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I

am delighted to introduce this
edition of the Sustainable Earth
Institute’s (SEI) Sphere. I am proud
that the University of Plymouth’s SEI
encapsulates and demonstrates
the four key and highly interrelated
‘ingredients’ that will help to promote
and build a sustainable future: (i)
world-leading science to ensure
understanding of fundamental earth
processes; (ii) interdisciplinary working
bringing natural, engineering, social,
economic and behavioural sciences
together to promote physical and
societal resilience; (iii) international
collaboration and funding to ensure
that not only the best scientists tackle
the research questions but that local
access and interpretation support
policy-making; and (iv) direct societal
engagement to build understanding of
the issues, and, importantly, to build
‘on-the-ground’ community resilience.

Professor Iain Stewart

“I am proud that the
University of Plymouth’s
SEI encapsulates and
demonstrates the four key
and highly interrelated
‘ingredients’ that will help
to promote and build a
sustainable future”

You will find examples of all four
ingredients in the following pages.
There is research to understand better
earthquake and landslide mechanisms
through collaboration with partners
in Australia, New Zealand, Chile, and
Morocco. A case-study of working with
local pastoral farming communities in
Tanzania to facilitate changes in land
management practices where soil
erosion has devastating consequences
for livelihoods. Our SEI team and
partners have been working with filmmakers in Lofoten (Norway) to bring
science in the field to the public. And
finally some sobering thoughts on the
how to use social media to effectively
communicate the devastation of
drought to those who experience
comfortable and safe lives.
These stories are just snapshots of
SEI’s work at Plymouth. But they
fully embrace the four ingredients.
Importantly they showcase a culture
of research working that is essential
if effective mitigation and response is
to be achieved to the environmental
challenges the world faces.

Professor Judith Petts, CBE,
Vice-Chancellor & Chief Executive
University of Plymouth
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The Science of Big Boulders
Words and image: Anne Mather

As outstanding features in the landscape, large boulders have
long captured the imagination of humans. But from a scientific
perspective they can also provide valuable information on
geohazards, such as tsunamis, floods and landslides.

R

esearchers in the School of Geography, Earth and Environmental Science,
in collaboration with other national and international research institutes,
have been at the forefront of understanding what big boulders can tell us
about related geohazards. The novel approaches to boulder studies that we are
currently pursuing include:

• automated exploration using space and aerial imagery (including drones) 		
to identify and map, via photogrammetry, spectral signature and shadow,
boulders over large, remote or difficult-to-access areas,
• innovations in surface exposure (cosmogenic) dating to constrain timing
of events
• new developments in using boulder composition to identify the origin and 		
routing of events
• utilising boulder shape and mass characteristics to determine the peak flow
volumes of past floods.
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Within the School of Geography, Earth
and Environmental Sciences at
the University of Plymouth, these
data are being used to improve our
understanding of flood- and landsliderelated geohazards in vulnerable
desert communities in the Western
Mediterranean, Saharan region and
the Peru-Chile Atacama. In these
dryland settings, occasional extreme
floods are often associated with large
landslides that amplify meteorological
flood size by creating temporary dams,
which subsequently breach and fail. In
the Peru-Chile Atacama Desert - the
oldest and driest desert on Earth recent (e.g. 2015) floods wreaked
havoc on local communities but these
events are small in comparison to
mega-floods recorded by boulders in
pre-historic sediments.

Preliminary research indicates that
these ancient flood-boulders
originated from > 1 million year old
giant-landslide dams, where the
landslides are earthquake triggered.
The resulting features may lie dormant
in the landscape for many years
until a meteorological flood event
occurs and is impeded by their
presence, a factor not accounted for
in current hazard assessments in this
environment. Unravelling the story
of these boulders is currently being
undertaken with funding from both
National Geographic (Chile) and the
Royal Geographical Society (Morocco).
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Healthy marine ecosystems
depend on science-policy
collaboration
Words: Abigail McQuatters-Gollop

Dr Abigail McQuatters-Gollop, lecturer in marine conservation,
led the first regional pelagic habitat biodiversity assessment
in the Northeast Atlantic Ocean, launched in June 2017.

T

he Intermediate Assessment 2017 (IA2017) was coordinated by OSPAR, the
Northeast Atlantic regional seas commission, and will help fulfil the UK’s
obligation to the EU for the Marine Strategy Framework Directive, a high
profile piece of marine policy.
IA2017 considers, for the first time, the biodiversity of marine ecosystems and
links changes to human pressures. This information is used to guide conservation
and policy decisions. Abigail chairs the Pelagic Habitats Expert Group, which
used dozens of plankton time-series to develop biodiversity indicators and
construct assessments. The Expert Group found that significant changes are
occurring in plankton communities throughout the Northeast Atlantic, causing
alterations in foodwebs that may impact fisheries.

The scale of IA2017 is impressive – policy makers and scientists from 15 different
countries and the EU worked together to assess the state of the Northeast
Atlantic. The results will be used to support marine policy and management
to ensure the achievement of good environmental status in European
marine waters.

“Collaboration between scientists and policy makers is
critical to ensure that scientific research supports binding
decisions about the marine environment”
Abigail McQuatters-Gollop

The pelagic zone is the ocean’s open water realm, making up
98% of the world ocean
The pelagic zone is inhabited by fish, mammals, and plankton
Plankton are microscopic algae and animals
Plankton produce 50% of the Earth’s oxygen and are the base of
marine foodwebs
Photo: Emiliania huxleyi
Credit: Mr Glenn M Harper, Plymouth Electron Microscopy Centre
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Policy makers need scientific evidence to inform decisions,
but are not scientists themselves so rely on researchers for
scientific expertise
MARINE ECOSYSTEMS 07

Reproducing Tsunamis
and Earthquakes
Words: Alison Raby

Why are tsunamis sometimes much bigger than predictions
based upon previous earthquakes, for a given location?

R

ecent research has shown that wave heights may be enhanced when an
earthquake triggers a subsea landslide, causing an extra release of energy
into the water column. The Japanese tsunami in 2011 is an example of such
an event, where the tsunami was originally thought to have been entirely caused
by an extremely large earthquake of magnitude 9. However, later investigations
found localised evidence for run-up heights up to 40 m in the Sanriku area; these
large waves were not predicted by the existing earthquake tsunami model. The
British Geological Survey subsequently carried out an extensive geological and
hydrodynamic investigation, concluding that the Sanriku waves were generated
by a submarine landslide, which was caused by the earthquake shaking.

To enhance our understanding of such events, experiments have been
undertaken in the University of Plymouth’s COAST Laboratory. A unique 2D
set-up has been developed to reproduce a dual-source tsunami generation
mechanism. This consists of an actuator triggering a vertical fault rupture uplift,
reaching accelerations of up to 4g, followed by the automatic release of the
landslide which slides down a slope. Working with Alison Raby of the COAST
Engineering research group are her PhD student Natalia Perez del Postigo Prieto,
also supervised by Sarah Boulton from Earth Sciences, and Colin Whittaker from
the University of Auckland. The team has been assisted by Professor James Goff
from the University of New South Wales, who recently spent a month with the
investigators, funded by the Royal Academy of Engineering Distinguished Visiting
Fellowship scheme. He has been giving an insight into what is understood about
the cause and effects of combined earthquake and landslide mechanisms,
particularly in the Pacific region.
Images courtesy of Stephen Vaughan, Senior Lecturer in Photography at Bath Spa University. Stephen is working with Professor
Iain Stewart from the University of Plymouth on ‘Seismic Sanctuaries’ - a collaborative project in Greece and Western Turkey
exploring the relationship between ancient temple sites and underlying earthquake faults.
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Jali Ardhi Care for the Land

“Soil erosion and associated downstream
siltation problems challenge water, food
and energy security.”

Words: Claire Kelly. Images: Carey Marks.

‘Jali ardhi’ means ‘care for
the land’ in Swahili. Claire
Kelly is a human geographer
working within the Jali Ardhi
project, led by Professors
Will Blake (University of
Plymouth, UK) and Patrick
Ndakidemi (Nelson Mandela
African Institution of Science
and Technology, Tanzania).
The research is funded by
the UK government Global
Challenges Research Fund to
explore the complex impacts
of soil erosion on pastoral
communities in Tanzania.
The project brings together
Tanzanian and UK scientists
and the Maasai people to find
ways to overcome the soil
erosion challenges that
they face.
10 SUSTAINABLE EARTH

Images courtesy of Carey Marks, a photojournalist and designer who works with the Jali Ardhi team to
reveal the complex interconnections between people and their environment, and help to understand
how complex challenges are forcing communities to adapt to events beyond their control.
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“The Jali Ardhi project brings together
natural and social scientists, behavioural
psychologists and ecological designers to
work with affected communities to develop
sustainable land management practices.”

I

n Tanzania, Maasai communities are in a fragile
state of transition from pastoralism to more
settled agriculture-based livelihoods. These
communities sit within a landscape that has
been undergoing change for decades, from a
variety of different drivers. Challenges to their
pastoralist traditions, such as urban expansion
and shifts in land ownership patterns, are
amplified by changing climate conditions that
cause unpredictable rains and longer, more
severe droughts. Together, these cause soil
erosion problems that can have deep social
and economic impacts on communities by
undermining food and water security and
curtailing mobility between grazing lands,
community resources and markets.

Soil erosion and associated downstream siltation
problems challenge water, food and energy
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security. Even under ‘normal’ climatic conditions,
soil erosion reduces water and nutrient retention,
biodiversity and plant primary productivity
on agricultural land putting stress on food
production, notwithstanding ecosystem and
water resource damage downstream. This
undermines the resilience of communities that
depend on soil and water resources, and who
have little alternative livelihood choices.

Recognising that soil erosion and land
degradation experts are not necessarily experts
in socio-economic solutions, the Jali Ardhi project
brings together natural and social scientists,
behavioural psychologists and ecological
designers to work with affected communities
to develop sustainable land management
practices. Claire Kelly’s ‘resilience’ research fits
at the centre of this approach by understanding

how communities can draw on their existing
resources, adapt to the challenges and begin
to thrive. The project aims to identify not just
evidence of the erosion problem and its impact
on the community but also realistic opportunities
for change. Work was undertaken in several
communities in the Makayuni catchment system
in northern Tanzania, which flows into Lake
Manyara. The area has extensive seasonal
grazing lands and represents a typical catchment
supporting vulnerable pastoral and agricultural
communities.

Facilitating change in land management practices
to reduce soil erosion impacts is a fundamental
target within the UN Sustainable Development
Goals (SDGs), a challenge that requires
approaches like the interdisciplinary methods
developed and proven by the Jali Ardhi team.
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Understanding
Devastating Earthquakes
Words: Luca Menegon and Lucy Campbell. Images: Heidi Morstang

Most earthquakes occur in the upper 20 km of the earth’s crust,
where the rocks are cold, brittle, and elastic, able to build up the
tectonic stresses released in sudden earthquake events. Below
this depth, the lower crust is hotter and rocks there typically
deform plastically and steadily, rarely accumulating enough
stress for large earthquakes.

D

espite this, some of the largest
earthquakes can initiate in the lower crust,
and improving our understanding of these
deeper and potentially devastating earthquakes
is the aim of a NERC-funded Plymouth Universitybased project involving Luca Menegon, Lucy
Campbell and Iain Stewart.

In July 2017 the project research team visited the
Lofoten Islands in Norway, where an
exceptionally well-preserved field site provides
a rare ’window’ into these once-deep rocks, now
exposed at the earth’s surface after millions of
years of erosion. We were joined by filmmakers
Heidi Morstang and Patrik Säfström, who wanted
to capture a visual record of our ancient seismic
investigations. Although this interdisciplinary
coupling was a rarity for the geology team, it was
great fun to be part of the filming process – we
simply continued working as usual, and it soon
felt very normal to have a camera in amongst the
field measurements and discussions.
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As for the geology, we were able to map out the
fault zone network, assessing where and
when geologically ancient earthquakes had
occurred, how powerful they were, and how they
themselves may have modified the behaviour
of the fault zone. Samples were taken to cut up
for detailed analysis back in the lab; using high
magnification electron microscopes allows us to
investigate the microscopic rock structure and to
calculate the stresses and slip rates experienced
by the faults. Gathering information at different
scales allows us to gain insights into what factors
control lower crustal earthquake formation, and
how the presence of earthquakes can in turn
change the strength and behaviour of deep
crustal rocks. Ultimately, information derived
from these ancient fault roots will be used to infer
processes occurring at depth along faults that
are currently active in modern earthquake zones.
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Looking for Scars
of Earthquakes
Words and images: Heidi Morstang

In July 2017 I travelled to the Lofoten Islands in northern Norway
to a make a film about a team of international field geologists
looking for ‘scars of earthquakes’ in an exposed mountain
plateau. They were looking for traces of earthquakes that
happened 40 km below the surface of the Earth millions of years
ago – and that now are visible.

I

n this research project, filmmaking is used as
a research instrument to create a portrayal
of a quest for understanding. Working with
this film, I am interested discovering how we
understand connections between distant history
and future of earthquakes through landscape
by exploring the medium of documentary film.
Filmmaking provides a focus of observing and
listening in order to understand what is taking
place in the field – the natural laboratory itself.
As a filmmaker primarily working with scientists
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in order to seek an understanding of how they
think and work, the focus in this project was to
portray the inquisitive minds of geologists.
The most striking aspect of working with the field
geologists was how they saw and explored the
landscape. Not only the relatively vast area of
the plateau itself, but the real focus on minutiae
details: the grains of the rocks, the geometry
of patterns at the plateau, seeing lines and
making connections between those – and then
discussing potential conclusions.

“The search for scars of earthquakes in these mountains unfolded
almost like a narrative through their forensic and tactile approach.”
The search for pseudotachylytes (‘scars of
earthquakes’) in these mountains unfolded
almost like a narrative through their forensic and
tactile approach to seeing and understanding the
landscape – all through their understanding of
the immense timescales of Earth itself.
The film is currently in production, and will be
completed in Spring 2018. It is aimed towards
academic and general international audiences.

The film features Dr. Lucy Campbell (University
of Plymouth), Dr. Luca Menegon (University of
Plymouth), Dr. Ake Fagereng (Cardiff University),
Dr. Elisabetta Mariani (University of Liverpool) and
Dr. Giorgio Pennacchioni (Padua University)
The film is directed and produced by
Heidi Morstang (University of Plymouth),
Cinematography by Patrik Säfström and sound
design by Paul Donovan
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…“There is a drought?”
How do we effectively communicate the
current devastating spiral of the drought
and famine in The Horn of Africa?
Words and images: Lucy Obolensky

The Horn of Africa is experiencing the worst drought it has seen
since 1945. With drought comes famine and a downward spiral
of escalating health issues. Those worst affected communities
often live miles from any health facilities.

I

n April and May 2017 I was asked to be the medical co-ordinator for the
Doctors of the World relief programme to Northern Kenya, working in
conjunction with Unicef. Although I knew it would be challenging, particularly
as I would be taking my two young children in tow, it was an offer I couldn’t
refuse. The prospect of making a difference - even a drop in the ocean to the
plight of these communities - and gaining experience working at a strategic level
for a large NGO made it a fantastic opportunity.

I was asked to write a blog for the charity website whilst I was away, but having
no ‘blogging’ experience and the daunting challenge of a busy job combined
with a 2 and 4-year-old with me, I politely declined. Instead, I offered to write
some public Facebook posts, as I was a little more familiar with this social media.

Initially I posted photos and stories of the positive impact we were making:
delivering Plumpynut to those with malnutrition; enabling a community nurse
join us on outreach clinics to deliver vaccinations and diagnose and treat
medical conditions.

“My posts were all ‘liked’, commented on, and shared
far more than I had expected and I gained an
escalating following.”
18 SUSTAINABLE EARTH

“Getting out to Gotu might have been quicker
by camel!
Incredibly resilient people living in Nakuprat-Gotu. We
did an integrated outreach here, so we took medicines,
vaccines, ultrasound (for antenatal care) as well as the
nutritional support. The community here live 60km from
the nearest health service and even when they get
there cannot be sure it will be either staffed or stocked
with meds.
The need for basic primary and public health services in
communities like this is enormous. We had many
people still queuing when we had to leave- but thanks
to Doctors of the World and Northern Rangelands Trust
we will be back to this community every two weeks for
the next six months. I might find a camel to ride on for
next week!”
However, as the raw inequalities began to wear me
down I found myself writing more provocative posts:
Out of the office and into the bush for a fantastic
mobile outreach service. We met truly inspirational
people and were accompanied by wonderful
volunteers.
There were some tough moments though: The MoH /
UNICEF mandate states that only those with ‘clinical
malnutrition’ can receive food supplements.
We saw one mother of twins who had walked over
5 hours to the outreach clinic with her four young
children. She looked gaunt and all the children were
thin and clearly hungry. The mother and the twins were
just outside the ‘criteria markers’ for malnutrition so
they leave with nothing.
The deep accusatory look she gave haunted me
all night.
How would I feel if faced with the desperate guilt of
a hungry crying child but had nothing to provided?
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I received zero comments, zero shares and zero ‘likes’.
The following day we went even further North where I met children with terrible
diarrhoea and gastrointestinal diseases. The small amount of water they had
been able to collect looked like green sludge. I was so frustrated, bewildered
and angry that I posted this:
182 UN member states joined the Millennium Development Goals that finished in
2015, we are two years into the Sustainable Development goals (of which Goal
6 is ‘Clean Water and Sanitation’) and yet thousands of children still have no
access to clean water. Why? How? What can be done?

“That evening I posted a few photos
and a video of my 2-year-old daughter
entertaining a class of Kenyan children. ”
I received a smattering of comments and a few shares. I decided to change my
approach and the following day edited my post to a more light-hearted version:
There are some things in the world I find quite astounding given we are in the
21st century:
for example, Waitrose does not deliver in Cornwall; I can’t get phone signal
when lying in bed with a cup of tea; and some children in the world do not have
access to clean drinking water. Society - what’s going on????
The following week we went to another rural village. There was a similar story to
be told here, however I took a different slant: That day I had no child care so I took
my kids along to the local school where they spent the day whilst I was in the
clinic next door. They had a whale of a time. That evening I posted a few photos
and a video of my 2-year-old daughter entertaining a class of Kenyan children.

Within 24 hours I had 536 likes and 147 shares!
20 SUSTAINABLE EARTH

What does this tell us about how to
communicate health and social inequalities?
What does this tell us about how to communicate health and social inequalities?
For a start Facebook may be entirely the wrong medium, but what is does show is
that people do not like to be challenged whilst sitting on their sofa, in the comfort
of their own home, eating food flown in from all over the world and home
delivered to their doorstep.
We do not want to be made to feel guilty about our lives and have the stark reality
of such brutal inequity forced upon us. If this can be communicated in a positive,
relaxed manner with perhaps a simple question raised, then maybe, just maybe
every person reading those type of posts may make one small change in their
own lives to the benefit of another.
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Big Data and Social Media
Sentiment Analysis
Words: Luciana Dalla Valle

We live in an age of unprecedented amounts of
information, generated in every sector, including
business, government and health care, delivered at
high speed and available in a wide variety of forms
and formats. This data may come from many different
sources, such as social media posts, digital pictures
and videos, cell phone GPS, purchase transaction
records and signals sensors used to gather climate
information. This information - high volume, diverse
and fast - is what is called Big Data.

“As opposed to traditional
media such as newspapers,
books and television, social
media is freely accessible.”

S

ocial media are amongst the most prolific generators
of big data and allow billions of people all around
the world to daily interact, post and share contents
and give spontaneous feedback on specific topics. As
opposed to traditional media such as newspapers, books
and television, social media is freely accessible, which
means everyone can publish content and control how the
information is generated and shared. Through social media,
people express their opinions and sentiments towards
specific topics, products and services. The emergent
research field of sentiment analysis allows us to detect,
extract, analyse and classify the opinions and sentiments
of people, expressed as textual input.

At the University of Plymouth, data scientists are working
to develop innovative sentiment analysis techniques to
understand complex social phenomena and perform
predictions based on sentiments extracted from social
media. From Facebook, for example, a range of information
is available for each post to public pages, including its
message, when it was created, and the number of likes,
comments and shares it has received. Dr Julian Stander
and Dr Luciana Dalla Valle extracted Facebook data to
analyse sentiment scores and voting patterns for the
June 2016 EU referendum in the UK. Results shown that
there was increasing online activity as the referendum
date approached and that the average number of likes
and shares of “leavers” was considerably higher than
“remainers”.

Future research will aim at overcoming one of the main
challenges related to sentiment analysis: the quality of
information extracted from social media. In particular, new
methodologies, able to identify and deal with fake news,
will be developed.
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From butterflies to biomes

C

amille’s research focuses on the current impacts of climate change on

wildlife, from field-based work on butterflies to synthetic analyses of global
impacts on a broad range of species across terrestrial and marine biomes.
She works actively with governmental agencies and NGOs to help develop
conservation assessment and planning tools aimed at preserving biodiversity in
the face of climate change.
Camille has been involved at national and international levels in several reports,
panels and workshops operating at the interface of science, policy and
conservation. Most recently, Camille was a plenary speaker at Our Common
Future Under Climate Change, a pre-COP21 scientific conference sponsored by
the French government and UNESCO (Paris, July 2015).

Outreach

C

amille is also consulted regularly by scientists and journalists during the
preparation of films, books and articles. Some of these include: the BBC
documentary by David Attenborough “State of the Planet” (1998), a film
documentary on natural history of butterflies (Kevin McCarey, 2002) and a TV
documentary on human viruses (Tokyo Television, 2003).

Camille is also an advisor for NGOs devoted to communicating the science of
climate change and its impacts to the public and policy makers. Some of these
roles include; Contributing Editor for Carbon Brief and a Science Advisor for
Climate Communication.

Camille Parmesan
Words: Camille Parmesan

Professor Camille Parmesan is the National Aquarium Chair
in the Public Understanding of Oceans and Human Health
at Plymouth University. As well as this role, Camille is also an
Adjunct Professor in the Department of Geology and a Senior
Research Fellow in the Environmental Science Institute at the
University of Texas at Austin.
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SELECTED AWARDS

Featured Researcher:

• Fellow of the Ecological Society of America
• Named by Thomson Reuters (ISI) five times for being exceptionally highly cited
• Official Contributor to Intergovernmental Panel on Climate Change (IPCC)
receiving the Nobel Peace Prize in 2007 as Lead Author
• Named as “Outstanding Woman Working on Climate Change,” by IUCN (2007)
• Named as “Who’s Who of Women and the Environment” by the United Nations
Environment Program (UNEP) (2007)
• National Conservation Science Award from the National Wildlife
Federation (2007)
• 2013 Distinguished Scientist, Texas Academy of Sciences
• Author of the most highly cited paper for climate change by Carbon Brief (2015)
• Marsh Award for Climate Change Research, British Ecological Society (2015)
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School of Computing, Electronics and
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Professor Anne Mather, Professor
in Geomorphology
School of Geography, Earth and
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of Science & Engineering)

Dr Lucy Campbell, Post-Doctoral Research
Fellow in Structural Geology and Rock
Deformation
School of Geography, Earth and
Environmental Sciences (Faculty
of Science & Engineering)

Professor Camille Parmesan, NMA Chair in
Public Understanding of Marine Science &
Human Health
School of Biological & Marine Sciences
(Faculty of Science & Engineering)

Dr Luca Menegon, Associate Professor
of Structural Geology and Tectonics
School of Geography, Earth and
Environmental Sciences (Faculty
of Science & Engineering)

Dr Claire Kelly, Post-Doctoral
Research Fellow
School of Geography, Earth and
Environmental Sciences (Faculty
of Science and Engineering)

Dr Lucy Obolensky, Associate Lecturer
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If you have an article that you would like to
contribute to a future edition of Sphere,
please contact sei@plymouth.ac.uk
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