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FOREWORD

Image credit: Alex Tattersall

We are at a pivotal point in human history, where
immediate action is required to combat the human-
made climate crisis. Atmospheric carbon dioxide (CO,)
levels today are higher than at any point in the past
800,000 years 231 As a result of global warming caused
by greenhouse gas emissions, many countries have
seen record extreme temperatures, more frequent
wildfires, and destructive floods. This has resulted

in devastating impacts upon people and nature.

The ocean is experiencing increased temperatures,
acidification, and oxygen depletion. Marine ecosystems
have experienced significant, and increasing, disruption
as the impacts of climate change, multiplied by other
human impacts — notably industrial fishing — have
applied huge pressure on life below water.

Increasingly, there is the recognition that the ocean
plays a key role in maintaining a stable climate. A
global movement to protect at least 30 per cent of
the ocean by 2030 is gaining momentum. However, it
has also become clear that the role of the ocean as
a climate change solution has been overlooked, with
a huge amount of evidence and policy development
required to protect blue carbon habitats, most of
which are in catastrophic decline. This must happen
quickly and one route to rapidly and properly valuing
these habitats and the climate services that they
provide may be the evolution of a voluntary market.
There are many ways that this could develop, BLUE
is concerned that it develops in a way that benefits
marine life.

According to the latest assessment by the International
Panel on Climate Change (IPCC) ¥, climate change is now
unavoidable and some of its effects are irreversible on
meaningful human timescales. The IPCC, however, states
that if the urgently needed actions are taken then we
will be spared some of the worse impacts to come. Two
fundamental solutions to this emergency are dramatic
reduction of greenhouse gas emissions and the removal
of emitted carbon dioxide from the atmosphere ¥,
preferably through nature-based solutions.

Scientific evidence is clear that governments and
companies must act immediately if we are to achieve
commitments of net-zero greenhouse gas emissions in
the next few decades . Emissions that governments
and companies cannot prevent can be offset by natural

and technological systems that absorb carbon from the
atmosphere. It is here that nature-based solutions can
play an important role in carbon sequestration. Most of
the attention to date has been on the role land-based
ecosystems, such as forests, peat bogs, and tundra, can
play as carbon stores and in carbon removal. The ocean
has been neglected, but that is changing and marine
habitats could play a key part in closing the $700bn
nature based solutions funding gap identified by Sir
Partha Dasgupta.

In the last year, BLUE has conducted extensive

due diligence to develop a portfolio of blue carbon
conservation and restoration projects. In this process we
have learned what constitutes a good project, one that
also leads to the recovery of biodiversity and the just
and socially equitable involvement of local communities
(many of whom are on the front lines of climate change).
We see substantial demand that currently exceeds
supply and have identified barriers that are preventing
blue carbon projects from developing. What constitutes
rights and wrongs when it comes to carbon finance is

of paramount importance, but it can only be properly
discussed once the opportunity is understood.

This report authored by Blue Marine Foundation

and the University of Exeter therefore provides a

clear introduction to blue carbon, a marine nature-
based solution with multiple benefits for our climate,
biodiversity and coastal communities. It explores blue
carbon habitats, their associated carbon capture rates
and carbon stocks and the threats they face. It has been
written to build the case that blue carbon is an important
component of climate change mitigation and needs to
urgently be included in climate policy and in an emerging
global voluntary blue carbon market.

Dan Crockett
Blue Marine Foundation



“The work Blue Marine Foundation does to protect
our oceans is important for our future and we are
proud DP World is part of it. Healthy oceans and
new ways to reduce carbon in our atmosphere are
integral to everyone on this planet and blue carbon
markets offer an exciting opportunity to work
toward both.

Our sustainability strategy ‘Our World, Our Future’

is ingrained in everything we do and is in support

of the UN'’s Sustainable Development Goals. Our
business depends on the ocean, and as part of our
strategy, we have put a core focus on doing our part
to safeguard it. This report is an important step in
developing a blue carbon market in the UK, and we
look forward to seeing its impact.”

DP World
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Blue carbon, the term given to marine habitats that sequester
and store carbon dioxide, represents an incredibly exciting
opportunity for marine conservation and restoration.

Each of the major blue carbon habitats (the definition

is currently limited by the United Nations Framework
Committee on Climate Change to mangroves, seagrass,
saltmarsh) provide nurseries for marine life and
extraordinary benefits to the communities that live
alongside them. Each habitat is also, sadly, in severe
decline. Meanwhile, global carbon dioxide emissions
continue to rise and nature-based solutions for
sequestering carbon are in short supply. Blue carbon is a
concept that governments can include in their national
greenhouse gas inventories, and that companies may
be able to invest in at a scale that dwarfs philanthropic
donations to marine conservation. However, the science
of blue carbon is in its infancy, with gaps in evidence
and quantification. The techniques to develop, verify
and monitor blue carbon projects and their impact on
biodiversity globally are still emerging.

This report aims to explore the global scale and
opportunity for blue carbon habitats to act as a
climate change solution, the benefits that this will
provide and the consequences of degradation.

It points out the fact that often blue carbon habitats
sequester carbon very rapidly, as compared with
terrestrial forests, and store it for long timeframes.

It considers the opportunities represented by the
better acknowledged and understood blue carbon
habitats in the United Kingdom (mangroves are
present in the United Kingdom Overseas Territories).
It also looks at more innovative forms of blue carbon
such as macroalgae and sediment, both of which
are research priorities that have been overlooked
by science until recently. The report examines the
potential for blue carbon projects within UK waters.
Finally, the authors explore the emerging blue carbon
market and the potential for this to develop in the
United Kingdom, before highlighting some potential
projects.

Saltmarsh, of which the United Kingdom has some
44,000 hectares and could have much more with
successful management realignment, represents a
huge opportunity that a coalition of scientists are
currently researching. Verification by a saltmarsh
carbon code could unlock billions in future investments.
Saltmarshes provide nursery habitat for juvenile fish
among numerous other co-benefits. UK seagrass,
between 7,000 and 9,000 hectares of it, may be one of
the largest seagrass carbon stocks in Europe outside
the Mediterranean with its extraordinary Posidonia
species. The quantity and restoration potential of kelp
(between 400 and 800,000 ha) is far greater than
either of these, although complexity in the way kelp
stores carbon makes verification complicated. See the
later section on blue carbon in the United Kingdom

for more detail on these figures.

At an even greater level still, UK sea shelf sediment
protects a store of 205 million tonnes of carbon and
could sequester hundreds of thousands of tonnes each
year. In fact, an Office for National Statistics report
this year concluded that using conservative estimates
seagrass, muds, sands and saltmarsh could capture
10.5 million tonnes of carbon dioxide equivalent each
year, with a value of £57.5 billion. The authors admitted
that this could be six times less than the real figure
due to a lack of available data . The awareness of
this value is growing. BLUE has been approached by
businesses across numerous sectors in the last year
seeking offsets, as have other NGOs. BLUE holds the
view that any progress towards developing a market
that services this demand (for blue carbon offsets)
must be based on evidence, trust, and transparency.

It also must reflect and value the fact that blue carbon
habitats boast extraordinary co-benefits.

The report authors conclude that the United Kingdom
has a powerful opportunity to show leadership in
creating a scalable voluntary carbon market that
actively incorporates blue carbon. As voluntary carbon
markets become regulated and the ambition for net
zero commitments accelerates, it is imperative that

the market develops in an equitable and transparent
way. BLUE also recognises the opportunity for a form of
credit that may not provide an offset in a conventional
sense but builds in the incredible biodiversity benefits
of conserving and restoring blue carbon habitats.
When and if this could develop to include the additional
carbon sequestered and stored by protecting whole
seascapes remains an important question and

a research priority. The report recommends that
research institutions, the corporate sector, government,
and NGOs collaborate to:

1. Develop evidence on the role of coastal and
marine habitats in the UK to mitigate and adapt
to climate change.

2. Move swiftly to protect UK blue carbon habitats.

3. Create an enabling environment to allow
investment in the conservation and restoration
of blue carbon habitats.

4. Build the necessary framework to include habitats
within the UK Greenhouse Gas (GHG) Inventory.

i /
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5. Work together to build a transparent blue
carbon market that creates high quality, high
integrity credits verified by trusted, independent
methodologies.

6. Ensure that the value of co-benefits provided by
blue carbon habitats are properly recognised,
quantified, and valued by an emerging voluntary
market.

7. Stimulate greater investment from the corporate
sector by ensuring that risk is properly understood
and presented transparently.

8. Ensure that local communities involved in the
management and protection of the habitat are
valued and involved stakeholders.

There is an opportunity for nature-based solutions in
the sea to be permanently associated with genuinely
additional carbon sequestration, the recovery of
biodiversity and a range of other valuable co-benefits.
However, both the incorporation of the ocean in UK
climate change policy (and representation of climate
change mitigation and adaptation in existing policy
mechanisms) and the establishment of a voluntary
market will require multiple stakeholders to collaborate
in a transparent way.
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Definitions

Carbon sequestration

Carbon sequestration is the removal of carbon
dioxide (CO,) from the atmosphere by natural
or artificial processes and its long-term storage
in the form of carbon. This process occurs
naturally when atmospheric CO, is taken up by
terrestrial and marine trees, grasses, plants and
algae through photosynthesis and is stored as
carbon in biomass (trunks, branches, foliage,
and roots) and soils.

Blue carbon

Blue carbon ecosystems are some of the world’s most
efficient absorbers of CO, and long-term carbon
sinks. The carbon sequestered by the world’s oceans
and coastal wetlands is termed ‘blue carbon’. These
ecosystems are some of the world’s most efficient
absorbers of CO, and largest long-term carbon
sinks . To date, research has focused on the blue
carbon capacity of three coastal wetland habitats:
mangroves, seagrasses and tidal marshes. These
habitats are currently the only marine habitats that
the Intergovernmental Panel on Climate Change
(IPCC) provides guidance to countries for inclusion
in their national greenhouse gas inventories .

Other emerging blue carbon components of interest
include seaweed, especially kelp and Sargassum,
phytoplankton, shellfish beds, seabed sediments and
marine vertebrates, like sharks, whales and deepwater
‘mesopelagic’ fish. For want of detailed research, these
are yet to be included in international climate policies
or carbon financing mechanisms®, but are known to
be important components of carbon sequestration to
seabed sediments and the deep ocean.
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Why is blue carbon important?

Rapid CO, capture

Blue carbon ecosystems have such high carbon
sequestration rates that they capture more carbon
per unit area per year than most terrestrial forests ©
(Figure 1). In fact, they are such hotspots for carbon
uptake that they bury a comparable amount of
carbon as terrestrial forests annually, despite
occupying less than 3 per cent of global forest area .
This is due in part to their high primary productivity
(the speed at which a plant turns solar energy into
organic substance), but mainly because the roots

100
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Carbon burial rate (tonnes of carbon p/hectare p/year)

Temperate Tropical Boreal
forests forests forests

of blue carbon habitats efficiently trap sediments
and organic matter from both within and outside the
ecosystem boundaries, thereby increasing sediment
accretion while raising the seafloor™. Coastal
wetlands occupy less than 0.2 per cent of ocean area
(~ 58 million hectares' ©'°-®1: Table 2) but account

for nearly 50 per cent of carbon buried annually in
marine sediments . This means that protection of a
small amount of coastal area returns very impressive
natural carbon sinks and leads to climate adaptation
benefits, such as resilience to extreme weather events.

0.1 | i ' ' I

Salt

Mangroves
marshes

Seagrasses

Figure 1. Carbon burial rate and storage potential of Blue Carbon Ecosystems. Comparison of mean long-term

rates of carbon sequestration (tonnes of carbon per hectare per year) in soils of terrestrial forests and sediments

of blue carbon vegetated coastal ecosystems. Error bars indicate maximum rates of accumulation. Note the wide

range of values (logarithmic scale) of the y axis. Sources: Mcleod et al,, 2011 61,

' For each coastal wetland habitat we have used the following central estimates: mangroves 14.5 million hectares,

12 tidal marshes 5.5 million hectares and seagrasses 38 million hectares.

Long-term storage

About 50 to 90 per cent of coastal wetland carbon

is stored in below ground soils and sediment

where saltwater and oxygen deprived conditions

slow decomposition of organic matter, leading to
accumulation of extensive soil carbon stocks [,
Carbon incorporated into plant biomass, such as
branches and tree trunks, is stored for decades or
centuries at most %8, whereas carbon in the soil can
accumulate over hundreds or thousands of years

and be locked away for millennia 1819291 For example,

a seagrass (Posidonia oceanica) meadow in Spain is
over 6000 years old with accumulated carbon deposits
over 11 m thick ™. Furthermore, ‘green’ terrestrial forests
store most of their carbon above ground and are more
vulnerable to fire, whereas blue carbon habitats are
secure carbon stocks if protected from degradation.

Additional benefits of blue carbon

One of the most valuable aspects of blue carbon
habitats are the extensive ‘co-benefits’ they

provide. As well as climate regulation, the protection
and restoration of coastal wetlands provide
exceptional benefits for biodiversity, fisheries and
local communities. Blue carbon projects have the
capacity to fulfil ambitions of multiple United Nations
Sustainable Development Goals simultaneously. They
enhance biodiversity, fisheries, food security and
eco-tourism revenues. For example, despite covering
less than two per cent of the Mediterranean Seaq,
seagrass supports at least a third of the total value of
commercial species landed within the region®l. They
also offer coastline protection from natural disasters,

extreme weather events and erosion, provide raw
materials, and enhance pollution mitigation and water
purification 2. These ecosystem services are being
severely impacted by human activities. Supporting
blue carbon projects and including them within
appropriate policy frameworks can ensure they are
effectively managed 231,

Nature-based solutions to the
climate crisis

The importance and contribution of the ocean to

the planetary carbon cycle and climate change
mitigation is immense but currently undervalued.
The ocean has absorbed one-third of human-related
CO, emissions 9% and while the sea is threatened

by climate change, it also provides many solutions

to the climate crisis [\, Blue carbon is one of these
solutions. The protection and restoration of blue
carbon ecosystems, including seaweed farming,
could offset about 0.6 billion tonnes of carbon dioxide
equivalent (CO,e) a year by 2030 and about 1 billion
tonnes of CO_e annually by 2050 . To put that into
context, annual global emissions reached a record
high of about 5911 billion tonnes of CO,e in 2019 "

and we need to halve worldwide emissions by 2030
and reach net zero CO, emissions by 2050 in order to
hold temperature rise close to 1.5 degrees 1. In 2019,
emissions in the UK reached over 550 MtCO,e. It is
estimated that terrestrial and marine ecosystems in
the UK sequester 39 MtCO,e annually, which is about
7 per cent of national annual emissions 1. Thus,
conservation and restoration play a fundamental role
in maintaining and increasing the potential of nature-
based solutions in the UK.

Blue carbon ecosystems have such high carbon
sequestration rates that they may capture ten
to fifty times more carbon per unit area per year

than terrestrial forests €.

13
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Blue carbon habitats need immediate protection

Degradation

Ecosystems that were once net sinks of carbon can
become significant sources of CO,. Destruction of

blue carbon ecosystems results in a huge release of
CO, back to the atmosphere from the disturbance of
historical carbon deposits. Furthermore, the destruction
of these habitats can result in the production of other
potent greenhouse gases, namely methane and nitrous
oxide, which have 25 times and 298 times, respectively,
more global warming potential than CO, over 100

years 32341 Over the last 50 to 100 years over a third

of global blue carbon ecosystems have been degraded
or destroyed ®*%, with estimated on-going losses of 0.1
to 3 per cent annually, depending on the ecosystem 57
(Table 1). It is estimated that more than 500 million
tonnes of CO, emissions could be released annually
from the destruction of coastal wetlands 3¢, more than
the United Kingdom's total CO, emissions in 2018 7.
The prevention of future coastal wetland loss is a clear
priority. Protection and restoration of these ecosystems
is a very effective climate mitigation strategy.

Table 1. Global rates of loss of blue carbon ecosystems and average emission rates from deforestation per year.

Estimated total losses
to date (per cent)

Ecosystem

Average emission rates from
deforestation (million tonnes
of CO, emissions per year)

Recent rates of loss
(per cent/year)

Mangroves 20 - 35 (Since 1960s) ok 7
Tidal marshes 25 — 50 (Since 1800s) 1-2 60
Seagrasses 29 (Since 1879 — 2009) 2-7 150
Sources: [5%-4° (mangrove loss); “! (mangrove emissions); 244 (salt marsh loss); ™ (salt marsh and seagrass emissions); ¥ (seagrass loss).

When coastal wetlands are damaged or degraded
they capture less carbon and release significant
amounts of greenhouse gases — carbon dioxide,
methane and nitrous oxide that might have been
stored for thousands of years.

14
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Table 2. Global areq, range and mean values of carbon storage potential for coastal and marine ecosystems.
Examples of how carbon is distributed amongst different ecosystems and the variation within each ecosystem.

Global area
(million hectares)

Global carbon

Ecosystem stock (billion

Range and central
estimate

13.8 -15.2

M 26-10.4 311-344
angroves A
Tidal 22-40
0.57-10.36 48 -872
marshes (5.5)
16 - 60
S 42-84 48 - 12
eagrasses (38)
Macroalgae 354 NA 173
Seabed
eabe 35,000 2322 156
sediment

Global carbon burial Average carbon burial
rate (million tonnes
tonnes of carbon) of carbon per year)

Average carbon stock
to 1m depth (tonnes of
carbon p/hectare)

rate (tonnes of carbon
p/hectare p/year)

1.65 386
0.9 255
0.45 108
NA NA
0.004 66.34

Sources: Mangroves: Atwood et al., 20175, Duarte et al., 2013™; Jardine and Siikamdki, 2014“; Tidal Marshes: Macreadie et al., 2013%}; Mcowen et al.,
2017"%; Seagrasses: Fourgurean et al., 20128); Kennedy et al,, 2010“%; McKenzie et al., 20201"); Macroalgae: Krause-Jensen and Duarte, 2016%); Seabed
sediment: Atwood et al,, 2020%%; Berner et al,, 1982%%; Hedges and Keil, 1995%%; Smith et al., 2015, Mangroves, tidal marshes, seagrasses: Howard et al,,
201454, Howard et al., 20171%¢; IPCC, 2014"; Mcleod et al,, 2011%); Pendleton et al,, 2012". NA = not applicable.

MANGROVES

Quick key facts:

- Mangrove forests are highly productive and
sequester more carbon per unit area than any
other tropical ecosystem, land or sea .

- Mangroves protect a global carbon stock of
2.6 —10.4 billion tonnes 49, of which 80per cent
is stored in the soil 5.

- Globally, mangroves sequester up to 34 million
tonnes of carbon per annum B¢, equivalent
to one year's CO, emissions from 31 coal fired
power plants ¢,

- More than 30 per cent of the world’s mangroves
have been destroyed since 1960 and losses

18

continue at a rate of 011 per cent per year 1153857
releasing greenhouse gases that account for

up to 10 per cent of deforestation emissions
globally.

- Healthy mangroves are important defences
against storms and sea level rise and sustain
coastal fisheries through their nursery function
to fish and shellfish.

Mangroves are salt-tolerant forests that grow at the
interface between land and sea in tropical and sub-
tropical latitudes across over 118 countries 8. In 2012,
global mangrove cover was estimated at 14.5 million
hectares ™, nearly the same size as Bangladesh,
most of which was in Asia (42 per cent) 18!,

Carbon value

Mangroves have the highest total global carbon
standing stock of all coastal vegetated ecosystems 94!,
The rate of carbon capture per unit area is about four
times higher than tropical forests and rainforests on
land %1, On average, mangrove soils store 386 tonnes of
carbon per hectare, but this can reach 1023 tonnes of
carbon per hectare in organic-rich mangroves 5,

Habitat loss

Mangrove deforestation and disturbance of organic-
rich soils can release more CO, per hectare than
deforestation of any other forest type 9. Due to a
multitude of human threats more than one-third of
the world’s mangroves have been lost over the last

60 years P9 In recent decades 80 per cent of human-
driven mangrove loss occurred within six Southeast
Asian nations, mainly from conversion to aquaculture
ponds for export to support economic development 572,

Restoration

Over the last two decades, human-driven mangrove
loss has decreased 7). Recent global initiatives such as
the United Nations programme on Reducing Emissions
from Deforestation and Degradation (REDD+), Payment
for Ecosystem Services (PES), carbon offset schemes
and the Global Mangrove Alliance target to increase
mangrove area by 20 per cent by 2030, has inspired
and funded restoration and rehabilitation projects
worldwide ®7. Of blue carbon habitats, mangrove
restoration projects have gained most momentum,
with projects attempted in many areas and at a range
of scales — from local community efforts of a few
hectares to large-scale 350,000-hectare restoration
and protection projects. To date, projects have met with
varied levels of success and failure and future projects
should learn from shared best practice guidelines.

Best practice principles include robust site selection,

accurate matching of mangrove species to sites

and community-led mangrove management. Recent
conservation policies in some countries have also
succeeded in reducing human-driven mangrove loss.
In the previously exploited Eastern Tropical Pacific,
policies such as the establishment of protected
areas have been effective at reducing deforestation,
with an average loss rate of only 0.02 per cent per
year €9 Mangrove restoration and protection can be a
powerful tool, enhancing biodiversity and supporting
and protecting local communities. Avoidance of
further deforestation is a priority, as once soil carbon
is disturbed and oxidised it will take a long time to
rebuild ©2,

Co-benefits

Globally mangroves cover over 8 million hectares 381,

In addition to sequestering and storing carbon,

they support biodiversity and local communities,
providing about US $9.8 billion per year in ecosystem
services worldwide M. These values include coastal
protection from storms and tsunamis, sources of fuel,
and regulation of sediment and water quality, which
supports healthier neighbouring coral reefs and
seagrass meadows 3% Mangroves are also important
for national tourism industries and community
recreation ©%. On tourism alone, the Sundarban
mangroves in Bangladesh contribute more than $50
million to the national economy 8. Mangroves provide
habitat for birds, rare species like proboscis monkeys
and Bengal tigers 7, shellfish and nurseries for fish,
with about 75 per cent of all tropical commercial

fish species spending part of their lifecycle

in mangroves %,

19



TIDAL MARSHES

i Using an areal central estimate of 5.5 million hectares.

Quick key facts:

>

Protect a global standing stock of about 1.4
billion tonnes of carbon’. However, worldwide
mapping of tidal marshes is far from
complete ™, meaning the global standing
stock ranges between 0.6 to 10.4 billion
tonnes of carbon ¢,

Global carbon burial ranges from 4.2 to 87.2
million tonnes per year 7.

Carbon is accumulated at a rate of about 0.9
tonnes per hectare per year 7.

Between 25 — 50 per cent of global tidal

marsh habitat has been lost since 1800 2542431,

Alongside their blue carbon value, tidal
marshes provide natural flood protection,
filtration of waterborne pollutants and habitat
for commercial fish species and birds.

Tidal or salt marshes have high rates of primary
production and grow in wave-protected tidal zones
mostly above mean sea level. Tidal marshes are
found in all regions, but most commonly in temperate

areas "™, and are most productive at lower latitudes ©8,

Despite their importance, global mapping of their
extent and occurrence is not complete. A recent
study estimates that tidal marshes cover 5.5 million
hectares ['¥, but this is at the low end of previous

best estimates which range from 2.2 to 40 million
hectares™®, Tidal marshes are known to occur in
many countries and continents where spatial data

is currently unknown, including Canada, Northern
Russia, South America and Africa, making it difficult to
quantify the global extent and carbon storage of tidal
marshes. There is an urgent need for further research
to increase certainty of these figures.

Carbon value

Tidal marshes are estimated to sequester carbon
several times faster than tropical rainforests and
they have an estimated global carbon burial rate
between 4.8 to 87.2 million tonnes per year™1. This

is particularly impressive given that salt marshes
only occupy 01to 2 per cent of the total land area of
tropical rainforests ! and they can store carbon for
millennia 1. The majority of sequestered carbon is in
the soil, which can be several metres deep.

Habitat loss

Easily accessible by land and water, tidal marshes
have been susceptible to human exploitation for
centuries 8. There has been rapid global loss of tidal
marshes since the 1800s of 25 — 50 per cent [354243]
and current tidal marsh decline is estimated at one
to two per cent per year, generating around 0.02

to 0.24 billion tonnes of CO, emissions per year "7,
Current human activities can place multiple stressors
on marsh ecosystems, including altered hydrology,
waterborne pollution, marsh disturbance such as
drainage for agriculture or lost to development, over-
fishing of predatory species that help regulate species
in the ecosystem "%, and climatic changes such as
increasing air and sea surface temperatures and
increasing CO, concentrations . Rising sea levels
threaten tidal marsh sustainability and permanence
of their carbon sinks 1. Nitrogen pollution
(eutrophication) is also a major driver of change in
tidal marsh ecosystems. Increased nitrogen inputs,

via agricultural run-off and wastewater reduces
tidal marsh root production, which reduces the
plant’s ability to accumulate soil. Eutrophication can
also enhance the release of nitrous oxide from tidal
marshes 3],

Restoration

Tidal marshes and their carbon sinks may survive
rising seas if there is available space for them to
migrate inland 7. Salt marsh stability and future
recovery is largely dependent on improving coastal
watershed management to reduce nutrient loading 7%,
implement sustainable fishing practices and prevent
salt marsh conversion to other uses. The ecosystem
services provided by restored wetlands are often
worth more in net economic benefits to people than
if the site were developed for private use such as
agriculture ", Hesketh Out Marsh for example, is

one of the largest salt marsh restoration projects in
the north of England, and has an estimated worth

of $2000 per hectare and a total value of $644,000
over 322 hectares . The area attracts 10,000 visitors
per year and provides educational resources, flood
defence for 140 properties, as well as biodiversity and
species richness.

Co-benefits

For decades tidal marshes have been recognized

as natural sea barriers, offering coastal areas
protection from waves and floods 7. Increasingly,
they are being used as ‘soft engineering’ elements in
coastal protection schemes, offering the advantage
over hard defences like seawalls and dykes of being
self-repairing 7871, Marshes benefit estuaries by
filtering pollutants, and act as a sink for nutrient
runoff, thereby reducing nitrogen input to estuaries
and the risk of toxic algal blooms and marine dead
zones . They are essential refuges for young fish and
crustaceans of fishery value "8, in turn supplying food
and economic security for millions of people. They are
valuable habitat for plants, birds and other animals 74,
including vital stopovers for migrating birds 9. Recent
research also suggests that healthy salt marshes and
coastal ecosystems could also play a role in reducing
stress and anxiety, especially among communities
that have experienced natural disasters 8,
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SEAGRASS

Quick key facts:

- Seagrass ecosystems protect a global
carbon store between 4.2 to 8.4 billion tonnes
of carbon, with some estimates up to 19.9
billion tonnes of carbon &, the equivalent
to greenhouse gas emissions from nearly 16
million cars driven for one year 59,

- About 29 per cent of monitored seagrass
habitat worldwide has been lost since 1879 451,

- Seagrasses hold less carbon per hectare
than mangroves and salt marshes, but due
to their large global extent and current rates
of loss and degradation they could release
between 0.05 to 0.33 billion tonnes of carbon
dioxide emissions per year!™,

- Seagrasses support high biodiversity and
contribute to the productivity of 20 per cent
of the world'’s largest fisheries #1.

Seagrasses are highly productive submerged
flowering plants that grow in meadows in shallow
marine and estuarine waters. Seagrasses occur along
shorelines of every continent except Antarctica and
are estimated to cover about 01 - 0.2 per cent of

the global ocean ¥4, Estimates of areal cover range
from 16 to 60 million hectares ™, but lack of seagrass
mapping, particularly in Africa, Indian Ocean, Indo-
Pacific region and the western coast of South America
makes it difficult to accurately account for seagrass
distribution and total carbon stores. A recent estimate
based on modelling software suggested that global
seagrass extent could be up to 165 million hectares &,
but this is at the high end of previous best estimates.
Though we understand how important seagrasses
are, we now need to know much more about their
distribution to best protect remaining meadows and
identify favourable areas to focus restoration efforts.
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Carbon value

Even though seagrasses occupy under 0.2 per cent of
the world’s oceans, they sequester about 20 per cent
of the carbon buried in ocean sediment annually 9.
Per hectare, seagrasses can store up to twice as much
carbon as terrestrial forests ® (Fig. 1) and globally,

it is likely that seagrasses capture and store 48 to

12 million tonnes of carbon per year ¥9. Seagrass
sediment carbon stores can reach up to several
metres in height, and store carbon for millennia U9,

An estimated 50 per cent of carbon stored in seagrass
soils can be of external origin (allochthonous) and as
such, seagrass meadows act as carbon sinks for larger
areas 9. Furthermore, an estimated 50 to 70 per

cent of seagrass production is exported and buried
elsewhere ™, meaning the assessment of seagrass
sediment carbon pools alone might underestimate
the role of seagrass in the carbon cycle %84, Some
seagrass species hold larger organic carbon stores

in living biomass than others ¥, Posidonia oceanica
meadows in the Mediterranean have been identified
as a seagrass species that accumulate the largest
stores of organic carbon per hectare in living biomass
(~729 tonnes), about three times more than average
global estimates of other seagrass species 8,
However, many geographic regions and seagrass
species may be underrepresented given the lack

of data ¥&,

Habitat loss

Seagrasses are among the world’s most threatened
ecosystems with approximately 29 per cent of the
world’s seagrass habitat lost since the 1800s “51,
They have been described as ‘coastal canaries’,
biological sentinels of human-induced change in our
coastal ecosystems #51. Major threats to seagrass
habitat include sewage waste and agricultural
run-off, aquaculture, coastal development, climate
change and mechanical damage such as dredging,
anchoring and fishing 8286871, The rate of seagrass
decline has increased from 0.9 per cent per year
before 1940 to 7 per cent per year since 1990 451,

In the United Kingdom more than 44 per cent of
seagrass habitat has been lost since 1936, likely due

to centuries of dramatic land-use transformation and

contamination of coastal and estuarine waters 81,
Excessive nutrient run-off from the land increases
algal growth, ‘eutrophication’, reducing light for
seagrasses #. Seagrasses are especially vulnerable
to reduced water clarity, because they require some
of the highest levels of light compared to other plant
groups 8. As they grow in shallow, protected areas,
often in the path of watershed runoff, they are more
exposed to environmental changes®. Furthermore,
increased frequency of extreme temperatures, storms
and rising sea levels associated with climate change
are expected to increase mortality of seagrasses 789,
Historical losses and recent global mapping of
seagrasses are poorly recorded and represent one of
the major challenges in seagrass conservation ©1,

Restoration

Several examples of successful seagrass restoration
projects exist, achieved via removal of environmental
stressors, such as water pollution®, large-scale
seeding programs®” and the introduction of marine
protected areas and legislation®?. For example, a
very successful project in Virginia, USA, restored 3,612
hectares of eelgrass (Zostera marina) in two decades,
dispersing 70 million seeds in an area where eelgrass
was eradicated 70 years prior to a slime mould
disease . However, major knowledge gaps remain in
seagrass restoration ). Rehabilitation efforts can be
very expensive and can be a slow process, sometimes
taking decades for meadows to recover P4, Future
projects could benefit from a seascape approach that
incorporates feedback from neighbouring ecosystems

and positive interactions between species 5,
Seagrasses are less affected by eutrophication when
mangroves and tidal marshes are present because
they trap and bury nutrients, thereby improving
water clarity ®®. Similarly, filter-feeding mussels in
the vicinity of seagrasses transfer nutrients from
the water to the sediment which increases seagrass
growth ¥, Furthermore, the presence of seagrasses
also increases survival rates of the mussels 7.
Harnessing positive interactions between species
can facilitate rehabilitation with little additional
investment. Moreover, further understanding of
historical cover of seagrass, as well as mapping,

will help to support future seagrass protection and
restoration efforts.

Co-benefits

Like mangroves and tidal marshes, seagrasses

have significant ecological and economic value 8,
Seagrass meadows filter sediment and nutrients

from the water and protect shorelines from erosion
and flooding ®9. Water purification by seagrasses

can reduce contamination of pathogens in seafood,
reduce coral disease "% and improve water clarity,

to the extent that there can be a visible difference
between vegetated and non-vegetated sites %,
Seagrass meadows help mitigate ocean acidification
locally by taking up CO, and thereby raising seawater
pH levels by about 30 per cent, Seagrasses support
biodiversity, including manatees, turtles, dugongs and
invertebrates, and contribute to the productivity of 20
per cent of the world’s largest fisheries 1,
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Quick key facts:

> Kelps attain some of the highest rates
of primary production of any natural
ecosystem 102,

- Global annual carbon burial rate of
macroalgae is estimated at 173 million
tonnes of carbon 5%,

- Seaweed farming is the fastest growing
sector of aquaculture in the world, 8 per
cent per year 0%,

- Global decline of kelp forests has been
around 2 per cent per year over the past
50 years0?, Kelps provide undersea forest
habitat, food and shelter for many marine

species, which support commercial fisheries.

They offer coastal protection from waves
and help to locally mitigate ocean
acidification o4,
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Kelp (brown algae) and other seaweeds (green and
red algae) are called macroalgae, and are the most
extensive and productive coastal vegetated habitat
around the world, growing along approximately one-
quarter of the world’s coastlines. Some kelp species
reach tens of metres in height and submerged kelp
forests provide a three-dimensional element to the
seafloor 11021051

Carbon value

Recent estimates suggest that wild macroalgae
could sequester 173 million tonnes of carbon per year
globally, of which about 80 per cent is sequestered to
the deep sea™®. Macroalgae mainly grow attached
to rocks and as a result they lack root structures that
would gradually sequester and trap soil carbon like
wetland habitats. Therefore, the climate mitigation
value of macroalgae is predominantly through the
export of carbon in plant biomass to sinks located

in shelf sediments and in the deep ocean (>1000 m),
where it can be sequestered from the atmosphere

for centennial timescales 9. Seaweed aquaculture
(farming) has been highlighted as a viable emissions
mitigator as well as a way to produce sustainable
food " and could be poised to enter the blue carbon
offset market. It is the fastest growing component

of global food production, with a growth rate of 8

per cent per year '3, and can provide alternative
food, feed and fuel products to replace land-based
options that have a higher CO, footprint ' First-
order estimates suggest that seaweed farming could
prevent 0.05 - 0.29 billion tonnes of CO, emissions per
year by 2050 '], equivalent to the greenhouse gas
emissions avoided by 60,000 wind turbines running for
one year 58,

Habitat loss

The global rate of loss of wild seaweed habitats varies
considerably between regions. Globally it is estimated
that one-third of kelp forests have been in decline over
the past 50 years 5. Threats to macroalgal habitats
include overfishing, destructive fishing gears, over-
harvesting, nutrient run-off, and ocean warming 81,
Macroalgae is not currently recognised as an official
blue carbon ecosystem by The United Nations
Framework Convention on Climate Change (UNFCCC)
policies due to scientific knowledge gaps around the
rates of carbon assimilation, the fate of exported
macroalgae "% and uncertainty around the long-term
fixed storage of carbon 2% However, research is
increasingly catching up with ambition to integrate
this habitat into blue carbon policy.

Restoration

Restoration of natural kelp forests is increasingly
viewed as necessary to safeguard the numerous
ecosystem services provided by kelp into the future M,
In Sussex, UK, a wild kelp restoration and protection

project is underway to restore 16,700 hectares of
historical kelp forest within a larger area covering
30,000 hectares (304 km?) protected from trawling

in 2021. Approaches to natural restoration include
fishing restrictions, establishing protected areas, sea
urchin removals by commercial harvest, the creation of
artificial forests by adding boulders to sandy bottoms,
seeding techniques such as ‘green gravel’, as well as
identifying and planting species more resistant to
ocean warming . In terms of seaweed aquaculture,
expansion is limited by the availability of suitable
areas. Integrating seaweed farming with other forms
of aquaculture, such as fish and bivalve farms could
improve water quality and reduce waste nitrogen,
whist providing space for seaweed farms . Another
approach to spatial management could be large-scale
seaweed farms within offshore wind farms, as being
trialled in a wind farm on the North Sea. However, while
small-scale seaweed cultivation is considered low-risk,
large-scale expansion of the industry will require
greater understanding of environmental impacts M,

Co-benefits

Kelp forests are ecosystem engineers and provide
structural habitat, food and shelter for many marine
species®®, Kelp forests buffer waves, help to reduce
coastal erosion and are highly productive and
biodiverse habitats which support fisheries and attract
tourists. Macroalgae acts as a carbon conveyor belt
and the exchange of detritus is an important form

of connectivity between coastal habitats, such as
supporting neighbouring or distant food webs with
exported detritus, in which local primary production is
usually very low 9. Seaweed can also elevate pH levels
and supply oxygen to the water, thereby reducing local
effects of ocean acidification and de-oxygenation 17,

Recent estimates suggest that wild macroalgae
could sequester 173 million tonnes of carbon
per year globally, of which about 80 per cent is
sequestered to the deep sea 08,
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Innovative blue carbon

Blue carbon accreditation methodologies exist for mangroves,
tidal marshes and seagrasses. Now, researchers are seeking to
develop new methodologies for other blue carbon storing habitats
and marine animals. These include seaweed (including kelps) and
seabed sediments, and even conceptual studies on bivalves and
marine vertebrates, like sharks and whales.

Due to knowledge and evidence gaps in novel

blue carbon science, the Intergovernmental Panel

on Climate Change (IPCC) currently only provides
guidance to countries to help them account for
mangroves, tidal marshes and seagrasses within their
national greenhouse gas inventories. However, the
inclusion of novel blue carbon into the IPCC framework
could lead to a holistic or seascape management of
the marine environment, while also helping countries to
meet targets laid out in the Paris Climate Agreement.

A seascape approach, where a multitude of habitats
and species are protected in a given areq, could result
in significant benefits for climate change mitigation,
food provision and biodiversity . Within the highly
dynamic ocean seascape there is an inherent
connectivity between marine populations and
habitats, and every component has a function within
the global carbon cycle. Neighbouring blue carbon
habitats can create favourable conditions for another,
such as protection from waves and protection from
excess nutrients and sediment®. Connectivity of
habitats also supports healthy fish populations and
trophic cascades, which may reduce over-grazing
and disturbance of blue carbon plants 4. Blue
carbon projects that take a seascape approach could
benefit from positive interactions between species
and feedback from neighbouring ecosystems ©491,
Furthermore, there is a clear need to prioritise
innovative blue carbon research to clarify the carbon
potential, sequestration rates and roles of these new
blue carbon habitats.
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Seabed sediments

Research is increasingly focusing on seabed
sediments because the size of the seabed makes
marine sediments on the ocean floor the largest pool
of carbon storage in the world, covering 35,000 million
hectares ™. Globally, marine sediments are estimated
to hold over 2,000 billion tonnes of carbon in the top
1metre ¥, and annually, a further 156 million tonnes

of carbon could be accumulated and buried on the
seabed 5811 (Table 2). If left undisturbed, seabed
sediment can be a crucial reservoir, storing carbon

for millennia 4. Disturbance of these carbon stores,
such as by bottom-trawling, dredging and offshore
construction, can re-mineralise sedimentary carbon to
CO,, though quantification and analysis of whether the
carbon is released into the atmosphere or stays in the
water column are still being carried out.

Recent first order estimates suggested that demersal
fishing vessels release as much carbon dioxide as the
entire aviation industry per year, and that reduced CO,
emissions from reducing trawling effort could generate
carbon credits . Highly protected areas that prevent
the disturbance of the seafloor can provide protection
of seabed carbon stocks, but at present only about 2
per cent of global sediment carbon stocks have such
protection 1. Coastal shelves, shallow seas, productive
upwelling areas, fjords, estuaries and areas where
muddy sediments accumulate have been identified

as potential ‘hotspots’ of carbon rich sediments, and
could help identify priority areas for seabed carbon
protection [5114-116]

Shellfish

Blue carbon research has recently extended to the
role of non-photosynthetic and calcifying ecosystems,
such as oysters and clams, in capturing carbon.
Shellfish or bivalves, like all living animals are sources
of CO,. They respire and the process of shell formation
(calcification) leads to both the release and storage
of carbon ", and some studies have suggested that
these ecosystems are likely to be net CO, sources
rather than sinks . However, bivalves may also be
carbon sinks. Bivalves such as oysters and mussels
are filter feeders that take particles from the water,
ingest them and deposit them as faeces and pseudo-
faeces (non-food particles, such as grit) — both of
which contain carbon ", As an oyster reef grows these
particles and the associated carbon can become
trapped, and furthermore, the 3D complex structure
of the reef can also trap particles from the water
column " Through sediment accumulation, shellfish
reefs may contain significant pools of carbon 1201,

In addition, recent research suggests that shellfish
reefs may increase carbon sequestration and storage
capacity in other habitats, thus providing an indirect
mitigation potential ™. Salt marsh fringing oyster
reefs have been shown to preserve carbon-rich marsh
sediment from eroding and facilitated seaward
migration of salt marshes 1,

Image credit: BLUE

Fish carbon

Marine animals can sequester carbon through a range
of natural processes that include accumulating and
storing carbon in their bodies by eating phytoplankton
and other marine species, excreting carbon-rich
waste products that either sink to the deep sea

or are consumed by other species, and fertilizing

or protecting marine plants (Fig. 2). Scientists are
beginning to recognize that healthy populations of
fish and marine mammals have the potential to help
lock carbon away from the atmosphere, whereas
overfishing of stocks can remove large amounts of blue
carbon from the ocean 2, Research has suggested
that marine vertebrates could represent an oceanic
blue carbon stock of 0.7 billion tonnes of carbon %],
but fish carbon has received little attention from
climate change mitigation schemes ™ given
uncertainties around the contribution to long-

term carbon sequestration . Furthermore, most
populations of marine megafauna reside in the

open ocean or cross international boundaries, which
presents challenges when determining management
and ownership of fish carbon sequestration ¢,
Looking ahead to the future of sustainable fisheries,
fish carbon could well be considered within fishery
carbon budgets.
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Figure 2. Examples of nine ways that marine
vertebrates play a role in the oceanic carbon

cycle. (i) Predatory species support the growth of
coastal wetlands; (ii) the swimming movement of

fish stirs up nutrients to the surface and are used by
phytoplankton as they grow, thus absorbing carbon;
(iii) bony fish excrete carbon in the form of calcium
carbonate, which raises the pH of seawater and could
provide a buffer to ocean acidification; (iv) as whales
move between the deep sea and sea surface they

excrete fecal plumes which support phytoplankton
growth; (v) fish that feed on the surface but migrate
to deep waters at night bring carbon to deep waters,

where it can be released as fecal pellets and sink to
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the seafloor; (vi) whales that move between nutrient
rich feeding grounds to nutrient poor areas excrete
urea that is rich in nitrogen and can stimulate
phytoplankton production; (vii) through the marine
food web fish eat and repackage food into carbon-
rich fecal-pellets, which can contribute to long-term
carbon storage; (viii) all living things are made of
carbon and serve as carbon reservoirs throughout
their lifespans - the larger the animal the more
carbon is stored; (ix) when large vertebrates die, their
carcasses sink and can be incorporated into marine
sediments. Source: Lutz et al,, 2018 Oceanic Blue
Carbon. Arendal: GRID-Arendal.

T =
P = I s

o T =3

SSSSE ey

SOoo0 P CARBON
Sovw -
TWILIGHT ZONE | | |
CARBON P

DEEP OCEAN FLOOR

GREAT WHALE CONVEYOR BELT

ey
e ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

e BIOMASS

CARBON

o DEADFALL

CARBON




BLUE MARINE FOUNDATION | BLUE CARBON

Economic valuations of blue carbon ecosystems

Scientists have valued coastal
wetlands globally at US $447 billion
in terms of avoided storm damages
to communities and estimate that
wetlands save 4,620 lives per year
from extreme weather events '4],

Economic values of blue carbon ecosystem services
vary from place to place. In the UK the carbon sink
capacity of tidal marshes, mud flats and sands
alone were estimated to have a value of between
£742 million and £4,259 million in 2019 ™81 |f all UK
carbon-capturing components were included in this
assessment the value would likely be much greater.
The current extent of European coastal blue carbon

Image credit: Alex Tattersall
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has an accounting stock value of about US $180
million, but conversely, extensive ecosystem loss
could mean economic losses as high as $1 billion by
2060 78 Coastal wetlands in the United States are
estimated to provide $23.2 billion per year in storm
protection services ™. At a time when the frequency
and intensity of storms is increasing, the protection
and restoration of these natural buffers is increasingly
important and of significant value. However, the
global rate of coastal wetland loss demonstrates that
conversion to other uses and economic gain is still
prioritised over conservation in some countries ™.

To halt global degradation of blue carbon ecosystems
the full value of their ecosystem services needs

to be calculated and represented in management
decisions 28],

The status of blue carbon in the UK

The UK is required by law to cut
emissions by 78 per cent by 2035
compared to 1990 levels and achieve
net-zero emissions by 2050 ['?°], |n 2019,
net territorial emissions in the UK were
454.8 million tonnes of carbon dioxide
equivalent (CO_e), of which 80 per cent
was carbon dioxide 1'%,

Conservation of, and investment in blue carbon
components presents two policy actions: protection,
keeps their large carbon stores in the ground, and
restoration, enhances further removal of atmospheric
CO, and long-term carbon burial. The UK’s local
Exclusive Economic Zone (EEZ) covers 75.7 million
hectares and a further 603.2 million hectares including
UK Overseas Territories. All blue carbon components
discussed in this report are present within these areas.

EST.

ANNUAL CARBON
HABITAT EST. AREA

SEQUESTRATION
RATE

UK blue carbon ecosystems sequester an estimated
1 million tonnes of CO, a year, which is most likely a
significant underestimation and equates to 2 per cent
of all UK emissions 4. This corresponds to nearly 30
per cent of all CO, sequestration achieved by natural
ecosystems in the UK.

The sequestration rate of tidal marshes, mud flats
and sands in local UK waters are estimated to range
between 10.5 million and 601 million tonnes of CO,e
per year I The higher range is double the carbon
sequestration rate of UK terrestrial habitats of 28
million tonnes per year 5. Another study estimated
that UK saltmarshes, seagrasses and shelf sea
sediments protected 220 million tonnes of carbon 0],
Given that only three blue carbon components have
been quantified in each study, the actual potential
contribution of blue carbon is likely higher and can
play an important role in the UK'’s carbon budget.

Salt marsh 44,000 ha 23,500 — The UK is home to 30 per cent of saltmarsh in Europe, with over half of
80,400tCO, that being located in England.
e/ha

Seagrasses 7,000 - 9,000 ha 4,200 -
13,600tCO,e/ha

Macroalgae 32,000 ha

The UK carbon stock in seagrass may be one of the largest in Europe.

Sequestration rates vary due to water quality, sediment type, and species.

60,300tCO_e/ha All the UK mangroves are in UK Overseas Territories, with the majority

within Turks and Caicos.

Kelp 400,000 - 14,700tCO,e/ha Most of the kelp is in Scotland.
800,000 ha
There is substantial variation of sequestration potential within kelp due
to temperature and species.
Maerl reefs 700,000 ha Unknown Maerl reefs have low growth rates but can store a vast amount of carbon
(based on even when they are dead.
modelling
Most maerl reef habitats are in Scotland, but habitats all around the UK
are threatened due to trawling and dredging.
Seafloor 75,664,000 ha 74 - 21,700tCO, UK sea shelf sediment protects an estimated 205 million tonnes of carbon.
mud and e/ha
sands Sequestration rate depends on location and sediment type, but it is

estimated to be 106,000 tonnes a year in the UK.

Figure 11: The estimates of extent and carbon sequestration capacity of different blue carbon ecosystems around the UK including overseas territories.
Important to note that all of these values are estimates and could be scaled higher or lower 51,
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Tidal marshes:

At about 44,000 hectares tidal marshes in the UK

are able to sequester about 36,000 tonnes of carbon
a year. In 2015, the Natural Capital Committee final
report estimated that tidal marshes in England

and Wales had the potential to increase by 22,000
hectares. If that is achieved, the blue carbon potential
of UK tidal marshes would increase by more than
18,000 tonnes of carbon a year 32,

Seagrasses:

There is very little data available on sediment carbon
within UK seagrass meadows and this is an area that
demands further research. Preliminary research in
southwest England indicates that the mean carbon
stock of UK Zostera marina seagrass meadows for the
top 100 cm of sediment (about 140 tonnes of carbon
per hectare) was just short of the global average of
about 194 tonnes of carbon per hectare, but within
the upper range of seagrass meadows recorded in
the rest of Europe M. Seagrass carbon stocks and
sequestration rates vary among regions and species
and require local research to determine the potential
contribution to the UK'’s carbon budget.
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Seabed sediment:

Blue carbon research is increasingly focusing on
seabed sediments because the size of the seabed
makes marine sediments on the ocean floor the
largest pool of carbon storage in the world. In Wales,
at least 113 million tonnes of carbon in the top 10 cm

is stored in marine sediments . In Scotland, an
estimated 9.4 million tonnes of organic carbon and
47.8 million tonnes of inorganic carbon is estimated to
be held within Scottish Special Areas of Conservation
and Nature Conservation Marine Protected Areas
alone % Fishing practices that include bottom
trawling and dredging can have significant impacts on
sedfloor faung, flora and sediment and might disturb
long-term carbon capture ¢, Bottom trawling and
dredging are only banned in 2 per cent of UK seas %7,
which makes the fishing industry, combined with its
high carbon footprint, an important consideration of
carbon emission policies.

Despite the significant extent of these natural habitats
and the potential scale of carbon sequestration within
them (Figure 1), blue carbon ecosystems in the UK are
not currently included in the national GHG inventory.
Therefore, there is little focus on the protection of

and investment in these ecosystems. This is mostly
due to the lack of scientific evidence, and high levels
of uncertainty surrounding the true extents and
sequestration capabilities of these ecosystems.

However, research and interest in these habitats

is growing, as evidenced by the UK Government's
new regional Marine Plans including blue carbon
value considerations, and proposed pilot projects
for highly protected marine areas that include their
carbon sequestration potential. The UK has made
commitments on being nature positive by 2030 and
has promised to contribute £3 billion pounds to
nature-based solutions all over the world to help
offset emissions '8,

Image credit: Alex Tattersall
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It is globally accepted that a carbon credit or offset
represents the reduction, avoidance or removal of

one metric tonne of carbon dioxide equivalent, whose
purchase and sale allows emissions to be traded and
offset-generating projects to be funded. When used
alongside direct emissions reductions, the VCM allows
organisations to accelerate immediate climate action
through compensating for emissions that have not yet
been eliminated.

For a project to generate carbon credits or offsets,

it needs to demonstrate that the achieved emission
reductions or removals are real, measurable,
traceable, permanent, additional and independently
verified (to globally accepted standards such as
Verified Carbon Standard (VCS) or Gold Standard).

Voluntary and compliance carbon markets
Carbon credits are verified to a certain standard
which includes accounting, monitoring, verification,
and certification standards, and registration and
enforcement systems.

Compliance markets are created and regulated by
mandatory international, regional, and subnational
carbon reduction schemes such as the Clean
Development Mechanism regulated by the Kyoto
Protocol, the European Union’s Emissions Trading
Scheme (EU-ETS), and the California Carbon Market.

Voluntary carbon markets function outside of the
compliance markets and enable companies and
individuals to purchase carbon offsets on a voluntary
basis. For example, individuals who seek to offset
their CO% emissions and companies who would like

to become climate neutral can buy an equivalent in
terms of offsets to “neutralise” their carbon footprint.

Voluntary carbon market - volume estimates
Ecosystem Marketplace estimates the size of the VCM
to be $473 million in 2020. As of August 31, 2021, market
transactions had already exceeded $748 million,
implying that 2021 is likely to be the highest annual
value ever tracked, potentially exceeding $1 billion.

Figure 7: Market Size by Traded Value of Voluntary Carbon Offsets, pre-2005 to 31 August 2021.

Source: Ecosystem Marketplace.
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The Taskforce for Scaling Voluntary Markets (TSVCM)
estimates that this market is expected to grow significantly,
up to 15 times in volume (an associated increase in value
terms from approximately $0.4bn to up to $25bn) by the
year 2030 and by a factor of 100 by 2050.

Global demands for voluntary carbon credits could increase by a factor of 15 by 2030 and a factor of 100 by 2050.

Voluntary demand scenarios for carbon credits, gigatons per year

Up to 100x
<7.0-13.0
3.0-4.0
~15x
~1.5-2.0 2.0
10
or 2 N
2020 2030 2050

Commitments
to date

. TSVCM survey .

NGFS “immediate action”
1.5°C pathway with
carbon-dioxide removal

NGFS scenarios

Figure 8: Voluntary demand scenarios for carbon credits between 2020 and 2050. The amounts reflect demand established by climate commitments

of more than 700 large companies. They are lower bounds because they do not

account for likely growth in commitments and do not represent all

companies worldwide. NGFS = Network for Greening the Financial System. Source: McKinsey Sustainability.

Blue carbon credits currently comprise a small
fraction of the voluntary markets, but there are a
number of coastal and marine projects underway that
are expected to significantly increase the issuance of
blue carbon credits over the next few years.

This significant growth in demand for voluntary
credits necessarily implies that development of
projects would have to ramp up at an unprecedented
rate. Most of this supply of offsets is expected to
come from nature-based solutions; and blue carbon
projects will play a key role in meeting market
demand. This in turn requires large scale funding
sources, designed to overcome the time lag between
investment and sale of verified offsets.
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The voluntary blue carbon market

The VCM includes a broad range of projects that

fall into four broad categories: (i) avoided nature

loss (including deforestation); (ii) nature-based
sequestration, such as reforestation; (iii) avoidance or
reduction of emissions such as methane from landfills;
and (iv) technology-based removal of carbon dioxide
from the atmosphere.

To date the global VCM has been dominated by
terrestrial nature-based and technology-based
projects due to the relative ease of implementation
and availability of quality scientific data and
verification standards for carbon benefits. However,
with multiple competing pressures for land use and
recognition of the dual climate and biodiversity crisis,
blue carbon projects can meet the growing need for
emissions reductions and removals, while generating
income to support coastal community livelihoods and
precious marine habitats.

The voluntary blue carbon market is in the very early
stage of its development. Blue carbon projects face
implementation challenges such as clear regulatory
frameworks for carbon credits in certain countries, the
availability of scientific evidence for certain habitats
such as seaweed or seagrass, established verification
standards and the funding needed to develop early-
stage projects.

2019

Volume Price

(MtCO,e) (UsD)

Africa 161 $3.94
Asia 45.6 $1.80
Europe 11 $2.92
Latin America & Caribbean 15.3 $3.45
North America {515 $3.51
Oceania 0.5 $12.53

However, a number of institutions are working
towards standardising and scaling the voluntary
carbon markets and have made several policy
recommendations, such as creating global standards
and a global registry of offsets, uniformity in
accounting standards, tax incentives, reporting
principles to enable transparency, and product
innovation based on nature-based solutions (NBS)
standards. These measures are intended to create the
required market structure which will of course support
the blue carbon market as it develops over the next
few years.

Pricing of blue carbon credits

The voluntary markets are still nascent (especially

the blue carbon segment), with a limited number of
participants; and hence pricing is typically negotiated
on a bilateral basis between buyers and sellers. Often,
a large proportion of the income is taken as fees by
market brokers, and hence not paid to the project itself.
The current state of the voluntary markets invariably
leads to considerable variation in prices.

Currently available blue carbon credits are typically
priced at $10 - $15 each, though prices as low as $3 or
as high as $25 have been observed. These prices for
blue carbon credits tend to be higher than those of
terrestrial credits (as shown in the chart below) due to
their smaller scale, cost and complexity to implement,
and their potential to deliver significant co-benefits
beyond carbon, such as biodiversity, climate mitigation
and supporting local community livelihoods.

2020 2021 (THROUGH AUGUST)
Volume Price Volume Price
(MtCO,e) (UsD) (MtCO,e) (USD)
14.9 $4.24 239 $5.52
63.0 $1.60 91.8 $3.34
17 $9.47 0.8 $2.96
18.9 $417 36.6 $3.74
1.6 $6.31 10.0 $5.13
01 £20.57 01 $32.93

Figure 9: Transacted Voluntary Carbon Offset Volume and Average Price by Project Region 2019 — August 2021.

Source: Ecosystem Marketplace.
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Climate, community
and biodiversity

A recent but growing trend in carbon offset projects

is to monitor and account for not just carbon
sequestration but co-benefits such as biodiversity and
community benefits. A project that can demonstrate
these additional benefits can potentially realise higher
prices for its carbon offsets which reflect both the true
social value of these ecosystems and the additional
costs required to deliver these co-benefits.

The Climate, Community and Biodiversity Alliance
(CCBA), a partnership of leading international NGOs
founded in 2003, has established standards for site-
based projects, developed by the CCBA and managed
by Verra since November 2014.

45.0
40.0
35.0
30.0

25.0

20.0

15.0

Volume (millions tCO2e)

($2.37 $2 02 [$2.34]

10.0

5.0

The CCB Standards:

- lIdentify projects that simultaneously address
climate change, support local communities and
smallholders, and conserve biodiversity;

- Promote excellence and innovation in project
design and implementation; and

- Mitigate risk for investors and offset buyers
(since these projects are more aligned with local
communities and are hence more likely to succeed
with their buy-in) and hence increase funding
opportunities for project developers.

Ecosystem Marketplace estimates that these CCB
standards are increasingly being combined with VCS
standards - in 2019, two-thirds of all voluntary offsets
were VCS or VCS+CCB. The average price per credit for
VCS+CCB credits is considerably higher than for credits
without the CCB standard — these two standards make
up the majority of the voluntary market.
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Figure 10. Average price and volume by voluntary carbon credit standards, 2019. Some of the difference is likely

due to specific characteristics in individual projects, but it is commonly accepted that buyers favour projects

with a wide range of benefits and are willing to pay a premium for offsets that deliver these co-benefits. Source:

Forest Trends’ Ecosystem Marketplace.
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Introduction

There are several compelling reasons for developing and scaling a
UK market for voluntary carbon offsets derived from the extensive,
diverse marine and coastal habitats in its territories.

The recent IPCC report has reinforced the urgent need
to reduce GHG emissions, and increase corporate net-
zero commitments which has focused the attention of
industry bodies and governments on the importance
of a functional voluntary carbon market.

This section outlines the significance of blue carbon
habitats to the UK, and the opportunity to quantify
carbon sequestration rates to generate offsets to
meet public and private commitments. The conclusion
draws on several recently published reports to
emphasise the basic market and policy requirements
for a scalable VCM to be developed.

Image credit: Colin Munro

The significance and opportunity of blue carbon in the UK

Protecting and restoring coastal and marine
ecosystems in the UK can unlock significant benefits
related to biodiversity, food security through fish stock
recovery, climate adaptation and coastal resilience,
improvement of water quality, and social wellbeing
from assisting local communities and livelihoods.

McKinsey
& Company
DEMAND SUPPLY
N ——=deadhed S
8-12 GtCO,
p-a.in 2030
Carbon
credit
deficit

Current
realistic

supply

1-5 GtCO, p.a
in 2030

In addition to the above, there is increasing interest in
the carbon sequestration potential in these ecosystems,
how this potential can be turned into voluntary offsets
and how these offsets can be used by governments and
corporations to meet their net-zero commitments. This
is very relevant as up to 75 per cent of the gap in the
voluntary carbon market will need to be filled by nature-
based solutions (Figure 2); which include protection and
restoration of blue carbon ecosystems.

SUPPLY

. c75% |

Carbon credit deficit

C.25%

Current
realistic

supply

Figure 12: About 75 per cent of all carbon offsets are expected to come from nature-based

solutions - both terrestrial and marine/coastal 37,

These ‘co-benefits’ associated with blue carbon
habitats can be quantified too, and valued as
desirable additions to carbon offsets. This is
particularly relevant in a UK context where climate
risks include coastal flooding and erosion, which

can be mitigated by coastal vegetative ecosystems.
These benefits are often easy to quantify and could
contribute meaningfully to the value of carbon offsets.

Blue carbon ecosystems need to be recognised

for their potential in order to achieve the UK’s

NDCs. Research suggests that there is significant
sequestration potential in ecosystems such as
saltmarsh and sea shelves, but coastal and marine
ecosystems remain understudied in their contributing
role in increasing sequestration capabilities through
restoration, protection, and habitat enhancement.
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The current NDC timeframe allows for necessary
improvements to scope, methodologies, and data

to further explore the prospective sequestration of
blue carbon habitats %8, Until this happens, time and
resources need to be invested into these ecosystems
in order to protect their carbon stock as well as the
essential climate adaptive services, they provide by
protecting people from coastal floods and preventing
coastal erosion.

The creation of high-quality carbon offsets requires
independent verification. Currently, UK-specific
verification methodologies exist for peatland and
woodland, and there is ongoing work to establish a
saltmarsh carbon code which will further standardise
offsets and may motivate further investment 9,

The UK has a unique opportunity to set the benchmark
for a well-designed, scalable voluntary market,

with high standards of transparency, integrity and
standardisation. This would greatly help address and
mitigate some of the common concerns about the
voluntary markets - weak regulation, inconsistent
verification methods, varying standards, and the
difficulty of cohesively accounting for co-benefits 0,
These issues, coupled with the scientific uncertainty

of blue carbon ecosystems, can be problematic for
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investors due to distrust in the quality and standards
of the carbon credits. Establishing homogenous

and rigorous verification standards, that ensure
transparency and legitimacy is a challenge faced by
all VCMs, particularly in the blue carbon realm.

An essential component to the establishment and
growth of a Voluntary Carbon Market for blue carbon
in the UK is improvement in mapping and monitoring
of blue carbon. Initial investment is required to
accelerate research that quantifies and reports

on the true distribution and carbon sequestering
capacity of the UK’s coastal ecosystems. Investment
in protecting existing blue carbon stores could be
ramped-up in a phased manner, starting with marine
habitats such as saltmarsh, seagrass and kelp, while
further evidence is collected.

Furthermore, ensuring that saltmarsh habitats are
incorporated into nature recovery network and into
the UK GHG inventory would be essential to protect
the carbon stores and reduce the risk of flood
saltwater intrusion and coastal erosion. Currently
the UK government is funding a project to establish a
salt marsh code, advancing the blue carbon potential
further 1,

Image credit: Alex Tattersall
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A blue carbon VCM for the UK -
The roadmap to market development

There are two fundamental objectives of a functional
VCM: (i) to channel funding towards nature-based
projects to allow them to reduce or avoid CO, emissions,
conserve local habitats, and help local communities with
sustainable livelihoods; and (ii) to facilitate the creation
of high-quality offsets that can be used (by buyers who

1 A supply of credible offsets

The offsets themselves need to be of high
quality, verified by credible independent agents
according to well-established methodologies.
Scientific evidence for additionality is critical

to the value of the offsets. Co-benefits need to
be specified and quantified where possible by a
trusted, independent third-party body (please
see the CCB standards for a good example)

— this is especially relevant to coastal and
marine habitats which are able to provide more
co-benefits than traditional terrestrial forestry
projects. The projects and developers should be
able to demonstrate the value of their projects
towards conversation or restoration of habitats.
Verification is a key question, with several existing
routes having various levels of relevance for

UK projects (such as VCS, Plan Vivo and Gold
Standard not to mention the writing of domestic

codes). This subject remains under discussion with

clear preference among the scientific community
to focus on the writing of independent codes.
Something of this nature is also being attempted
by Wilder Carbon.
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are aligned with and committed to decarbonisation) to
meet their net-zero commitments.

Emphasising the results of several recently published
reports, it is essential that a well-designed and scalable
VCM have certain basic characteristics.

2 Clear demand signals

Current demand for voluntary offsets is increasing
rapidly — some reports estimate a 15x rise in
demand by the year 2030. However, demand is
often affected by market forces, the performance
of the wider economy and regulation. It is
generally accepted that the demand for offsets
needs to be increased and encouraged, leading to
higher prices that are more commensurate with
the true ‘climate cost’ of emissions. This increase
in demand needs to be supported by industry
consensus on the acceptability of the VCM and
regulatory support.

3 Market infrastructure

A transparent mechanism for pricing and trading
of offsets needs to be established. This is relevant
to blue carbon offsets which are likely to carry
co-benefits, and which still form a small part

of the global VCM. Price discovery via bilateral
negotiations could be gradually replaced by

a central exchange. Trading contracts can be
standardised and digitised — both of which

are fundamental to scaling any market using
technology. Also, a government entity could

act as a ‘central bank’ for the VCM, providing a

nw
3 ‘u‘: = -
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liquidity backstop (or ‘buyer of last resort’) for blue
carbon offsets. This would encourage both private
participants as well as smaller projects, who would
have some assurance of revenues to compensate
for relatively high project set-up costs.

4 Universal registry

One of the frequently mentioned drawbacks of the
current global VCM is the risk of double counting.
This risk is magnified by the disparate registry
systems where ownership of offsets is recorded.

A UK VCM with a transparent, secure, universal
registry (including offsets owned by private entities
and counted for NDCs by the government) would
be a significant step towards establishing a global
standard for effective accounting of offsets.

5 Financing for projects

As mentioned above, one of the basic objectives
of the VCM is to channel appropriate funding to
the projects and communities that run them. This
is particularly true for smaller projects, projects
in overseas territories, and projects with habitats
where mapping or scientific measurement is not
established. Funding from private and public

Image credit: Shane Stagner
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sources is essential to overcome the high project
set-up costs, including verification, measurement
and monitoring. The possibility of generating and
trading significant volumes of high-quality offsets
should encourage the creation of innovative
blended finance structures that can ensure
equitable profit sharing with local communities.

Public policy

Public policy and government regulation is integral
to the creation and functioning of the VCM. In this
case, it is imperative that blue carbon is integrated
into the UK’s national GHG reduction strategy and
included in the NDCs. It is encouraging to see the
government endorse the Voluntary Carbon Markets
Integrity Initiative (VCMI). Their report on aligning a
VCM with a 1.50°C pathway reinforces a number of
conclusions and recommendations made in other
reports from industry bodies as well as the TSVCM.

It is estimated that marine carbon sequestration
and storage in the UK has an estimated value of
£575bn annually. A well-designed, streamlined
VCM in the UK is essential to unlock this value
within a reasonable timeframe.
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UK blue carbon case studies

Saltmarsh

Though restored saltmarsh habitats store less

carbon than intact and existing saltmarsh habitats,
the storage values balance out after 100 years 31,
Saltmarsh restoration can occur through a variety of
methods, depending on the condition of the area being
restored and its location. One method is realignment,
which leads to regeneration through flooding the land
with saltwater to encourage salt marsh growth 481,
Saltmarsh restoration costs vary and are estimated

to range between £10,000 to £50,000 per ha, which
equates to between £37 and £183 per tCO,e after 100
years 2 |n Steart Marshes, Somerset, the Wildfowl
and Wetlands Trust manage a restoration project

that protects 300 ha of saltmarsh. The project uses
the realignment method to compensate for habitat
loss due to sea level rise in the Severn Estuary ™4, The
project is funded by the UK Governments Higher Level
Stewardship agri-environmental scheme which awards
an amount of £120,000 annually.

There are high economic and ecosystem benefits of
the project. The storage of floodwater by saltmarsh
across the coastline of the Severn Estuary is valued at
£5 billion due to the added protection to about 100,000
homes and businesses 1. The co-benefits of this
project include tourism, biodiversity, and grazing land
for cattle, which have a total annual value estimated up
to £914,000 "4, Furthermore, the doubling of organic
carbon content within the soils on the site bring an
estimated added value between £15,375 and £46,125
annually priced using a ‘non-traded price of carbon’
that would be gained by carbon sequestered in the
saltmarsh habitat "4, Furthermore, management of the
project included the local community in consultations.
They also ensured to use land that is at a higher risk of
flooding to reduce the effective cost for the landowners
and to allow farmer’s cattle to graze on parts of

the saltmarsh M,

Kelp

Kelp forest regeneration is relatively nascent in the

UK with both the extent and the potential carbon
contribution of kelp still requiring evaluation '),

In 2021, the Sussex Inshore Fisheries and Conservation
Authority introduced a Nearshore Trawling Byelaw
excluding trawling from 304 km?/30,000 hectares of
inshore coastal waters under lobbying pressure from
the Sussex Wildlife Trust and others (including BLUE),
to aid the regeneration of kelp "%, The carbon benefits
are currently under investigation and the overall costs
of kelp restoration in the UK are currently unknown.
Adur and Worthing councils aim to lease the seabed
from the Crown Estate with the main intentions of
investing in climate change measures and coastal
habitat restoration %, With ambitious goals to set
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up a Marine Park and establish a trust fund for the
continuous protection of their coastal marine habitats,
there is great potential for blue carbon projects along
the Sussex Coast.

There are extensive co-benefits of this kelp restoration
project that go beyond carbon sequestration. Once
established, the ecosystem is expected to support
inshore fishing with economically valuable species such
as sole, bass, black seabream, cuttlefish, and lobsters,
reduce coastal erosion, and improve the surrounding
water quality. According to Sussex IFCA (2020), the
benefits of the enhanced value of ecosystem services
from protected kelp forests will lead to an economic
gain of more than £3 million a year [49,

Seagrass

Seagrass has a low natural regeneration rate and
the restoration potential of seagrass in the UK is
currently uncertain, with estimates ranging between
20,000 ha to 82,000 ha 5“8l Detailed mapping of
UK seagrass and site-specific data on carbon stocks
and sequestration rates is urgently required before
a reliable carbon estimate and carbon price for UK
seagrass can be established. Seagrass restoration
projects can be costly, as evidenced by a large-scale
restoration project in Virginia, USA, and prices range
from US$1,200/ha to US$4 million/ha 8" 48] |n the
Virginia project, only 10 per cent of the restoration
costs could be recovered by monetising carbon
offsets, however, there is a multitude of long term
environmental and economic co-benefits that emerge
from seagrass restoration.

While it is difficult to provide an exact estimate,
seagrass restoration projects in the UK are priced
slightly lower than the US. For example, the cost of
Ocean Conservation Trust and Life ReMEDIES project

of restoring seagrass in the Solent and Plymouth
Sound has an estimated cost of £5.2 million (US$71
million) which equates to about £650,000 /ha
(US$887,500 million/ha) "1, This ambitious seagrass
restoration project aims to restore 8 ha of seagrass
over four years through the planting of millions of
seagrass seeds, as well as targeting the seabed in

an integrated restoration approach which involves
restoring the seabed and seagrass simultaneously
and encourages longevity of the restoration. A healthy
and undisturbed seabed is vital for allowing seagrass
to flourish, providing nursery grounds for young fish -
including many commercially important species such
as pollock, plaice and herring — offer food and shelter
for protected animals, helping to reduce coastal
erosion, and cleaning surrounding seawater 1,
Furthermore, there are employment and potential
eco-tourism benefits that have been recognised by
Life ReMEDIES. Another seagrass project established
in the UK includes a 2 ha seagrass restoration in Dale
Bay, Wales.

Seabed

It is acknowledged that seabed habitats protect a
large amount of organic carbon if left undisturbed.
The main threat to sediment carbon stocks are
disruptive activities such as trawling and dredging
that resuspend stored sediment carbon. It is estimated
that in the UK EEZ between 7.3 MtCO, and 47 MtCO, is
released due to trawling annually. The most effective
protection of carbon stocks would be to ban such
activities, most notably from carbon rich seabeds,

however 95 per cent of MPAs in the UK still permit
bottom trawling.

The co-benefits of such projects would be immense
as a healthy seabed supports the expansion of
healthy coastal floral and faunal ecosystems such
as seagrass and kelp and encourage all of their
associated benefits 57,
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Recommendations & conclusion

Recommendations

1. Greater collaboration between government bodies,
research institutions, the corporate sector and
NGOs to support research, data collection and
analysis of the mitigation and adaptation benefits
of coastal and marine habitats in the UK including
overseas territories.

2. Protecting UK marine habitats including kelp beds
and seagrass meadows - safeguarding extent,
carbon stores, and associated ecosystem services
including climate change adaptation. Encourage
investment in restoration of blue carbon habitats.

3. Accelerate development of appropriate methods to
include these ecosystems in the UK GHG inventory.

4. Ensure a supply of high quality and high integrity
credits with well-established verification
methodologies.

5. Incentivise private sector participation and
stimulate demand for blue carbon offsets.

6. Ensure transparency of findings and share with

global stakeholders, allowing for future compliance
with a regulatory market.
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Conclusion

Coastal and marine ecosystems are critical to the
natural capital and climate resilience of the UK and
its overseas territories. The carbon sequestration
potential of these ecosystems could be turned into
offsets that might help to channel private capital
towards restoration and conservation projects, as well
as helping the UK meet its national obligations to limit
the effects of climate change.

An initial investment into the mapping and
sequestration potential of these habitats is required,
especially given the vast extent and diversity of
habitats in the UK. This data is fundamental to the
creation of high-quality carbon offsets, especially to the
smaller overseas territories who may lack the means to
conduct independent research and verification.

Blue carbon offsets are valued for their co-benefits
and frequently realise higher prices than terrestrial
offsets. A robust market for UK voluntary offsets would
encourage the development of new and potentially
smaller conservation and restoration projects, with

a high degree of quality, integrity, scientific evidence
and co-benefits. Domestic codes, in the style of the
peatland carbon code and woodland carbon code,
may help to make smaller projects economically
viable compared to some of the existing global
standards. Significant progress towards a trusted,
evidence-back saltmarsh carbon code by a group of
leading academics is already being made. Corporate
buyers are more likely to buy such offsets, increasing
their market demand (benefiting the underlying
projects) as well as establishing VCM prices that are
more aligned to the regulated compliance markets.

The UK has a unique opportunity to demonstrate
visionary leadership in creating a scalable VCM

that actively incorporates blue carbon. The timing

to create this VCM is fortuitous — with rapid
developments towards standardising global voluntary
markets, the ambition to accelerate net-zero
commitments set by UK government and industry, and
the urgent need for conservation and restoration of
the invaluable natural capital throughout the UK seas.

Relying on philanthropic interventions to protect

our marine environment will not mobilise sufficient
capital to reach the 30 per cent of ocean needed

to be protected to ensure sustainable levels of
biodiversity 1531541 A report from the Paulson Institute
(‘Closing the Global Biodiversity Financing Gap’)
identified a $711bn annual funding gap for nature-
based solutions, while the Dasgupta report said that:

Image credit: Alex Tattersall

“large-scale and widespread investment in Nature-
based Solutions would help us to address biodiversity
loss and significantly contribute to climate change
mitigation and adaptation, not to mention wider
economic benefits, including creating jobs."I2 If the
blue carbon market were to develop at scale, then

it could change the way we value the protection of
nature in the ocean and unlock significant capital to
the benefit of climate, biodiversity and communities.

The ocean is the world'’s biggest carbon sink. By
placing a value on the protection and restoration

of biodiversity in the ocean, we could potentially
avert the runaway climate change which is currently
threatening humanity.
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Glossary

A quick guide to blue carbon
terminology:

Blue carbon: The carbon stored in coastal and
marine ecosystems, particularly in algae, mangroves,
tidal marshes and seagrasses, in their biomass and
sediments. Blue carbon also relates to carbon stored
in seabed sediments, fish and shellfish.

Carbon sequestration: The process by which carbon

dioxide is removed from the atmosphere, for example
by trees, grasses and plants through photosynthesis,

and its long-term storage as carbon in biomass, soils
and sediments.

Carbon pool: A system with the capability of storing
and releasing carbon, such as the ocean, soils, plants
and atmosphere.

Carbon sink: An area or habitat that absorbs more
amounts of CO, from the Earth’s atmosphere than it
releases and stores it in the form of carbon, thereby
reducing the effects of global warming. Worldwide,
the ocean and vegetation are the two most important
carbon sinks.
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Carbon stock: The total amount of organic carbon
stored in a blue carbon ecosystem or carbon pool(s)
of a known size.

Eutrophication: Excessive richness of nutrients such
as phosphorous and nitrogen in a body of water,
which causes a dense growth of algal and plant life.
Eutrophication is mostly caused by human-actions,
such as sewage or agricultural run-off from land.

The enrichment of nutrients can result in deteriorated
water quality, oxygen depletion and death of fish.

Ocean acidification: As a result of human-activities,
such as burning fossil fuels, the ocean absorbs
increased levels of CO,, which leads to an ongoing
decrease in pH of the ocean. Ocean acidification
reduces the amount of carbonate in seawater, making
it more difficult for organisms such as coral and
shellfish to form and maintain skeletons and shells.

Primary production: The transfer of chemical or solar
energy to biomass. Most primary production occurs
through photosynthesis.

Trophic cascade: The simplest top-down interaction:
(i) predators suppress herbivores and allow plants
to thrive, and (ii) apex predators suppress smaller
predators, releasing herbivores to suppress plants.

A guide to blue carbon units

Scale of units:

Value Symbol
10 g kg
10°g Mg
10°g Gg

102 g Tg/Mt
10" g Pg/Gt

Metric conversions:

1hectare 10,000 m?/0.01km?

1km? 100 hectares

Name Value in tonnes of carbon
Kilogram 0.001tonne

Megagram (tonne) 1tonne

Gigagram 1000 tonnes
Teragram/Megatonne 1 million tonnes

Petagram/Gigatonne 1 billion tonnes

1tonne of carbon (1 MgC) = 3.67 tonnes of
carbon dioxide (CO,)

Carbon dioxide equivalent (CO,e or CO,eq) is a

term used to describe the amount of CO, that would
have the equivalent global warming impact of other
atmospheric greenhouse gases . For example, CO,
has a global warming potential index value of 1, but
methane and nitrous oxide cause 25 times and 298
times respectively more warming over a 100-year
period than CO,. The CO,e or CO,eq metric accounts
for these differences.

Carbon offset credits:

1 carbon credit or Verified Carbon Unit (VCU) =
1tonne of CO,e

53



BLUE MARINE FOUNDATION I

BLUE CARBON

References

10.

1.

12.

13.

14.

15.

16.

17.

54

[Core Writing Team, Pachauri, R.K and Reisinger A, (eds.)]. IPCC,
2007: Climate Change 2007: Synthesis Report. Contribution of
Working Groups I, Il and Il to the Fourth Assessment Report of
the Intergovernmental Panel on Climate Change. IPCC, Geneva,
Switzerland, 104 Pp.

LUthi D, Le Floch M, Bereiter B, et al. High-resolution carbon dioxide
concentration record 650,000-800,000 years before present.
Nature. 2008;453(7193):379-382. doi:10.1038/nature06949

Jess Shankleman, 2021, UK Says its Seabed is More Valuable for
Environment Than Oil, Bloomberg Green, https://www.bloomberg.
com/news/articles/2021-04-06/u-k-says-its-seabed-is-more-valua-
ble-for-environment-than-oil#:~text=The%20U.K.'s%20seabed %20
is,Office%20for%20Nationals%20Statistics%20show.

Masson-Delmotte, V., P. Zhai, A. Pirani S, L. Connors, C. Péan, S. Berg-
er, N. Caud, Y. Chen, L. Goldfarb, M. I. Gomis, M. Huang, K. Leitzell, E.
Lonnoy JB, R. Matthews, T. K. Maycock, T. Waterfield, O. Yelek¢i RY
and BZ (eds. . IPCC, 2021: Climate Change 2021: The Physical Science
Basis. Contribution of Working Group | to the Sixth Assessment
Report of the Intergovernmental Panel on Climate Change.; 2021.

UN Climate Change Conference (COP26) - UK 2021. COP26
Explained. https://ukcop26.org/. Accessed August 9, 2021.

McLeod E, Chmura GL, Bouillon S, et al. A blueprint for blue carbon:

Toward an improved understanding of the role of vegetated coastal
habitats in sequestering CO,. Front Ecol Environ. 2011;9(10):552-560.

doi:10.1890/110004

IPCC Task Force on National Greenhouse Gas Inventories. Meth-
odological Guidance on Lands with Wet and Drained Soils, and
Constructed Wetlands for Wastewater Treatment.; 2014. http://www.
ipcc-nggip.iges.or.jp.

Lovelock CE, Duarte CM. Dimensions of Blue Carbon and emerging
perspectives. Biol Lett. 2019;15:23955-26900. doi:10.1098/rsbl.2018.0781

Duarte CM, Losada IJ, Hendriks IE, Mazarrasa |, Marba N. The role of
coastal plant communities for climate change mitigation and adap-
tation. Nat Clim Chang. 2013;3(11):961-968. doi:101038/nclimate1970

McKenzie LJ, Nordlund LM, Jones BL, Cullen-Unsworth LC, Roelfse-
ma C, Unsworth RKF. The global distribution of seagrass meadows.
Environ Res Lett. 2020;15(7):074041. doi:101088/1748-9326/ab7d06

Pendleton L, Donato DC, Murray BC, et al. Estimating Global “Blue
Carbon” Emissions from Conversion and Degradation of Vegetated
Coastal Ecosystems. PLoS One. 2012;7(9). doi:101371/journal.
pone.0043542

Mcowen CJ, Weatherdon L V, Van Bochove JW, et al. A global map of
saltmarshes. Biodivers Data J. 2017;5(1):11764. doi:10.3897/BDJ.5.e11764

Spalding M. World Atlas of Mangroves. Routledge; 2010.

Global Mangrove Watch. https://www.globalmangrovewatch.
org/?map=eyJiYXNIbWFwljoibGINnaHQILCJ2aWV3cG9ydCleeyJsYX-
RpdHVkZSI6MjAsImxvbmdpdHVkZSIBMCwiem9vbSIeMiwiYmVhcm-
luZyleMCwicGl0Y2giOjB9fQ%3D%3D. Accessed August 25, 2021.

Bunting P, Rosenqgvist A, Lucas RM, et al. The global mangrove watch
- A new 2010 global baseline of mangrove extent. Remote Sens.
2018;10(10):1669. doi:10.3390/rs10101669

Duarte CM, Middelburg JJ, Caraco N. Major role of marine
vegetation on the oceanic carbon cycle. Biogeosciences. 2005;2(1):1-
8. doi:10.5194/bg-2-1-2005

Hoegh-Guldberg O, Caldeira K, Chopin T, et al. The Ocean as a
Solution to Climate Change: Five Opportunities for Action. Report
Washingt World Resour Institute Available online http/www.
oceanpanel.org/climate. 2019:116. http://www.oceanpanel.org/
climate. Accessed February 6, 2021.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Chambers JQ, Higuchi N, Tribuzy ES, Trumbore SE. Carbon sink for
a century: Intact rainforests have a long-term storage capacity.
Nature. 2001;410(6827):429. doi:10.1038/35068624

Lo locano C, Mateo MA, Gracia E, et al. Very high-resolution
seismo-acoustic imaging of seagrass meadows (Mediterranean
Sea): Implications for carbon sink estimates. Geophys Res Lett.
2008;35(18). doi:10.1029/2008GL034773

Chmura GL, Anisfeld SC, Cahoon DR, Lynch JC. Global carbon
sequestration in tidal, saline wetland soils. Global Biogeochem
Cycles. 2003;17(4):1111. doi:10.1029/2002gb001917

Jackson EL, Rees SE, Wilding C, Attrill MJ. Use of a seagrass
residency index to apportion commercial fishery landing values
and recreation fisheries expenditure to seagrass habitat service.
Conserv Biol. 2015;29(3):899-909. doi:10.1111/COBI.12436

Cohen-Shacham E, Walters G, Janzen C, Maginnis S. Nature-Based
Solutions to Address Global Societal Challenges.; 2016. doi:10.2305/
iucn.ch.201613.en

Gruber N, Clement D, Carter BR, et al. The oceanic sink for anthro-
pogenic CO 2 from 1994 to 2007. Science (80- ). 2019;363(6432):1193-
1199. doi10.1126/science.aau5153

Duffy, J. E. 20083. Biodiversity loss, trophic skew and ecosystem
functioning. Ecology Letters, 6(8), 680-687. https://doi.org/101046/
j1461-0248.2003.00494.x

Atwood, T. B and Hammil, E. 2018. The Importance of Marine
Predators in the Provisioning of Ecosystem Services by Coastal
Plant Communities. Frontiers in Plant Science.

Willoughby, L. 2018. Can predators have a big impact on carbon
emissions calculations? News Feature: PNAS, 115(10), 2260-2263.

Wilmers, C. C,, Estes, J. A, Edwards, M., Laidre, K. and Konar, B. 2012.
Do trophic cascades affect the storage and flux of atmospheric
carbon? An analysis of sea otters and kelp forests. Frontiers in
Ecology and the Environment, 10(8), 409-415.

Wyatt, K. H, McCann, K. S., Rober, A. R, Turetsky, M. R. 2021. Trophic
interactions regulate peatland carbon cycling. Ecology Letters, 24,
781-790

Gruber N, Clement D, Carter BR, et al. The oceanic sink for anthro-
pogenic CO 2 from 1994 to 2007. Science (80- ). 2019;363(6432):1193-
1199. doi:10.1126/science.aau5153

Sabine CL, Feely RA, Gruber N, et al. The oceanic sink for anthro-
pogenic CO,. Science (80- ). 2004;305(5682):367-371. doi:10.1126/
sciencel097403

United Nations. Emissions Gap Emissions Gap Report 2020.; 2020.
https://www.unenvironment.org/interactive/emissions-gap-re-
port/2019/.

Kauffman JB, Bernardino AF, Ferreira TO, Bolton NW, Gomes LE de
O, Nobrega GN. Shrimp ponds lead to massive loss of soil carbon

and greenhouse gas emissions in northeastern Brazilian mangroves.

Ecol Evol. 2018;8(11):5530-5540. doi:10.1002/ECE3.4079

Yuan J, Xiang J, Liu D, et al. Rapid growth in greenhouse gas
emissions from the adoption of industrial-scale aquaculture. Nat
Clim Chang 2019 94. 2019;9(4):318-322. doi:10.1038/s41558-019-0425-9

Forster, P, V. Ramaswamy, P. Artaxo, T. Berntsen, R. Betts, D.W. Fahey,
J. Haywood, J. Lean, D.C. Lowe, G. Myhre, J. Nganga RP, G. Raga MS
and RVD. Changes in Atmospheric Constituents and in Radiative
Forcing. In: Climate Change 2007: The Physical Science Basis.
Contribution of Working Group | to the Fourth Assessment Report
of the Intergovernmental Panel on Climate Change [Solomon, S,

D. Qin, M. Ma. In: Climate Change 2007: The Physical Science Basis.
Cambridge University Press, Cambridge, United Kingdom and New
York, NY, USA; 2007:665-745. https://www.ipcc.ch/site/assets/up-
loads/2018/02/ar4-wgl-chapter2-1.pdf#table-2-14. Accessed August
23,2021.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

Barbier EB, Hacker SD, Kennedy C, Koch EW, Stier AC, Silliman BR.
The value of estuarine and coastal ecosystem services. Ecol Monogr.
2011;81(2):169-193. d0i:10.1890/10-1510.1

Howard J, Sutton-Grier A, Herr D, et al. Clarifying the role of
coastal and marine systems in climate mitigation. Front Ecol Env.
2017,15(1):42-50. doi10.1002/fee1451

Each Country’s Share of CO, Emissions. https://www.ucsusa.org/
resources/each-countrys-share-co2-emissions. Accessed June 18,
2021.

Hamilton SE, Casey D. Creation of a high spatio-temporal resolution
global database of continuous mangrove forest cover for the

21st century (CGMFC-21). Glob Ecol Biogeogr. 2016;25(6):729-738.
doi10.1111/geb12449

Alongi DM. Present state and future of the world’s mangrove
forests. Environ Conserv. 2002;29:331-349. https://www.jstor.org/
stable/44520614. Accessed June 23, 2021.

Valiela |, Bowen JL, York JK. Mangrove Forests: One of the World's
Threatened Major Tropical Environments: At least 35% of the
area of mangrove forests has been lost in the past two decades,
losses that exceed those for tropical rain forests and coral reefs,
two other well-known threa. Bioscience. 2001;51(10):807-815.
doi10.1641/0006-3568(2001)051[0807:MFOOTW]2.0.CO;2

Atwood TB, Connolly RM, Almahasheer H, et al. Global patterns
in mangrove soil carbon stocks and losses. Nat Clim Chang.
2017;7(7):523-528. doi:10.1038/nclimate 3326

Crooks S, Herr D, Tamelander J, Laffoley D, Vandever J. Mitigating
Climate Change through Restoration and Management of Coastal
Wetlands and Near-shore Marine Ecosystems : Challenges and
Opportunities. 2011. https://openknowledge.worldbank.org/han-
dle/10986/18318. Accessed August 26, 2021.

Duarte CM, Dennison WC, Orth RJW, Carruthers TJB. The Charisma
of Coastal Ecosystems: Addressing the Imbalance. Estuaries Coasts
2008 312. 2008;31(2):233-238. doi:10.1007/S12237-008-9038-7

Lotze HK, Lenihan HS, Bourque BJ, et al. Depletion degradation, and
recovery potential of estuaries and coastal seas. Science (80- ).
2006;312(5781):1806-1809. doi:10.1126/science 1128035

Waycott M, Duarte CM, Carruthers TJB, et al. Accelerating loss
of seagrasses across the globe threatens coastal ecosystems.
Proc Natl Acad Sci U S A. 2009;106(30):12377-12381. doi:10.1073/
pnas.0905620106

Jardine SL, Siikamaki J V. A global predictive model of carbon in
mangrove soils. Environ Res Lett. 2014;9(10):104013. doi:10.1088/1748-
9326/9/10/104013

Macreadie PI, Hughes AR, Kimbro DL. Loss of “Blue Carbon” from
Coastal Salt Marshes Following Habitat Disturbance. PLoS One.
2013;8(7):69244. doi:10.1371/journal.pone.0069244

Fourgurean JW, Duarte CM, Kennedy H, et al. Seagrass ecosystems
as a globally significant carbon stock. Nat Geosci. 2012;5(7):505-509.
doi:10.1038/nge01477

Kennedy H, Beggins J, Duarte CM, et al. Seagrass sediments as a
global carbon sink: Isotopic constraints. Global Biogeochem Cycles.
2010;24(4). doi:101029/2010GB003848

Krause-Jensen D, Duarte CM. Substantial role of macroalgae
in marine carbon sequestration. Nat Geosci. 2016;9(10):737-742.
doi10.1038/ngeo2790

Atwood TB, Witt A, Mayorga J, Hammill E, Sala E. Global Patterns
in Marine Sediment Carbon Stocks. Front Mar Sci. 2020;7:165.
doi:10.3389/fmars.2020.00165

Berner RA. Burial of organic carbon and pyrite sulfur in the modern
ocean: Its geochemical and environmental significance. Am J Sci.
1982;282(4):451-473. doi:10.2475/ajs.282.4.451

Smith RW, Bianchi TS, Allison M, Savage C, Galy V. High rates of
organic carbon burial in fjord sediments globally. Nat Geosci.
2015;8(6):450-453. doi:10.1038/NGEO2421

54.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Howard, J.,, Hoyt, S., Isensee, K., Telszewski, M., Pidgeon E. Coastal
blue Carbon: Methods for assessing carbon stocks and emissions
factors in mangroves, tidal salt marshes, and seagrasses. Conserv
Int Intergov Oceanogr Comm UNESCO, Arlington, Virginia, USA.
2014. http://www.unesco.org/new/en/natural-sciences/ioc-oceans/
sections-and-programmes/ocean-sciences/ocean-carbon/coast-
al-blue-carbon/.

Donato DC, Kauffman JB, Murdiyarso D, Kurnianto S, Stidham M,
Kanninen M. Mangroves among the most carbon-rich forests in the
tropics. Nat Geosci. 2011;4(5):293-297. doi:10.1038/ngeo1123

EPA United States Environmental Protection Agency. https://www.
epa.gov/energy/greenhouse-gas-equivalencies-calculator. Accessed
August 20, 2021.

Goldberg L, Lagomasino D, Thomas N, Fatoyinbo T. Global declines
in human-driven mangrove loss. Glob Chang Biol. 2020;26(10):5844-
5855. doi:10.1111/gcb 15275

Giri C, Ochieng E, Tieszen LL, et al. Status and distribution of
mangrove forests of the world using earth observation satellite
data. Glob Ecol Biogeogr. 2011;20(1):154-159. doi:10.1111/j.1466-
8238.2010.00584.x

Hamilton SE, Friess DA. Global carbon stocks and potential
emissions due to mangrove deforestation from 2000 to 2012. Nat
Clim Chang. 2018;8(3):240-244. doi:10.1038/s41558-018-0090-4

Lopez-Angarita J, Tilley A, Hawkins JP, Pedraza C, Roberts CM. Land
use patterns and influences of protected areas on mangroves of
the eastern tropical Pacific. Biol Conserv. 2018;227:82-91. doi:10.1016/j.
biocon.2018.08.020

Friess DA, Rogers K, Lovelock CE, et al. The State of the World’s
Mangrove Forests: Past, Present, and Future. Annu Rev Environ
Resour. 2019;44:89-115. doi:10.1146/annurev-environ-101718-033302

Arias-Ortiz A, Masqué P, Glass L, et al. Losses of Soil Organic Carbon
with Deforestation in Mangroves of Madagascar. Ecosystems. 2020.
doi10.1007/s10021-020-00500-z

Kauffman JB, Donato DC. Protocols for the measurement, moni-
toring and reporting of structure, biomass and carbon stocks in
mangrove forests. CIFOR. 2012;Working pa:37.

Chen G, Azkab MH, Chmura GL, et al. Mangroves as a major source
of soil carbon storage in adjacent seagrass meadows. Sci Rep.
2017;7(1):1-10. doi:10.1038/srep 42406

Ahmad, Y. and Suratman, M. N. 2021. The Roles of Mangroves in
Sustainable Tourism Development. Mangroves: Ecology, Biodiversity
and Management. DOI: 101007/978-981-16-2494-0_17

Nobi, M. N. et al. 2021. Economic valuation of tourism of the Sunda-
rban Mangroves, Bangladesh. Journal of Ecology and the Natural
Environment, 13(4). Available online: 10.5897/JENE2021.0910

Mukul, S. A, Huo, S., Herbohn, J., Seddon, N. And Laurance, W. F. 2020.
Saving the Sundarbans from development. Science, 368(6496). DOI:
101126/science.abb9448

Gedan KB, Silliman BR, Bertness MD. Centuries of human-driven
change in salt marsh ecosystems. Ann Rev Mar Sci. 2009,1:117-141.
doi:10.1146/annurev.marine.010908.163930

Howard J, Hoyt S, Isensee K, Pidgeon E, Telszewski M, Newsletter
NW. Coastal blue Carbon: Methods for assessing carbon stocks and
emissions factors in mangroves, tidal salt marshes, and seagrasses.
Conserv Int Intergov Oceanogr Comm UNESCO, Arlington, Virginia,
USA. 2014;36(1):180.

Silliman BR, Bertness MD. A trophic cascade regulates salt marsh
primary production. Proc Nat! Acad Sci U S A. 2002;99(16):10500-
10505. doi:10.1073/pnas162366599

Chmura GL. What do we need to assess the sustainability of the
tidal salt marsh carbon sink? Ocean Coast Manag. 2013;83:25-31.
doi:10.1016/j.ocecoaman.2011.09.006

Darby FA, Turner RE. Effects of eutrophication on salt marsh root
and rhizome biomass accumulation. Mar Ecol Prog Ser. 2008;363:63-
70. doi10.3354/meps07423

55



BLUE MARINE FOUNDATION I

78.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

9.

56

BLUE CARBON

Martin RM, Wigand C, EImstrom E, Lloret J, Valiela I. Long-term nutri-
ent addition increases respiration and nitrous oxide emissions in a
New England salt marsh. Ecol Evol. 2018;8(10):4958-4966. doi:101002/
ECE3.3955

Bradbury RB, Butchart SHM, Fisher B, et al. The economic conse-
quences of conserving or restoring sites for nature. Nat Sustain 2021
47.2021;4(7):602-608. doi:10.1038/s41893-021-00692-9

Climate Adapt.EEA. Hesketh Out Marsh case study. https://cli-
mate-adapt.eea.europa.eu/metadata/case-studies/saltmarsh-rec-
reation-by-managed-realignment-hesketh-out-marsh-uk.

Warren RS, Fell PE, Rozsa R, et al. Salt Marsh Restoration in
Connecticut: 20 Years of Science and Management. Restor Ecol.
2002;10(3):497-513. doi:101046/J1526-100X.2002.01031.X

Adam P. Salt Marsh Restoration. Coast Wetl An Integr Ecosyst
Approach. January 2019:817-861. doi:10.1016/B978-0-444-63893-
9.00023-X

Baker R, Taylor MD, Able KW, et al. Fisheries rely on threatened salt
marshes. Science (80- ). 2020,;370(6517):670-671. doi:10.1126/science.
abe9332

Wiest WA, Correll MD, Olsen BJ, et al. Population estimates for tidal
marsh birds of high conservation concern in the northeastern USA
from a design-based survey. Condor. 2016;118(2):274-288. doi:10.1650/
CONDOR-15-301

Sutton-Grier, A. E. and Sandifer, P. A. 2018. Conservation of Wetlands
and Other Ecosystems: a Commentary on their Value to Protect
Biodiversity, Reduce Disaster Impacts, and Promote Human Health
and Well-Being. Wetlands, 39, 1295-1302. https://doi.org/101007/
s13157-018-1039-0

Unsworth RKF, Nordlund LM, Cullen-Unsworth LC. Seagrass
meadows support global fisheries production. Conserv Lett.
2019;12(1):e12566. doi:10.1111/conl 12566

Duarte CM. The future of seagrass meadows. Conservation.
2002;29(2):192-206. doi:10.1017/S0376892902000127

Jayathilake DRM, Costello MJ. A modelled global distribution of
the seagrass biome. Biol Conserv. 2018;226:120-126. doi:10.1016/].
biocon.2018.07.009

Huxham M, Whitlock D, Githaiga M, Dencer-Brown A. Carbon in the
coastal seascape: How interactions between mangrove forests,
seagrass meadows and tidal marshes influence carbon storage.
Curr For Reports. 2018;4(2):101-110. doi:10.1007/s40725-018-0077-4

Orth RJ, Carruthers TJB, Dennison WC, et al. A global crisis for
seagrass ecosystems. Bioscience. 2006;56(12):987-996. doi:10.1641/00
06-3568(2006)56[987:AGCFSE]2.0.CO;2

Green AE, Unsworth RKF, Chadwick MA, Jones PJS. Historical Anal-
ysis Exposes Catastrophic Seagrass Loss for the United Kingdom.
Front Plant Sci. 2021;,12. doi:10.3389/fpls.2021.629962

Collier CJ, Waycott M. Temperature extremes reduce seagrass
growth and induce mortality. Mar Pollut Bull. 2014,;83(2):483-490.
doi:101016/j.marpolbul.2014.03.050

Dennison WC, Orth RJ, Moore KA, et al. Assessing water quality
with submersed aquatic vegetation. Bioscience. 1993;43(3):86-94.
doi:10.2307/1311969

Rasheed MA, Unsworth RKF. Long-term climate-associated
dynamics of a tropical seagrass meadow: implications for the future.
Mar Ecol Prog Ser. 2011;422:93-103. doi:10.3354/MEPS08925

de los Santos CB, Krause-Jensen D, Alcoverro T, et al. Recent trend
reversal for declining European seagrass meadows. Nat Commun.
2019;10(1). doi:10.1038/s41467-019-11340-4

Orth RJ, Lefcheck JS, McGlathery KS, et al. Restoration of seagrass
habitat leads to rapid recovery of coastal ecosystem services. Sci
Adv. 2020;6(41):1-10. doi:10.1126/sciadv.abc6434

92.

93.

94.

985.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

1o.

m.

Di'‘az-Almela, E. & Duarte CM. Management of Natura 2000
Habitats. 1120 *Posidonia Beds (Posidonion Oceanicae). European
Commission, DG ENV B2, Technical Report 2008-01-24. 46.; 2008.
http://ec.europa.eu/environment/nature/ natura2000/management/
habitats/pdf/1120_Posidonia_beds.pdf.

Tan YM, Dalby O, Kendrick GA, et al. Seagrass Restoration Is
Possible: Insights and Lessons From Australia and New Zealand.
Front Mar Sci. 2020;7:617. doi:10.3389/fmars.2020.00617

Bayraktarov E, Saunders MI, Abdullah S, et al. The cost and feasi-
bility of marine coastal restoration. Ecol Appl. 2016;26(4):1055-1074.
doi:10.1890/15-1077

Valdez SR, Zhang YS, van der Heide T, et al. Positive Ecological
Interactions and the Success of Seagrass Restoration. Front Mar Sci.
2020;7. doi10.3389/fmars.2020.00091

Valiela |, Cole ML. Comparative Evidence that Salt Marshes and
Mangroves May Protect Seagrass Meadows from Land-derived
Nitrogen Loads. 2002. doi:10.1007/s10021-001-0058-4

Peterson, Bradley J; Heck KLJ. Positive interactions between
suspension-feeding bivalves and seagrass - a facultative mutual-
ism. Mar Ecol Prog Ser. 2001;213:143-155. https://www.int-res.com/
abstracts/meps/v213/p143-155/.

Dewsbury BM, Bhat M, Fourqurean JW. A review of seagrass
economic valuations: Gaps and progress in valuation approaches.
Ecosyst Serv. 2016;18:68-77. doi:101016/j.ecoser.2016.02.010

Mtwana Nordlund L, Koch EW, Barbier EB, Creed JC. Seagrass
ecosystem services and their variability across genera and
geographical regions. PLoS One. 2016;11(10):e0163091. doi:101371/
journal.pone.0163091

Lamb JB, Van De Water JAUM, Bourne DG, et al. Seagrass ecosys-
tems reduce exposure to bacterial pathogens of humans, fishes,
and invertebrates. Science (80- ). 2017;355(6326):731-733. doi:10.1126/
science.aal1956

Ricart AM, Ward M, Hill TM, et al. Coast-wide evidence of low
pH amelioration by seagrass ecosystems. Glob Chang Biol.
2021;27(11):2580-2591. doi:10.1111/gcb 15594

Wernberg T, Krumhansl K, Filbee-Dexter K, Pedersen MF. Status and
trends for the world'’s kelp forests. In: World Seas: An Environmental
Evaluation Volume Ill: Ecological Issues and Environmental Impacts.
Elsevier; 2018:57-78. doi:10.1016/B978-0-12-805052-1.00003-6

Food and Agriculture Organisation of the United Nations. FAO.
The State of Fisheries and Aquaculture 2016. Contributing to Food
Security and Nutrition for All.; 2016.

Xiao X, Agusti S, Yu Y, et al. Seaweed farms provide refugia from
ocean acidification. Sci Total Environ. 2021;776:145192. doi:10.1016/j.
scitotenv.2021145192

Krumhansl KA, Okamoto DK, Rassweiler A, et al. Global patterns of
kelp forest change over the past half-century. Proc Natl Acad Sci
U S A. 2016;113(48):13785-13790. doi:10.1073/pnas1606102113

Krause-Jensen D, Duarte CM. Substantial role of macroalgae
in marine carbon sequestration. Nat Geosci. 2016;9(10):737-742.
doi:10.1038/nge02790

Duarte CM, Wu J, Xiao X, Bruhn A, Krause-Jensen D. Can seaweed
farming play a role in climate change mitigation and adaptation?
Front Mar Sci. 2017;4(APR). doi:10.3389/fmars.2017.00100

Krumhans| KA, Scheibling RE. Production and fate of kelp detritus.
Mar Ecol Prog Ser. 2012;467:281-302. doi:10.3354/meps09940

Pessarrodona A, Moore PJ, Sayer MDJ, Smale DA. Carbon
assimilation and transfer through kelp forests in the NE Atlantic
is diminished under a warmer ocean climate. Glob Chang Biol.
2018,24(9):4386-4398. doi:10.1111/gcb.14303

Duarte, CM,, Wu, J,, Xiao, X,, Bruhn, A. and Krause-Jensen, D., 2017.
Can seaweed farming play a role in climate change mitigation and
adaptation?. Frontiers in Marine Science, 4, p100.

Krumhansl, K.A. and Scheibling, R.E., 2012. Production and fate of
kelp detritus. Marine Ecology Progress Series, 467, pp.281-302.

2.

13.

n4.

1s.

6.

7.

8.

9.

120.

121

122.

123.

124.

125.

126.

127.

128.

129.

130.

Wartenberg R, Feng L, Wu JJ, et al. The impacts of suspended
mariculture on coastal zones in China and the scope for Integrated
Multi-Trophic Aquaculture. Ecosyst Heal Sustain. 2017;3(6). doi:10.108
0/20964129.20171340268

Campbell |, Macleod A, Sahimann C, et al. The environmental risks
associated with the development of seaweed farming in Europe

- prioritizing key knowledge gaps. Front Mar Sci. 2019;6(MAR):107.
doi:10.3389/fmars.2019.00107

Sala E, Mayorga J, Bradley D, et al. Protecting the global ocean
for biodiversity, food and climate. Nature. 2021;(December 2019).
doi10.1038/s41586-021-03371-z

Smeaton C, Hunt CA, Turrell WR, Austin WEN. Marine Sedimentary
Carbon Stocks of the United Kingdom's Exclusive Economic Zone.
Front Earth Sci. 2021;9:50. doi:10.3389/feart.2021.593324

Smeaton C, Austin WEN, Davies AL, Baltzer A, Howe JA, Baxter JM.
Scotland’s forgotten carbon: A national assessment of mid-latitude
fjord sedimentary carbon stocks. Biogeosciences. 2017;14(24):5663-
5674. doi:10.5194/bg-14-5663-2017

Lee, H. Z. L. and Sanderson WG. Real-time carbon budgets and

the native oyster: carbon sink or source? https://noraeurope.eu/
real-time-carbon-budgets-and-the-native-oyster-carbon-sink-or-
source-2/. Published 2020.

Macreadie PI, Serrano O, Maher DT, Duarte CM, Beardall J.
Addressing calcium carbonate cycling in blue carbon accounting.
Limnol Oceanogr Lett. 2017;2(6):195-201. doi:10.1002/101210052

Lee HZL, Davies IM, Baxter JM, Diele K, Sanderson WG. Missing
the full story: First estimates of carbon deposition rates for the
European flat oyster, Ostrea edulis. Aquat Conserv Mar Freshw
Ecosyst. 2020;30(11):2076-2086. doi:10.1002/aqc.3402

Fodrie FJ, Rodriguez AB, Gittman RK, et al. Oyster reefs as carbon
sources and sinks. Proc R Soc B Biol Sci. 2017;284(1859). doi:101098/
rspb.2017.0891

Ridge JT, Rodriguez AB, Fodrie FJ. Salt Marsh and Fringing Oyster
Reef Transgression in a Shallow Temperate Estuary: Implications for
Restoration, Conservation and Blue Carbon. Estuaries and Coasts.
2017;40(4):1013-1027. doi:101007/s12237-016-0196-8

Mariani G, Cheung WWL, Lyet A, et al. Let More Big Fish Sink: Fisher-
ies Prevent Blue Carbon Sequestration-Half in Unprofitable Areas.
Vol 6.; 2020. http://advances.sciencemag.org/. Accessed January 21,
2021.

Bar-On YM, Phillips R, Milo R. The biomass distribution on Earth. Proc
Natl Acad Sci U S A. 2018;115(25):6506-6511. doi:10.1073/pnas1711842115

Costanza R, Anderson SJ, Sutton P, et al. The global value of coastal
wetlands for storm protection. Glob Environ Chang. 2021,70:102328.
doi:10.1016/J.GLOENVCHA.2021.102328

Marine accounts, natural capital, UK - Office for National Statistics.
https://www.ons.gov.uk/economy/environmentalaccounts/bulletins/
marineaccountsnaturalcapitaluk/2021. Accessed August 20, 2021.

Luisetti T, Jackson EL, Turner RK. Valuing the European “coastal blue
carbon” storage benefit. doi:101016/j.marpolbul.2013.03.029

Costanza, R, Pérez-Maqueo, O., Martinez, M.L., Sutton, P, Anderson,
S.J. and Mulder K. The value of coastal wetlands for hurricane
protection. Ambio. 2008:pp.241-248.

Windham-Myers, L., Crooks, S. and Troxler TG eds. A Blue Carbon
Primer: The State of Coastal Wetland Carbon Science, Practice and
Policy. CRC Press.; 2018.

UK enshrines new target in law to slash emissions by 78% by 2035

- GOV.UK. https://www.gov.uk/government/news/uk-enshrines-new-
target-in-law-to-slash-emissions-by-78-by-2035. Accessed August
20, 2021.

Luisetti T, Turner RK, Andrews JE, et al. Quantifying and valuing
carbon flows and stores in coastal and shelf ecosystems in the UK.
Ecosyst Serv. 2019;35:67-76. doi:10.1016/j.ecoser.2018.10.013

131

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151

152.

188.

154.

Armstrong S, Hull S, Pearson Z, Wilson R, Kay S. Estimating the
Carbon Sink Potential of the Welsh Marine Environment.; 2020.
www.naturalresourceswales.gov.uk. Accessed January 20, 2021.

Marine Conservation Society, Rewilding Britain. Blue Carbon Ocean-
Based Solutions to Fight the Climate Crisis.; 2021.

Burrows MT, Kamenos NA, Hughes DJ, Stahl H, Howe JA, Tett P.
SNH Commissioned Report 761: Assessment of carbon budgets
and potential blue carbon stores in Scotland’s coastal and marine
environment. 2015.

Parker, R. et al. (2021). Carbon stocks and accumulation analysis for
Secretary of State (SoS) region.

UK Parliament (2021). Post Note: Blue Carbon; Available at: https://
researchbriefings files.parliament.uk/documents/POST-PN-0651/
POST-PN-0651.pdf

Sharma, A. et al. (2021). Prime Minister commits £3bn UK climate
finance to supporting nature. UK

TSCM, (2021). Taskforce on Scaling Voluntary Carbon Markets
Report.

Stafford, R. et al. (2021). Nature based Solutions for Climate Change
in the UK: A Report by the British Ecological Society. British
Ecological Society, London.

Environment Agency et al. (2021). Innovative nature projects
awarded funding to drive private investment. Environment Agency,
Department for the Environment, Food and Rural Affairs and
Natural England

McKinsey & Company (2021). A blueprint for scaling voluntary
carbon markets to meet the climate challenge.

Green, A, Chadwick, M.A. and Jones, P.J., 2018. Variability of UK
seagrass sediment carbon: Implications for blue carbon estimates
and marine conservation management. PLoS One, 13(9), p.e0204431.

Beechener, G. et al. (2021). Achieving net zero: A review of the evi-
dence behind potential carbon offsetting approaches. Environment
Agency.

Burden, A. et al. (2019). Effect of restoration on saltmarsh carbon
accumulation in Eastern England. Biol. Lett., Vol 15, 20180773.

da Silva, L. V. et al. (2014). Ecosystem services assessment at Steart
Peninsula, Somerset, UK. Ecosyst. Serv., Vol 10,19-34.

Wildfowl and Wetlands Trust Steart Marshes - About. Wildfowl and
Wetlands Trust.

Green, A. E. et al. (2021). Historical Analysis Exposes Catastrophic
Seagrass Loss for the United Kingdom. Front. Plant Sci., Vol 12,
629962.

Oreska, M. P. J. et al. (2020). The greenhouse gas offset potential
from seagrass restoration. Sci. Rep., Vol 10, 7325.

Orth, R. J. et al. (2020). Restoration of seagrass habitat leads to rapid
recovery of coastal ecosystem services

Sussex IFCA (2020). Sussex IFCA Nearshore Trawling Byelaw 2019
Impact Assessment.

Adur-worthing.gov.uk. 2021. Press release archive | PR21-086 | Coun-
cils aim to lease seabed from Queen in major marine restoration
project - Adur & Worthing Councils.

Save Our Seabed. 2021. Save Our Seabed: saveourseabed.co.uk

Dasgupta, P, 2021. The Economics of Biodiversity: the Dasgupta
Review. HM Treasury.

Global Ocean Alliance, 30 by 30 Initiative, GOV.UK, https://www.gov.
uk/government/topical-events/global-ocean-alliance-30by30-initi-
ative/about

High Ambition Coalition, For Nature and People, https://www.
hacfornatureandpeople.org/

57



i .f{ﬁ

H § -'.' . :" I
e red‘it:A@,TGttefSé‘H




Sponsored by:

DP WORLD

=N

BLUE CARBON IN THE UNITED KINGDOM

—
— UNDERSTANDING THE OPPORTUNITY c

Norris, C., Roberts, C., Epstein, G., Crockett, D., Natarajan, S.,

BLUE MARINE
Barisa, K., Locke, S. (2021) ‘Blue Carbon in the United Kingdom: FOUNDATION
Understanding and developing the opportunity’.

bluemarinefoundation.com N U TR

EXETER

Report design by Jory&Co.



