishing village 
after Cyclone Kenneth in northern 
Mozambique, 1 May 2019.

FLOODS



CARBON CALCULATION TOOLS

Helping the UK reduce 
its carbon footprint
The UK government has committed to reducing net 
greenhouse gas emissions to zero by 2050. If we 
are to achieve this ambitious target, farmers, land 
owners and businesses in general must take steps 

to lower their carbon footprint. Over the last ten 
years, NERC researchers have pioneered tools to 
help them do just that.

In 2010, Professor Adisa Azapagic, a 
chemical engineer at the University  
of Manchester developed CCaLC, 
which stands for ‘Carbon Calculations 
over the Life Cycle of Industrial 
Activities’. CCaLC is a suite of 
software tools that companies can 
use to calculate the carbon footprint 
of their products or services, and take 
steps to reduce it.
The unique selling point of CCaLC 
is that it considers the complete 
life cycle of products, rather than 
just the carbon emitted directly 
by organisations. In other words, 
it takes into account emissions 
generated along the whole supply 
chain, from the initial mining of 
primary resources, to end-of-life 
waste management. It also takes into 
account other environmental impacts, 
such as the water footprint of a 
product, or how much it contributes 
to ozone layer depletion.
So far, CCaLC has been downloaded 
by over 9,000 users in more than 90 
countries, including manufacturers 
from the chemical, food and drink, 
and bio-sectors. In the food and 

drink sector, it has been used to 
estimate the carbon footprint of 
bread, fizzy drinks and ready-meals. 
For example, the tool calculated that 
the UK population’s consumption of 
supermarket lamb curry ready-meals 
amounts to an annual carbon footprint 
equivalent to 5,500 car trips around 
the world, or 140 million car miles. 
Kellogg’s, one of the world’s leading 
producers of cereals and convenience 
foods, also used CCaLC to estimate 
the carbon footprint of their entire 
product range. The tool revealed 
that the biggest contributors to 
Greenhouse Gas (GHG) emissions 
were raw materials, packaging 
and low energy efficiency, and that 
Kellogg’s carbon footprint could be 
reduced by up to 20% by focusing on 
these life cycle stages. Kellogg’s also 
consulted CCaLC when choosing 
the ingredients and recipes for their 
Special K brand, for which both 
carbon and water footprints were 
reduced by up to 20% as a result of 
using CCaLC.
GSK, one of the world’s largest 
healthcare companies, used CCaLC to 

estimate 
the carbon 
footprint 
of 20 of 
their key 
products, 
including 
asthma inhalers 
and Horlicks. CCaLC 
showed that Ventolin, used by ~300 
million asthma sufferers worldwide, 
is one of the main contributors to the 
company’s carbon footprint. Since 
then, GSK have started to collect and 
recycle waste inhalers, saving upwards 
of 682 tonnes of CO2.
“CCaLC has been developed 
specifically for non-experts, as it 
only requires data on materials and 
energy used to manufacture the 
products, which are easily available 
to most companies,” says Professor           
Adisa Azapagic. 
“These are then combined with the 
emissions of greenhouses related to 
the specified materials and energy, 
available within CCaLC, to estimate 
the life cycle carbon footprint of                
the product.”

Carbon footprinting supports reduction strategies

Kellogg’s used CCaLC 
to estimate the carbon 
footprint of their entire 
product range.
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who originally developed the tool at 
Aberdeen University.
“However farming is quite unique – 
each farm is different, so for farmers 
to really understand what good 
practice was in terms of reducing 
carbon emissions, they needed 
something that would work for them 
and take into account their unique 
climate and soil conditions for 
example.”
Since then, the project has grown 
and become more ambitious, as 
more organisations such as AM 
Fresh, Barfoots, Boortmalt, PepsiCo, 
Heineken, Danone, Tesco, Heinz, Mars 
and McCain have got involved. Now 
the tool, run by the not-for-profit Cool 
Farm Alliance, has helped tens of 
thousands of farmers in more than 
118 countries around the world assess 
their carbon output and take steps to 
reduce it.
For example, WWF-India used CFT 
to show that cotton farmers in 
India using traditional cultivation 
methods apply almost twice as much 
fertiliser, and generate twice as much 

greenhouse gases, as those adopting 
better management practices (BMP) 
– with no effect on yield. The NGO has 
since worked with cotton farmers in 
the Warangal district of India to help 
them follow BMPs.
Since 2010, Costco has asked its 
organic egg suppliers to calculate 
their greenhouse gas (GHG) 
emissions using the tool to encourage 
carbon reductions and introduce more 
sustainable production practices. 
A study followed 10 of these large-
scale egg producers in the USA, 
who collectively produce over 600 
million eggs per year. Using the tool, 
the farmers were able to decrease 
their GHG emissions by nearly 25% 
over three years, simply by making 
small changes to feed, transport and 
manure management.
Other current users include Co-op 
Coffee, who are using the Cool Farm 
Tool to provide financial premiums 
to coffee farmers lowering their 
emissions; and Nestlé, who have 
rolled-out the CFT in 25 countries in 
order to mitigate carbon emissions 
from fresh-milk supply.

CARBON CALCULATION TOOLS

As well as boosting our mental health 
and wellbeing, the British countryside 
has a huge role to play in helping 
us tackle climate change. From 
the arable land that we use to grow 
crops, to the trees and peatlands 
that serve as natural carbon sinks, 
how we manage the great outdoors 
can determine whether we meet the 
ambitious zero emissions target by 
2050. 
For example the United Nations has 
estimated that by 2050 the world will 
need to produce 70% more food in 
order to feed a global population of 
9 billion. However, growing food is a 
major cause of global warming, and 
is responsible for up to a third of all 
greenhouse gases.
In 2010, researchers at Aberdeen 
University worked together with the 
non-profit organisation Sustainable 
Food Lab in Vermont, and the 
consumer goods company Unilever 
to launch the Cool Farm Tool (CFT) – 
an online greenhouse gas calculator 
that farmers can use to work out 
the environmental impact of their 
practices. The idea behind the tool 
is that farmers, suppliers and others 
working in the food industry can take 
steps to reduce their carbon footprint, 
while at the same time maintaining or 
even boosting yield and productivity.
“When we started building the 
tool there was a lot of pressure on 
agriculture to understand and reduce 
its greenhouse gas emissions,” 
says Dr Jon Hillier, a lecturer in 
mathematical modelling at Edinburgh, 

Cutting agriculture’s impact on climate
Screenshots from the online Cool Farm Tool. 

The Cool Farm Tool has benefited from significant 
NERC funding over the last 10 years, which, 
alongside membership contributions from the Cool 
Farm Alliance – composed of 80 members – has 
supported continuous development of the tool as 
new science emerges.
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While reducing the carbon footprint 
of farming practices will help the 
UK meet its climate targets, there 
are other things we can do too. 
For example, while peatlands are 
not always thought of as the most 
exciting or captivating of landscapes, 
these waterlogged soils, made up of 
decomposed plant remains, provide 
an amazing service. For instance, 
while peatlands cover just 3% of the 
world’s land surface, they store at 
least 550 Gigatonnes of carbon – 
more than twice that contained in all 
the world’s forests.
UK peatlands currently lock away 
more than three billion tonnes of 
carbon, greater than the amount of 
carbon soaked up every year by all of 
the world’s oceans combined. They 
also act as a home to rare wildlife, a 
source for clean drinking water, and 
provide natural flood alleviation for 
local towns and villages. Yet, due 
to years of damage, 8% of the UK’s 
peatlands are no longer in a healthy 
state.

In 2018, the UK Peatland Strategy set 
an ambitious challenge of ensuring 
2 million hectares of peatland is in 
good condition or under restoration 
management by 2040. But to achieve 
this goal, private, as well as public 
funding will be needed. To facilitate 
this, in 2015 NERC scientists helped 
the International Union for the 
Conservation of Nature (IUCN) UK 
Peatland Programme establish 
the Peatland Code, the UK’s first 
certification standard for UK peatland 
projects wishing to market the climate 
benefits of peatland restoration. 
The idea behind the scheme is that 
businesses can reduce their carbon 
footprint, and benefit their brand’s 
green credentials, through investing 
in peatland restoration projects. 
However, to make this work, buyers 
need to be given assurance that 
the climate benefits being sold are 
real, quantifiable, additional and 
permanent. The Peatland Code allows 
this to happen, as farmers and land 
managers must follow a strict set of 
procedures for the carbon benefits of 

Supporting peatland restoration using carbon finance

the peatland project to be certified.
So far there are currently four 
validated projects under the scheme, 
with six under development and more 
in the pipeline. The four validated 
projects together cover 450 hectares 
of peatland, which equates to an 
estimated GHG emissions reduction 
of 101,944 tonnes of CO2.
“At a time when society is acutely 
aware of the climate and biodiversity 
crisis facing us all, protecting and 
restoring our peatlands is a vital 
action that benefits both,” says Clifton 
Bain, Director of the IUCN UK Peatland 
Programme.
“We urgently need to tackle the huge 
scale of peatland degradation, and 
for that we need business funding 
through the Peatland Code, supported 
by the best science to give assurance 
and credibility.” 



CAPTURING CARBON

Capturing carbon
Carbon Capture and Storage offers a way to take greenhouse gases from industrial plants or power 
stations at source and storing them to prevent release into the atmosphere.

Carbon dioxide is the most 
damaging of the greenhouse 
gases responsible for the 

current era of climate change. 
And it is emitted in bulk by power 
stations, chemical works and other 
industrial plants. As a result, the idea 
of capturing it at source and storing 
it underground in stable geological 
structures, for thousands if not 
millions of years, is an appealing one. 
Known as CCS for Carbon Capture 
and Storage, this technology is now 
being pursued by the European 
Carbon Dioxide Capture and Storage 
Laboratory Infrastructure (ECCSEL), 
established in June 2017 as a 
European Research Infrastructure 
Consortium. The British Geological 
Survey, part of UKRI NERC, is a 
principal UK participant. 
ECCSEL is led from Trondheim, 
Norway by Sverre Quale, an engineer 
with long experience of aviation and 
railways as well as the oil and gas 
industry. ECCSEL exists, he says, to 
make sure that the big facilities and 
equipment needed for CCS research 

and development are available to 
researchers across Europe. Most are 
in national research labs and major 
universities. As he says: “It is a waste 
of money for everyone to invest in 
their own and often overlapping 
facilities. Here and in other areas of 
research, it is better to work more 
collaboratively.”
Quale points out that there are four 
major elements of CCS – the capture, 
transport, storage and possible 
utilisation of carbon dioxide. There 
have been big pilot projects of all 
these phases. Commercial equipment 
is now available to allow new and 
existing plant to capture carbon 
dioxide, and can be added to existing 
installations in a few months. In 
addition, the technology for injecting 
carbon dioxide into geological 
structures has been demonstrated 
at the Sleipner and Snow White 
gas fields in Norwegian waters and 
elsewhere. “At its peak,” says Quale, 
“Sleipner was storing up to a million 
tonnes of carbon dioxide per year, and 
it is still running at about half that.” 

There is also geological modelling of 
underground reservoirs which shows 
that they will hold carbon dioxide 
stably for long periods of time.
Alongside these storage options, 
there is also the intriguing prospect 
that captured carbon dioxide might 
be put to use. Quale points out that 
it is already used as an additive to 
the air in greenhouses to encourage 
vegetable growth. It is also injected 
into oil wells to increase the pressure 
and so keep the oil flowing, a process 
called Enhanced Oil Recovery. 
This use, he says, has “driven the 
development (of CCS) in oil regions in 
Canada and the US.” 
But Quale agrees too that despite this 
potential, there is now a perception 
that CCS has stalled as a growth 
technology. “In the past two to 
five years, many countries have 
announced that they plan to stop 
using coal, as well as oil in the longer 
run, and especially in Europe. So it has 
not been easy to promote and fund 
CCS while the focus is on replacing 
fossil energy with renewables.”

Since 1996 the Sleipner field in the 
Norwegian sector of the North Sea has 
been capturing about one million tonnes 
of CO2 each year and storing it in a saline 
formation 1 km below the seabed. So far 
more than 20 million tonnes of CO2 has 
been captured, equivalent to the annual 
emissions from ten million cars. 
Øyvind Hagen/©Equinor
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However, Quale adds that this is only part of the story – 20-30% of 
carbon emissions come from steel and cement works and from 
other big industrial users. This is good for CCS. He says: “It is very 
hard for these plants to get to zero carbon without CCS. This is now 
the focus for collaborative industry projects in the UK, Norway and 
the Netherlands.” 
Part of the picture is Norway’s Northern Lights project, which 
involves Shell and Total. Here ships and pipelines will be used to 
transport carbon dioxide for offshore storage underground by energy 
group Equinor.
One key part of the picture, thinks Quale, is for fossil fuel users 
to start paying a realistic price for every ton of carbon they emit, 
perhaps two to three times the current level in the EU Emissions 
Trading System. Norway’s higher carbon price has been a key factor 
in its CCS story, for example making the Sleipner project viable.
But even in today’s policy setting of support from EU and National 
Governments, Quale expects to see more deployment of CCS in 
three to five years. The research and development now taking place 
will drive down costs, making far more CCS projects attractive. He 
expects too that Germany will soon get involved in CCS and ECCSEL, 
despite public objection to carbon storage below ground onshore in 
Germany. He adds that Greenpeace has opposed CCS as a Trojan 
Horse for fossil fuel use. He is convinced that these objectors are 
wrong. “It is impossible to get to 100% renewables,” he thinks. “The 
timescale is too tight without CCS.”

Jon Gibbins is professor of carbon capture and 
storage at the University of Sheffield, and director 
of the UK CCS Research Centre. He insists that 
Britain has a major role to play in the deployment 
of CCS in Europe, and says: “Carbon capture is 
essential if we are to get to zero emissions by 
2050. Other approaches will take you part of the 
way, but only carbon capture will get you to zero 
and let you carry on using fossil fuels.” 
He adds that geological good luck is part of the 
reason for the UK’s CCS leadership. “We have 
about half of Europe’s capacity for storing carbon 
dioxide (in deep strata).    Norway has most of   
the rest.” 
In addition, the UK has industry that can connect 
to a future carbon sequestration system. The 
UK government is now putting around £1bn 
of direct funding into the technology, plus 
planned additional support through clean energy 
incentives.
In Gibbins’s opinion as an engineer, the technical 

fundamentals of carbon capture  are mainly 
solved – it just needs development at scale. 
Instead, the problem is that governments have 
yet to face the reality of reaching net zero carbon 
emissions. Most current policy, he says, is based 
on reducing, but not totally cutting, fossil fuel use. 
This approach “only takes you so far.” 
Carbon capture, however, allows nations to go to 
zero emissions, and even beyond. Carbon can be 
captured from power generation, industry and 
other sources. But in addition, Gibbins points out, 
a plant is now being planned in the US to extract a 
million tonnes per year of carbon dioxide from the 
air. He says: “This is transformational. It allows 
you to go beyond net zero emissions and into 
negative ones.”
Like Quale, Gibbins is aware that this technology 
has its opponents, including some who object 
to it as a form of geoengineering. He says: “It 
is geoengineering to put (fossil) carbon dioxide 
into the atmosphere in the first place. But why do 
people object to taking it out again?” 

Lucky rocks
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The Northern Lights project is part of the 
Norwegian full-scale Carbon Capture and 

Storage (CCS) project. The full-scale project will 
include capture of CO2 from one or two industrial 

capture sources. The Northern Lights project comprises 
transportation, receipt and permanent storage of CO₂ in a 

reservoir in the northern North Sea. 

A
rt

bo
x/

Eq
ui

no
r



UK Research and Innovation
Polaris House
Swindon SN2 1FL

nerc.ukri.org
@ukri_news
@NERCscience

Editor: Nick Stevens
Contributors: Jasmin Fox-Skelly, Martin Ince, Lorna Jenkins, 
Mark Mallett, Nikki Owen , Rebecca Schlegel
Design and Print: UKRI Creative Services (JRS)


