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NBFN: TOP 10 TRENDS FROM 2022

2022 was a year of contrasts. On the one
hand, there was growing interest in blue
forests-related issues such as the blue
economy, marine protection, and how the
ocean can play a major role in lifting us out of
the current climate and environmental crisis.
On the other hand, 2022 was a record-
breaking year, in a record-breaking decade, of
climate catastrophes. Interest in nature-based
solutions continued to rise - as did the
recognition that protecting and restoring blue
forest ecosystems (including mangroves,
seagrasses, salt marshes and kelp ecosystems)
is one such measure. Indeed, blue carbon has
become a buzzword in the climate sector -
hailed as a possible underused resource to help
us keep to the much-needed promise of 1.50C
warming above pre-industrial temperature
levels. In recognition of its importance, 2022
UN Climate Change Conference (COP 27) final
declaration included, for the first time, a
dedicated sub-section on the ocean. The text

“encourages Parties to consider, as
appropriate, ocean-based action in their
national climate goals and in the

implementation of these goals.”
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Yet blue forests can and do offer so much
more, including economic opportunities, food
security and support for biodiversity. In 2022
we saw academics, policymakers, and civil
society make a case for why these vulnerable
ecosystems are so valuable economically,
environmentally, and culturally. The vyear
culminated in the UN Convention on Biological
Diversity (COP 15), where a new global
biodiversity framework was agreed to. The first
draft of this text used the term ‘marine
ecosystems’; the final text explicitly recognises
coastal areas.

This paper presents a summary of the top ten
trends of 2022 as seen by the Norwegian Blue
Forest Network  (NBFN), with the
understanding that there are additional trends
ongoing as well. It focuses on global and
national trends seen from a Nordic
perspective. We hope that by highlighting
these trends, we can showcase areas of rising
interest, as well as gaps for future research
needs. We conclude by highlighting a selection
of areas to watch in 2023 and beyond.
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BLUE CARBON

Blue carbon ecosystems such as blue forests capture and store organic carbon within their biomass and sediment.
This carbon can remain sequestered for hundreds or even thousands of years, making blue forests a valuable asset
for climate mitigation. While interest in blue forests’ ability to sequester carbon continued to grow in 2022, there

are still many questions about their carbon-storing potential that need to be answered. Interest in blue forests
many other ecosystem services was similarly on the rise.

#1. Beyond blue carbon:
Increased acknowledgment
of the wider ecosystem
services blue forests
provide.

In 2022, new research emphasised the
connection between blue forests and the co-
benefits they provide, such as increasing
biodiversity, supporting fisheries through
spawning and nursery grounds for juvenile fish,
and filtering excess nutrients to improve water
quality." 2 ® * ® The Global Ecosystem services
Assessment from Kelp forests (GEAK) network
held its first workshop to comprehensively
assess economic valuations of kelp in terms of
fisheries and kelp harvest, as well as cultural
values, carbon storage, nutrient filtration and
biodiversity provision. The findings from this
workshop will be finalised in a scientific paper

Representative of the Gazi Women Boardwalk in Gazi Bay, Kenya. Rob Barnes, GRID-Arendal
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in 2023. Expanding on this theme, in March
the Norwegian Agency for Development
(Norad) co-hosted a seminar on blue forests
and poverty with NBFN,* touching upon topics
such as food security, gender equality and
livelihood generation. This event was followed
by the Norwegian Ministry of Foreign Affairs
and Norad’s first annual ocean conference’,
where blue forests were mentioned
throughout, not only for their carbon storage
capacity, but also in the context of fisheries
and poverty alleviation. The United Nations
Decade of Ocean Science for Sustainable
Development also launched the Global Ocean
Decade Programme for Blue Carbon that aims
to address Sustainable Development Goals
(SDGs) 13 (climate action) and 17 (partnerships
for the goals), alongside SDG 14 (life
underwater) through enhanced scientific
cooperation at all levels.?
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BLUE CARBON

#2. Blue carbon financing
is on the rise, despite an
opaque carbon market.

Over the past decade, blue carbon ecosystems
like mangroves, saltmarshes and seagrass
meadows have gained recognition as climate
mitigation allies for their ability to sequester
greenhouse gases up to 10 times more
efficiently than terrestrial forests.” * ' A
demand for nature-based solutions has grown
precipitously: the voluntary carbon market
reached nearly $2 billion this year, quadrupling
in market value from 2020.*? This includes the
voluntary market for blue carbon offsets,
where one carbon credit represents one tonne
of greenhouse gases that have been either
avoided or removed from the atmosphere by
coastal ecosystems. The few blue carbon
projects that exist typically involve investment
in ecosystem restoration where financial
returns are provided to the communities who
maintain these habitats.

Despite its great promise for ecosystem
conservation and restoration, this emerging
market is currently opaque and in need of
transparency and verifiable evidence of
community benefits to avoid reinforcing or
exacerbating social inequities.*® ** One example
is the Delta Blue Carbon, the world’s largest
blue carbon project to date. It aims to restore
350,000 hectares of mangroves in Sindh,
Pakistan, and sold its first allotment of carbon
credits on the market this year.”

Additionally, in September, the International
Monetary Fund’s Managing Director, Kristalina
Georgieva, advocated that small island
developing states should be able to repay their
debts in the form of carbon credits.*®

Barriers and recommended solutions for the blue carbon
market®”

As an example, Georgieva identified the
Bahamas due to the nation’s extreme climate
vulnerability®® and their immense carbon sinks,
including an estimated $300 million worth of
seagrass and mangrove carbon assets.” *°

“Nature-based solutions
aren’t a get-out-of-jail-free
card for doing the hard
work of decarbonising our
economies” - Dan Friess,
Centre for Nature-based
Climate Solutions at the
University of Singapore*

Despite much enthusiasm for carbon credits as
a nature-based solution, 2022 also saw
pushback to this trend. India joined the likes of
Papua New Guinea, Honduras, Indonesia and
others to ban the export of their carbon credits
on the international market? * Market
concerns include issues that terrestrial forestry
carbon projects have faced, such as double
counting and leakage®** which blue carbon
projects will also have to address.
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New research has also cast doubt on the cost-
effectiveness and accounting issues related to
coastal blue carbon ecosystem restoration for
secure carbon removal®®, as well as the
scalability of blue carbon projects that are not
well adapted to local ecosystem dynamics, nor
have buy-in from communities.>® ? A possible
way forward is to expand blue carbon projects
to better account for the many ecosystem
services of blue forests - a topic discussed in
trend one.

Mangroves in Indonesia. Steven Lutz, GRID-Arendal

#3. Is kelp a ‘silver bullet’ for
climate change? The debate
continues.

In 2022, we saw interesting debates within the
kelp research community about the efficiency
of wild kelp to store carbon, as well as the
ethics of sinking cultivated kelp for carbon
dioxide removal (CDR) purposes. An article
published in April by Gallagher et al.*® sparked
a heated debate throughout the kelp
community when the authors claimed seaweed
ecosystems - which include sea squirts,
shellfish and other phytoplankton-eating
feeders in addition to seaweed - may actually
release more carbon than they store.”” This
claim was quickly disputed by a group of kelp
experts, including some of Norwegian Blue
Forests Network’s own experts, who penned a
rebuttal article outlining potential flaws in
Gallagher et al’s conclusions which, they
argue, may distort the global picture and risk
further research motivations and initiatives to
protect and restore seaweed forests.*

Their primary concern was that the study
conflates very different seaweed ecosystems
from a limited data set, resulting in net
ecosystem production measures not being
representative. More research is needed to
fully understand the role of kelp and other
seaweeds in climate mitigation. To this end, a
number of academic articles on the ability kelp
to sequester and store carbon were published
in 20223 %%

Nature-based solutions like ocean CDR are
gaining attention, with specific focus on
seaweed cultivation and subsequent sinking to
the seafloor to sequester this carbon.** *°
However, the ecological impacts, as well as the
effectiveness of this process, are largely
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unknown.*® ¥ * |nitial research on the impacts
of sinking seaweed show major potential
negative side effects on marine ecosystems
and their biogeochemistry, both at upper levels
of the ocean where seaweed would be grown,
and at depth.*’ *° ** This includes a potential
reduction in phytoplankton production that
could impact fisheries and the wider food web,
the introduction of invasive species and spread
of disease, and a reduction in oxygen levels on
the seafloor that could lead to ocean
acidification from an increased nutrient load.
Ocean CDR strategies are not simple, and
should be backed by sound research to prevent
the development of practices with
guestionable benefits that may further harm
the environment they are initially intended to
protect.

“[T]he race to sink seaweed
in the ocean is outpacing
the rate of progress of the
essential science to assess
risks, surging past even
perfunctory evaluation of
the environmental impacts
and social benefits”

- Ricart et al.*?

Kelp forest off the coast of Lofoten, Norway. Janne K
Gitmark, NIVA
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Mangrove forests in the Gulf of Guayaquil, Ecuador. Jane Glavan, Distant Imagery 8
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MONITORING AND RESTORATION

In order to conserve and protect blue forest ecosystems and their services, we need to know where they are, what

their status is, and how they are threatened.

#4. The creation of better
maps and models - both
from the field and from afar.

Advances in satellite technology have meant
that it is possible to model and estimate soil
characterisation in mangrove forests as well as
to evaluate changes over time. New remote
sensing methodologies are being used to
better understand the capacity of mangroves
to store carbon.' > Newly discovered in 2022
was a unique type of mangrove in the Amazon
delta that thrives in a freshwater environment.®
* It is the first time that mangrove structures
have been documented on deltas or coastal
fringing mangroves with little to no salinity. It
is significant because it expands the area of
mapped mangroves in the Amazon delta by 20
per cent, and these mangroves will likely have
unique ecosystem functions and support
unigue animal and plant species. The authors
of the study on the mangrove further predict
that these forests may hold the largest global
carbon storage of coastal oceans, due to the
presence of well-developed trees in an
environment where they receive an abundance
of fresh water and suspended sediments from

the Amazon River plume. Such discoveries
highlight the importance of continuing to fund
on-the-ground field explorations of the world’s
natural habitats, as there are still many
discoveries to be made. Seagrass beds are
especially difficult to map, but Earth
observation data methodologies, drones and
machine learning are being established to
provide at least a first overview of areas as
diverse as the turbid Baltic Sea and the Great
Barrier reef* ¢’ ®

While these methodologies do not reduce the
need for fieldwork and ground truthing, it does
allow for the areas of interest to be identified
faster and at a higher resolution, thus reducing
the time and costs spent in the field, as
exemplified by the Norwegian-based SeaBee
infrastructure’ for drone-based mapping,
monitoring and scientific research. By using
drone images and ground-truth observations to
train a machine learning algorithm, researchers
will be able to create habitat maps faster, more
efficiently and more precisely than with more
traditional methods. Having accurate maps of
these ecosystems is vital for effective
management planning, such as developing
climate change mitigation plans, marine spatial
planning and coastal zone management plans.

Drone mapping of kelp forests off the coast of Vega, Norway. SeaBee 9
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#5. Efforts to restore blue
forests surge.

Two years into the United Nations Decade of
Ecosystem Restoration, there has been a
marked increase in projects focusing on blue
forests, with several large-scale restoration
projects beginning in 2022 including large-
scale seagrass restoration projects in New
Zealand, the United Kingdom of Great Britain
and Northern Ireland, and the Oslofjord in
Norway, and a large-scale mangrove
restoration project in Indonesia. *° ** ** ** While
some restoration projects continue to fail
despite best efforts, or are located in areas
where the threats cannot be reversed, many
ecosystems such as kelp and mangroves are
enjoying high levels of success as more and
more science-based methodologies such as
ecosystem-based management (EBM) are
utilised.* Kelp forest restoration projects can
now benefit from the Kelp Restoration
Guidebook: Lessons Learned from Kelp
Restoration Projects Around the World.*® This
guidebook shares and distills lessons learned
from kelp restoration efforts globally in an
effort to help create more successful
restoration projects. Additionally, with the
growing focus on sustainable blue economy,
there is the potential to better connect
seaweed cultivation and the restoration
industry in order to transform kelp forest
restoration into a commercial-scale enterprise
that can make a significant contribution to
global restoration efforts.*

Shoots of eelgrass off the Norwegian coastline. Janne K
Gitmark, NIVA
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NEW RESEARCH FRONTIERS

While the amount of knowledge on blue forests has grown exponentially over the past decade, there are still areas
that require new research to help us deal with our changing world.

#6. The importance of
ecosystem-based
management is increasingly
acknowledged yet
understudied.

Ecosystem-based management (EBM) s
becoming increasingly important as the focus
on blue growth rises. EBM is a holistic
approach that aims to ensure the cumulative
effects of human impacts on an ecosystem do
not exceed its critical limits. Yet the evidence
base on what works, what does not work, and
why, is limited. The first ever global synthesis
report on kelp forests, to be launched in 2023
by the UN Environment Programme and the
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certain areas. While the evidence base for
EBM is limited, governments are increasingly
drawing upon its principles. In 2021, the
Norwegian  Government put forth a
comprehensive action plan for a clean and rich
Oslo fjord with active outdoor life (“Helhetlig
tiltaksplan for en ren og rik Oslofjord med et
aktivt friluftsliv’). In 2022, the first status
update on the action plan was published.* The
Norwegian  Ministry of Climate and
Environment also approved water
management plans for 2022-2027. They are
more ambitious than previous plans, including
new waterways and increasing the
environmental targets for them. In addition,
the impact of farming has now been included
in water management plans for the first time.’
However, their focus on blue forests remains
limited.

#7. Microbiomes essential
for health and functioning
of blue forests.

The role of microbiomes in blue forests are of
growing interest to the scientific community.
The functions of these relationships are only
just being discovered, and could help explain
how marine grasses and kelp thrive in nutrient-
poor environments. Microbiomes play an
important role in regulating nutrient and
carbon cycles of terrestrial plants. For example,
while nitrogen is essential in plant growth,
most terrestrial plants cannot obtain nitrogen
from the air themselves. Rather, nitrogen-fixing
microorganisms hosted by plants do this job
for them. Kelp have been described as
“photosynthetic giants [that] host millions of
microbial taxa whose functions are relatively
unknown, despite their potential importance
for host-microbe interactions and nutrient

cycling in kelp forest ecosystems”.®

In 2022, exciting discoveries in this field
included genomic data, that suggests kelp-
associated bacteria can provide their host kelp
with vitamins’; imagery of dense microbial
biofilms on kelp blades indicating that the kelp
microbiomes could play a very important role
in coastal ecosystems®; and the discovery that
seagrasses rely on a new species of symbiotic
bacteria in their roots to fix nitrogen, just like
terrestrial plants.’ Ongoing  scientific
discoveries in the critical role microbiomes play
in host health and functioning will be essential
in the conservation and restoration of blue
forests ecosystems. Microbiomes may also play
a role in resilience and pest management, and
could be an important future management tool
for the seaweed cultivation industry. They can
be used as bioindicators to assess the health of
populations or cultivation sites, or be
manipulated to increase the adaptability of
cultivars to different environmental conditions.

Kelp forest off the coast of Lofoten, Norway.
Janne K Gitmark, NIVA 13
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Bull kelp gametophytes stored in lab to preserve genetic diversity. California Sea Grant

#8. Mapping genes in kelp
forests can help future-
proof species for climate
and industry.

High genetic diversity is essential for
populations to adapt to future environmental
changes, and is crucial in the conservation of
species. Mapping genes in kelp forests ensures
that ecotypes resistant to future climate
changes, or that are better able to deter
grazers, are identified and preserved. To
counter the rapid loss of populations, several
seed banks were created in 2022 to preserve
the genetic material of different species.”® **
Advances in this field will not only be beneficial
in ecosystem restoration when environmental
changes occur, but will help inform industrial
actors on which strains are best to cultivate. A
new study has examined the genetic structure
and gene flow in sugar kelp along the
Norwegian coast, where the species is of great
interest to seaweed

-

cultivators.” The study shows the need to take
into consideration what genetic material is
used in cultivation, to prevent the loss of
genetic diversity in wild populations. There are
still many gaps in the knowledge of gene flow
between populations, and intensive seaweed
cultivation in Asia has already led to problems
with invasive species and loss of native
ecotypes. For example, cultivars from the
intensely cultivated Saccharina japonica have
escaped farms and established  wild
populations. The release of reproductive
material that could cause gene flow into wild
populations is one of the biggest concerns in
developing the European seaweed cultivation
sector. Research is also still lacking on how
local adaptation of different populations to
certain environmental conditions occurs and is
maintained. Further research in this field will
ensure that European stakeholders can make
informed decisions as they strives to expand
the sector.
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INDUSTRY INVOLVEMENT

Healthy blue forests are vital for a sustainable blue economy. Harvested and cultivated blue forests are also a

growing industry in their own right.

#9. The European seaweed
industry is growing, but not
yet soaring.

Governments, businesses, investors, and
research institutes continue to bet on seaweed
as a “new” green industry in Europe.
Macroalgae has been mechanically harvested
for decades, but major upscaling requires
seaweed cultivation. It is predicted that
cultivated kelp production in Norway could
reach 20 million tonnes a year by 2050.? But in
2021, seven years after the first license to
cultivate kelp was issued, annual production
had only grown to 249 tonnes.® 2022 levels
have yet to be announced but are predicted to
be similarly modest. Building a large and
profitable industry will require major
improvements along the entire value chain,
from farming and processing to market
demand and regulation. One avenue being
explored is payment for ecosystem services.
The Seaweed Carbon Solutions joint industry
project, which started in April 2022, is testing
the feasibility of large-scale seaweed
production for long-term carbon capture - a
controversial approach® (see trend #3).
Meanwhile, the Norwegian Seaweed
Association is in the early stages of exploring
how to monetise seaweed’s contribution to
water quality. The sector is also increasingly
looking towards the open ocean for new farm
grounds and co-use opportunities with wind
farms.

Seaweed can be found in hundreds of
products, from medicines and cosmetics to ice
cream and sushi. The products that reduce the
climate and environmental footprint of our
food, fertiliser and fuel generally garner the
most political and public interest.

Seaweed-based bioplastic packaging from the 2022
Earthshot Prize winning firm Notpla. Notpla

At the fifth United Nations Environment
Assembly in March 2022, United Nations
Member States committed to developing a
legally binding plastic pollution agreement by
2024.° The agreement could further fuel
interest in seaweed as a bioplastic. Indeed, the
British seaweed bioplastics firm Notpla was
one of five winners of the 2022 Earthshot
Prize.®

Europe is in a unique position to develop its
seaweed cultivation industry alongside
research, taking into consideration the well-
documented mistakes that have been made in
other regions, as well as the fish aquaculture
industry at home. While the environmental
impact of seaweed cultivation at its current
levels in Europe is largely positive, there will be
a tipping point, with one of the biggest risks
being the potential spreading of species and
genes (see trend #8).
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#10. Seaweed will likely be
defined as seafood in
Norway.

In 2022, the Norwegian Ministry of Trade,
Industry and Fisheries initiated the process of
changing regulations to define macroalgae as
seafood,” with the objective to increase human
consumption of macroalgae both at home and
abroad. Establishment of an export fee for
seaweed and kelp ensures that the Norwegian
Seafood Council can include this within their
marketing portfolio, and give the industry
access to funding from the Norwegian Seafood
Research Fund. Both would be achieved by
levelling a tax on seaweed exports. This tax,
which would generate just less than 90,000
kroner with current levels of seaweed exports,
is quite small in comparison to the combined
income stream of the Norwegian Seafood
Council and Norwegian Seafood Research
Fund, which amounts to 821 million kroner.
Nevertheless, if levied, this tax amount will
increase as the industry grows. It would
support research and increased industrial
activity linked to seaweed, which in turn could
accelerate the growth of the sector.

Edible seaweed used in culinary practice. Seaweed Energy
Solutions AS
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AREAS TO WATCH IN 2023

The following topics continue to rise in prominence, and may be set to surge in importance over the coming year.

(N

wild

The visibility and value of saltmarshes

Around 50 per cent of the world’s saltmarshes
have disappeared. Many of those that remain
are severely degraded and have lost some of
their ecosystem functions. With the launch of
the NORDSalt project in 2021, the recognition
of this largely understudied ecosystem as both
a carbon sink and as providing climate and
coastal protection services to society is on the
rise.

Food and nutrient security: The potential role
of macroalgae

The world is increasingly looking to the ocean
as a source of food and nutrient security. As
highlighted in trends 9 and 10, there is a
growing European interest in macroalgae as
food. However, there are also concerns. To this
end, the European Union and the Codex
Alimentarius Commission are both expected to
issue better standards and guidelines for the
seaweed industry, and the European Food

A saltmarsh in Ytrlel Hvaler National Park, Norway. Hee Gudersen, NVA

undertake a
comprehensive risk assessment of unwanted
substances in macroalgae. These combined

Safety Authority will

efforts should result in better data and
guidelines on which kinds of seaweed are
optimal for consumption, what levels are safe
to eat, and what processing and cooking
methods are optimal. In 2022, the Food and
Agriculture Organization of the United Nations
and the World Health Organization published a
report synthesising available information on
food safety in seaweed.

The competition for space and the pressure
on coastal ecosystems

Even large coastlines are finite. With coastal
and offshore areas being used more and more,
including by wind farms, it will be interesting to
follow marine spatial planning processes. The
“race for space” is less intense in Norway than
in some other regions, but still poses a
challenge. We will be following Norway'’s
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forthcoming integrated ocean management
and business plans to see whether they will
have a greater focus on protecting coastal
ecosystems and supporting (and regulating) the
growing seaweed industry. As input for the
integrated ocean plan, the 2023 budget
(“tildelingsbrev”) for the Norwegian
Environment Agency includes a post to obtain
and compile data on the coastal zone.

Protecting blue carbon in Norway

The Norwegian Government is developing a
strategy for increased carbon capture through
natural carbon sinks in order to achieve carbon
neutrality by 2050. A number of Norwegian
Environment Agency-commissioned studies
were carried out in 2022 to determine whether
we have the evidence base needed to better
manage blue carbon ecosystems and possibly
include them in future carbon mitigation plans.
These studies include a synthesis report on
marine areas that are important for carbon
capture and a synthesis report on human
activities that disrupt carbon stored in the
ocean. The Norwegian Environment Agency is
also in the early stages of assessing the legal
changes required to make climate change a
marine protection objective

Eelgrass meadow. Eli Rinde, NIVA

Better marine protection

The new global biodiversity framework
commits members to, “Ensure and enable that
by 2030 at least 30 per cent of terrestrial, inland
water, and of coastal and marine areas, especially
areas of particular importance for biodiversity
and ecosystem functions and services, are
effectively conserved and managed through
ecologically representative, well-connected and
equitably governed systems of protected areas
and other effective area-based conservation
measures [...] while ensuring that any sustainable
use, where appropriate in such areas, is fully
consistent with conservation outcomes.”

A key debate in the run-up to the United
Nations Convention on Biological Diversity
was whether Norway’s marine protected areas
(MPAs) achieve conservation targets or
whether they are MPAs primarily in name only.
A 2021 governmental white paper announced
a plan to establish a pilot project in connection
with one or more marine national parks in
Skagerrak-Oslo fjord, in order to restore the
ecosystem and build knowledge on the effects
of such measures. The pilot is being developed
by the Directorate of Fisheries and the
Environment Agency. In 2022, the Institute of
Marine Research provided scientific advice on
the initial process. The government has set a
deadline of June 2024 for an independent
synthesis report on the effects of MPAs, as
well as a deadline of March 2023 to review
and analyse its international marine protection
reporting practices.
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