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1. Introduction

Background on mCDR & Blue Carbon Enhancement

Since net zero greenhouse gas emissions targets have become a keystone of climate policy, there has
been increasing debate about the need to actively remove carbon dioxide from the atmosphere in
addition to reducing emissions (Schenuit et al. 2022; IPCC 2022) to produce anthropogenic negative
emissions.

The ocean already plays a key role in regulating the global climate by absorbing a large proportion of
anthropogenic carbon dioxide emissions (Watson et al. 2020: Friedlingstrein et al. 2022). As the technical
and political challenges of the land-based carbon dioxide removal approaches are becoming more
apparent, the oceans seem to be becoming the new »blue« frontier for marine carbon dioxide removal
(mCDR) approaches (Boettcher et al. 2021; Boettcher et al. 2023).

One of the proposals being investigated in Germany and elsewhere for enhancing the carbon drawdown
and storage potential of the ocean is Blue Carbon Enhancement (BCE), which involves going beyond
restoration to expand coastal-zone biomass (such as mangroves forests and seagrass meadows) to
increase their carbon drawdown potential (see Figure 1).
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Figure 1: Blue carbon enhancement approaches © Rita Erven, CDRmare/GEOMAR.
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Workshop aims: Developing qualitative scenarios to explore BCE futures for Germany

The foresight workshop described in this report was carried as part of work on a BMBF-funded research
mission on marine CO:2 removal called: »CDRmare: Marine carbon sinks in decarbonisation pathways«.
The research mission investigates how the carbon drawdown and storage effect of the ocean may be
enhanced in the future. The objectives of the mission are: to explore and assess various marine
approaches to atmospheric CO: removal (mCDR) in terms of their potential and environmental,
economic, social and political impacts and risks in the context of responsible and sustainable use of the
ocean and; to provide information to policy makers and society on future opportunities and risks of
marine CO:z removal approaches and their governance.

One of the proven methods for exploring plausible futures is the development of qualitative future
scenarios. The development of such scenarios on the topic of BCE cannot be a purely academic
endeavour, but should involve decision-makers from the administration as well as other relevant actors
from science and civil society. A two-day foresight workshop was therefore held on May 12 & 13 2025,
to enable relevant actors to engage in an exploratory process to develop plausible future BCE scenarios
for Germany.

The workshop aimed to switch the mode of thinking about the future of BCE in Germany from
predictive to anticipatory: a reorientation from »navigating >what will be« to »thinking through
alternative >what ifs?« (Boettcher et al. 2016; Boettcher 2023). The workshop organisers aimed to
encourage the participants to engage experimentally with conceptions of the future derived from a
broad field of perspectives.

The event was designed to apply a participatory foresight method — namely, the construction of
qualitative scenarios — to enable structured thinking about complex systems and possible futures
containing many unknown unknowns. The workshop furthermore made use of exploratory scenarios,
which focus on the broader context of a topic in order to explore alternative future environments. These
lie in contrast to strategic policy planning scenarios, which are designed to plot alternative courses of
action and their consequences. Explorative scenarios trace the complex interactions of a broad range of
political, economic, technological, and social factors in a variety of hypothetical futures. They act as
hypothetical thought experiments that deal with alternative assumptions about a wide range of
developments in the future. Thus, they are context-dependent, subjective and no not predict probable
futures (Gabriel 2014).

Qualitative scenario development processes are designed to draw upon inputs from multiple
disciplinary perspectives, as well as alternative assumptions, expectations, and worldviews from
policymakers and stakeholders. As individual biases can lead to one-sided or linear-extrapolative
thinking, such scenarios are best constructed in a participatory process of group communication. A
methodologically sound process for participatory scenario construction promotes critical reflection of
the scenario development process and allows for intersubjectivity, contributing to shared meanings and
understandings and thus widening the range of plausibly imaginable futures. Participatory scenario
construction thus provides a platform for structured communication that facilitates inter- or

transdisciplinary thinking about possible futures (Gabriel 2014: 5 - 7).

The qualitative foresight process implemented at this workshop was conceptualised and facilitated by
Dr. Johannes Gabriel, Marcel Hadeed and Theresa Schiiltken from the organisational consultancy
Foresight Intelligence (FI) to provide a platform for structured communication about a range of

logically consistent and plausible futures. A consistent scenario is composed of logically coherent
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factor projections that, taken together, describe a future situation. A plausible scenario also provides a
credible and comprehensive illustrative trajectory that leads to a consistent future situation,
exemplifying the changes necessary to end up in a certain future situation. A qualitative scenario
therefore is not only a picture of the future, but it also includes a rich >history« of the future —a pathway
which describes how to get to that imagined future (Gabriel 2014: 3).

The workshop planning team set two broad guiding conditions for the participants. The first was the
scope of the BCE futures being discussed, which was set to focus on the German context, but taking the
wider EU climate policy landscape into account. This choice was made as German climate policymaking
is highly embedded in and dependent on EU climate policymaking (Knodt et al. 2020)'. Secondly, the
timeframe for the scenarios was set to the year 2040. This choice was made based on the current
expected timelines for German and wider EU climate policy, which stipulate that Germany should reach
net-zero greenhouse gas emissions by 2045 and net negative emissions in 2050 (Presse- und
Informationsamt der Bundesregierung 2023). Therefore, the assumption put forward by the organisers
was that key decision-making processes on the potential role of BCE in climate policy would be initiated
before 2040. Thirdly, the link to the international context was made explicit at the beginning of the
workshop, as a lot of the global blue carbon enhancement potential is envisaged as being outside
Germany, and discussions therefore often center around the feasibility and desirability of Germany to

funding or participating in blue carbon activities in other countries.

The workshop planning team also made choices about the types of participants to invite to the
workshop. Such choices have a significant effect on the workshop outputs, given that — as described
above — participatory scenario development processes are designed to draw upon the various
knowledge types, perspectives, assumptions, expectations, and worldviews of those involved. The
outputs of such processes can thus only be as diverse as the range of voices in the room. The workshop
organisers aimed to invite a range of participants from relevant regulatory bodies, as well as

representatives from academia and civil society?.

The following sections outline the participatory scenario development process (section 2), provide
detailed descriptions of the resulting scenarios (section 3), and detail comparative reflections on all
scenarios developed (section 4).

1 Despite this focus on the German/EU context, linking to the wider context of global emissions scenarios and
international climate targets was unavoidable. The group was encouraged to also consider future external
influences on EU and German climate policy ambitions.

2 See Annex for the anonymized list of participants. Despite the organizers’ best efforts, civil society was under-
represented at the workshop. See section 4 for a reflection on how this may have influenced the scenario
development process.
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2. Participatory scenario development process

Exploring the broader context

The first step of the scenario development process was initiated before the workshop began. The
participants were first sent an >environment scanning« survey. This asked them to identify a broad range
of political, economic, social, technological, environmental, and other factors that could shape BCE
policy development in the next 20-odd years. (See annex »FL BCE 2040« for full list of factors listed by
participants). The resulting collection of factors was then clustered into sets of factors for the next step
of the process (see annex for a map of all factors and how they were clustered).

Narrowing down to key uncertainties

Following an expansive first compilation of factors, a second survey was circulated in which the
participants conducted an uncertainty-impact analysis to reduce complexity and select »key
uncertainties«. This process is designed to identify factors that (in the participants’ collective estimation)
have a very high potential impact on the future of mCDR, and whose plausible future outcomes have
a wide range or spread, meaning their outcomes are very uncertain. Using an online assessment tool
designed by FI, the participants were asked to rate the uncertainty and impact of each of the clustered
30 sets of factors gathered during the environment scanning survey. When they met in person on the
first day of the workshop, the group was then presented with the consolidated results of their joint
ranking, and following several rounds of discussions, agreed upon six highly ranked >key

uncertainties« to continue to work with (See annex for the ranking of all the factors).

No. Title & Description

Climate change impacts: Extent of climate change related long-term trends and extreme events

KUt on blue carbon ecosystems on local to global levels

Economic Incentives for BCE: The development and accessibility of global and local markets for

Ku2
climate and nature policies incentivizing investments into blue carbon enhancement.

KU3 Political will in Germany for mitigation: The extent to which the German government supports
Net-Zero and temperature targets

KU 4 Land and ocean use priority (conflicts?): The priority given to use the of a given area for BCE
(and related conflicts between actors)

KUS MRYV: (What capacities exist globally?): Capacity of MRV for carbon fate/fluxes, environmental,
ecological and societal impacts of BCE

KUG Scale of policies and legal system governing BCE: Development of the legal system governing

BCE which consists of international, national and subnational laws and policies that regulate the
conservation, restoration and use of coastal carbon ecosystems (such as mangroves, seagrasses
and salt marshes), including their integration into climate, biodiversity and carbon market
frameworks. The term »scale« can refer to the geographical scope as well as to the level of
bindingness/ enforceability of laws and policies.

Table 1: Key uncertainties

Creating projections for key uncertainties

In small breakout groups, participants then developed at least four distinct outcomes for each key
uncertainty in 2040 — a set of »projections« intended to cover the full spectrum of alternative plausible
future states of a given key uncertainty. For this activity, the participants were asked to focus on each
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key uncertainty in isolation from all other factors and try to imagine (at least) four possible outcomes of

that factor in 2040 that were mutually exclusive, comprehensively exhaustive (MECE). Rather than

thinking about likely future states of their factor, the groups were asked to come up with a wide range

of plausible future states of their respective factor and reminded that a plausible future state is not to be

confused with a probable future state. Each group was asked to present its factor projections to the

plenary, where they were then discussed, and in some cases adjusted within the larger group. The

resulting sets of factor projections are outlined in the table below.

No. Title& Projection A Projection B Projection C Projection D Projection E
description
Climate BCEs not BCEs resilient ~ BCEs resilient to BCEs not BCEs
KU1 change resilient to to increasing increasing SLR and  resilient to benefit from
impacts impacts from SLR and temperature increasing SLR the impact
increasing SLR  temperature increases, but and of
and increases, but extreme events temperature increasing
temperature extreme events negatively impact increases and SLR and
increases but negatively BCEs on a global BCE are temperature
regional impact BCEs level affected increases
differences can  only negatively on a
be observed regionally global level
Ssps Stagnation of Collapse of Countries have Integration of
Ku2 ;\rfsesmblllty ma?kets and natiorl::al and diversified national natignal
Availability financing international carbon and/or markets and
of Economic (Status-Quo is markets and biodiversity /resilien financing
Incentives preserved) other ways of ce markets and mechanisms
for BCE financing blue  financing into a
carbon mechanisms that are functioning and
enhancement  fragmented and effective
different across European
countries. and/or
international
market.
e . Drill Let's adapt Net-zero on the On the final Will to get
KU3 frflét;;:f; :11;1 Deutschland (and mitil:;fate brink / stretch to net- to net- &
to continue Drill some) »Kuddelmuddel« Zero negative
mitigation
efforts
Land and BCE highest BCE high BCE low priority, BCE no priority,
Ku4 ocean use priority, priority, non- non-exclusive exclusive other
priority exclusive exclusive uses
(conflicts?)
MRV: (What Carbon MRV not in Activity / social and Comprehensive,
KUS capacities Goggles place; Neither  ecological outcomes  Societal,
exist Monopoly: Carbon nor based MRV. Other Scientifical
globally?) Absence of Other but no Carbon MRYV in place.
comprehensive (Carbon +
MRYV. Carbon Other)
yes, Other no
Scale of Global policies  Global policies =~ No global policies No global
KU6 policies and and legal and legal and legal systems; policies and
legal system ~ Systems systems Germany has legal systems;
governing governing race  governing;no  policies supporting ~ Germany has
BCE to net negative; change for no policies to
BCE supported BCE pursue BCE

Table 2: Factor projections
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Creating scenario frameworks

Participants then created a set of four scenario frameworks. Each scenario framework included one
projection from each of the key uncertainties. Even with only four to five projections for each key
uncertainty, there were a huge range of possible scenario frameworks. However, not all of them are
conceptually consistent; certain projections could be mutually antagonistic. Consequently, the aim was
to identify logically consistent scenario frameworks. Given the relatively small size of the group and
the number of projections involved, this was done via group discussion in plenary. To begin
constructing each scenario framework, one participant was selected to pick a projection to start from in
the above factor projection table. The moderator then went around the room allowing others to
volunteer to pick the subsequent projections from different factors in turn, always having to explain
why and how their choice was consistent with the previously selected factor projections. If others in
group disagreed with the consistency of the selected factor projection with those previously included
in the framework, they were given the chance to suggest an alternative. However, if the participant who
had originally selected the factor was not convinced by these arguments, s*he was free to stick with the
original choice — provided s*he could justify the decision. Only one projection per factor was allowed to
be used in each scenario framework. Once a factor projection had been used in one scenario framework,
it could not be reused in another framework. Each participant was only allowed to pick one projection
per scenario framework. Thus, each raw scenario framework was developed as part of a participatory
and communitive process. The factor projections that were grouped together to form the resulting four
raw scenario frameworks (yellow, red, green and blue) are colour coded in the table below.

No. Title & Projection A Projection B Projection C Projection D Projection E
description
Climate BCEs not
KU1  change resilient to
impacts increasing SLR
and
temperature
increases and
BCE are
affected
negatively on a
global level
Accessibility
KU2 and
Availability of
Economic
Incentives for
BCE
Political will On the final
KU3  in Germany to stretch to net-
continue zero
mitigation
efforts
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Land and
KU4  ocean use

priority

(conflicts?)

MRV: (What
KUS5  capacities exist
globally?)

Scale of

KU6  policies and
legal system
governing
BCE

Table 3: Scenario frameworks

Creating pictures and histories of the future

In breakout groups, the participants then fleshed out these scenario frameworks. They first described a
coherent descriptive »picture« of the future, based on the projections in their respective scenario
frameworks. They then created a corresponding narrative »history«, or trajectory that could plausibly
lead to the situations they describe. They did this by conducting a backcasting exercise, creating
timelines of key events that led to their described pictures of the future. They additionally developed a
>theory« of each of their futures, mapping the core dynamics and underlying structures driving change
in each scenario, and narrative graphs that show the phases and turning points of the scenarios. The
result of such a process was thus set of qualitative scenarios that not only provided a range of detailed
pictures of the future, but also included a rich >history« of each future — a pathway which describes the
key technological, economic, political and social changes that would have to happen between today and
that imagined future. In a final step, the participants were asked to reflect upon which aspects of each
scenario they as a group considered to be (in)feasible or (un)desirable.

Reporting back and group feedback

In plenary, each group was then asked to present their coherent descriptive »picture« of the future and
the corresponding narrative »history«, or timeline of events that could plausibly lead to the situations
they describe. In addition to asking questions to better understand the future worlds presented, the
audience was invited to provide feedback based on two questions; (1) What would you like to hear more
about? (2) How could this scenario be made more plausible?
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3. Scenario descriptions

The following section contains details of the three scenarios developed at the workshop. The material
presented for each scenario includes: (1) the scenario frameworks each breakout group used, (2) the
timelines and tables they used to explain their imagined pathway from today to that plausible future,
(4) the >theory of the future« maps showing the core dynamics/underlying structures of each scenario,
narrative graphs that show the phases and turning points of the scenarios, (6) the narrative scenario
texts themselves.3, (7) an overview of the BCE activity taking place in each of the imagined futures, and
the tables showing which aspects of each scenario the respective group considered to be (in)feasible or
(un)desirable.

Yellow Scenario: The Carbon Kuddelmuddel

No. Title Projection

Climate change impacts BCEs resilient to increasing SLR and temperature increases, but extreme

il events negatively impact BCEs only regionally

Accessibility and

Ku2 Availability of Economic Stagnation of markets and financing (Status-Quo is preserved)
Incentives for BCE
Political will in Germany to Net-zero on the brink / »Kuddelmuddel

KU3 continue mitigation efforts ct-zero o € riuddeimuddel«
Land and ocean use .. .

KU4 e R ) BCE low priority, non-exclusive

KUS MRV: (What capacities Carbon Goggles Monopoly: Absence of comprehensive MRV. Carbon
exist globally?) yes, Other no
Scale of policies and legal .. .

KU6 Global policies and legal systems governing; no change for BCE

system governing BCE

3 The narrative scenario description texts included here are based on the material developed during the workshop,
incorporate suggestions raised during the plenary feedback round, and were shared with the original group
members for feedback prior to publication in this report, but were compiled by the report author(s). The scenario
descriptions presented here thus represent the author(s)’ summary of and reflection on the workshop discussions
and does not necessarily reflect the views of all participants.

10
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Theory of the future

(What drives/causes this scenario? What makes this scenario happen? What are the core
dynamics/underlying structures of this scenario? What create the interconnection between the
events in your scenario?)

Ongoing climate
change
(warming, SLR,
extreme events)

Environmental Swings in
degradation, political
habitat loss, directions &
biodiversity loss governments

BCE low priority, Political Competing Net Zero-
non-exclusive instability & political solutions Kuddelmuddel
climate
migration

Success of Competing

technical interests of

mMCDR solutions environment and
economy

Red = international developments

11
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(What happened before? What are formative events? What are preconditions?)
Chain of repeating El Nino and La Nina events

Technical mMCDR Fish stock is Political national
(OAE/injections — decreasing litical i —
T industrial scale drastically Polticalintarations
is (I?wraerdl tf) trraac(&e( ?eesct’gra‘?emhef n:g) ;:iue ia gabitat environmental
and account for, gyccess - nogside :\/S:r?ir;hing societal
no proper MRV gffects observed.
beyond C Green light and Germany is
S funds from the being warned by
environmental  45vernment for UN for not being
and ethical expansion on track to -
Issues SDG(14) and CBD Paris Agree-
EU-NDC Article e NDC
6 is being Government, elnlolele)
= ; Convention:
specifically community, High S
adopted for private investors - i
BCE globally and local actors Dumping Act
reach an s_?seE’g;a“y:

: Migration inland of coastal agreement on :
RBe(s:tEO(atlccz)n ef'fort.s populations, due to land sea use and rele\;ant for
é; ) in grmany:c degradation and resource further conflicts BCE?

Stnany 0oes o scarcity are prevented BBNJ (bio-
meet goals of diversity):
corresponding EU International climate aas relevant for
missions and migration brings 9 BCE? »

amounts of
frameworks refugees to Germany co CBD more
= e relevant UN
Raise in local EU-NDC (2035 & conventions
population for adoption of 2025 dger": d':gsn and

Biodiversity coastal goals) abandon 9 agreements,

and socio- 'Secunty a_fter previous goals e.g., SDG
environmental [FHSIESSETH and aim for

justice are heat waves, net-zero by 2060 Biodiversity loss 27

being atsg:iz‘:zggsdb only; leads to major

neglected in  BUITICELES oY EU-NDC Article 6 issues for crop

the net zero coidie is specifically production -

race (globally being adopted for subsidies

In Germany  tropics) ' fiptamclzqial. sulpport g(r)éléré?:;r:

and across Of == unNcH

the world, Federal states solutions globally STt

BCE are being receive funds :

3 technical food

degraded for expanding production

locally by and

extreme strengthening :ZWI:::(?E watural

events coastal Huge success fogd sou?'ces

protection with technical
infrastructure mMCDR - major
- green dike contributor Hottest International
are the new to Net Zero 3{(‘:3;(')? 2 concern on
“green” targets UNESCO and
c i solution hottest local NGOs
gg\?zrer:\r/r?elr\wlte (Germany) %’zesgsa‘:‘s)r raises new
political
of Germany — ; =
Conservative Social-green Social-liberal instability
Hottest government  coalition government : S
yearof the of Germany breaks: is replaced Liberal-
last 15 isreplaced  social-liberal (elections) Soicefvaie
years: heat (elections) by government by liberal- government
waves and social-green  takes over conservative is being
droughts  government government re-elected

12
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Scenario Description: The Carbon Kuddelmuddel

In 2040, Germany’s coastal areas are experiencing significant losses of blue carbon ecosystems (BCE).
Recurring extreme weather events have devastated large swaths of marine and coastal life, including
70 percent of the Wadden Sea’s salt marshes and virtually all seagrass meadows in the Baltic Sea.
Germany’s political leadership is resigned to not pursuing restoration efforts, as potential co-benefits
remain absent from political debates and the efficacy of BCE restoration or enhancement for carbon
removal remains unconvincing. Instead, coastal land is fortified with gray infrastructure and used for
other purposes, such as aqua- and agriculture and tourism.

The relative political neglect of BCE is caused by an exclusive political focus on carbon (to the detriment
of biodiversity) and the successful implementation of large-scale technical marine carbon removal
solutions, such as geological storage and ocean alkalinity enhancement. Thus, while Germany is on
track to achieve net-zero by the year 2060, other targets, including on biodiversity, are markedly off
track. This future state is precipitated by 14 years of political swings and concomitant reversals in
climate policy in the context of ever-rising global temperatures and increasingly volatile weather events,
as El Nifio and La Nifa phenomena become annual occurrences.

In the latter half of the 2020s, the German government pays little attention to questions of biodiversity
and socio-environmental justice. Being primarily concerned with restarting the country’s economic
engine, BCE are far down the list of priorities. One example is the failure to establish comprehensive
Measurement, Reporting and Verification (MRV) frameworks that include any metrics apart from
carbon capture. By 2027, progress on achieving the targets of the EU’s Biodiversity Strategy 2030 has
stalled and successful implementation of the EU’s missions and frameworks appears increasingly
unattainable. Instead, the German government promotes technical carbon removal solutions, both on
land and in the sea, by facilitating and funding a range of field experiments.

At the same time, BCE in Germany and across the globe experience accelerated degradation, caused by
increasingly frequent extreme weather events. The year 2028 is the hottest year on record for the fifth
year in a row. It is accompanied by heat waves and droughts, increasing the political salience of climate
change once again.

The federal elections in 2029 bring a new coalition into power. Heat and drought have made climate
change, adaptation and mitigation salient concerns for German voters, boosting the electoral outcome
for the Green party. Promising renewed and meaningful efforts to combat climate change on all fronts,
the Greens accept the role of junior partner in an SPD-led coalition.

Among the first legislative packages of the new government is a funding package for coastal states to
expand and strengthen coastal protection infrastructure, such as dikes, breakwaters and seawalls.
Within the EU, Germany is one of the countries advocating for the use of Article 6 carbon credit trading
under the Paris Agreement. By 2030, Article 6 trading is being used for international BCE projects,
paving the way for increased international removals trading to help bring the EU NDC back on track.
In 2031, Germany’s mitigation trajectory suddenly improves significantly, as field tests for technical
carbon removal, including through ocean alkalinity enhancement and sub-seabed geological storage,
are successful. Research teams report no observed side effects. Terrestrial carbon removal tests register
similar results, paving the way for large-scale implementation and public funding. Despite this success,
2031 proves a fatal year for the government coalition. As heat and drought continue unabated, they
destroy livelihoods across the globe, leading to mounting migratory pressures. More and more people
are forced to leave their homes and seek asylum elsewhere. In Germany, as in other EU countries,

13
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inflows of people surge. Faced with this crisis, and promoting vastly different ideas for managing it, the
Greens quit the coalition. After careful deliberations, the SPD-chancellor calls for a vote of confidence —
and loses.

New federal elections follow swiftly, allowing the SPD to retain its electoral lead and propelling a new
coalition partner into consideration: the liberal FDP. The new coalition — so its constituent parties
promise — will apply technological solutions wherever possible to fight climate change. The new
government struggles to limit migration flows and in 2032 is faced with another wave of displacement.
This time, residents of Germany’s coastal regions move inland, as land degradation destroys their local
livelihoods. While in crisis management mode, the new government still manages to realign Germany’s
climate ambition. As such, it abandons previous NDC-targets and sets the new timeline for net-zero to
2060. To achieve the new targets, the government doubles down on technical solutions by supporting
the increased use of Article 6 of the Paris Agreement to support of technical carbon removal solutions
globally.

The year 2034 appears to vindicate the new government’s approach, as technical mCDR solutions (such
as OAE) become major contributors to Germany’s net-zero progress. However, looking beyond carbon
reveals a much murkier picture of Germany’s climate achievements. Habitat and biodiversity loss and
overfishing continue unabated, leading to a drastic reduction in fish stocks in 2035. The UN sends a
stark warning to the German government: without drastic course correction, Germany will not achieve
the targets pertaining to SDG14 (Conservation and sustainably use the oceans, seas and marine
resources for sustainable development) and the Convention on Biodiversity. The warning resonates
little with the German public, despite the internal displacement of coastal communities making the issue
very visible. With carbon questions seemingly solved by technology, the election campaign leading up
to the federal elections in 2035 centers around migration and economic growth.

After six years of opposition, the conservative CDU manages to garner most votes and claims the
chancellery. It finds a willing coalition partner in the FDP, as both parties share fundamental views on
economic growth and deregulation. The coalition agreement states explicitly the desire to reach an
agreement on marine policy use that enables economic use, while taking into account the needs of local
actors and communities. An agreement of the use of the seas is reached through a deliberative process
in 2036 — its success prevents further conflicts between the remaining local coastal communities and
private investors pursuing business opportunities in coastal waters. The question of biodiversity is
again side-lined in these discussions. This neglect comes with unaccounted-for carbon costs for
Germany, as BCE deteriorate rapidly, releasing enormous amounts of carbon dioxide into the
atmosphere. The year 2037 is — for the fourteenth year in a row — the hottest year on record. Varied land
and sea use in coastal areas puts additional pressure on BCE. On land, too, biodiversity loss continues
unabated, leading to a major drop in crop production during the harvesting season in 2038. The
government, long complacent, intervenes by issuing subsidies for pollinator breeding programs and
later, in 2039, for technical food production. The path towards the future put forward by the government
foresees the replacement of natural food sources with technical food production, thereby alleviating the
economic pressure for biodiversity conservation. Voters put their trust into this path, re-electing the
government for the first time in more than two decades.

14
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Overview of BCE activity taking place in 2040 in the yellow scenario

Type of activity

Re-naturalisation (re-establishment) of blue carbon ecosystems in areas
with low conflicts with other uses

Time frame/duration/rate

5 years

Implementation
location/jurisdiction

German Wadden Sea

Substance/matter being introduced
(origin, form, amount. persistence
etc.)

Saltmarsh species

Implementation scale (at
introduction)

Local (100 ha)

Actors implementing

Nature protection agency, National Park administration (NLWKN),
municipality

Funding

State funding

Delivery tech/infrastructure
involved

Construction machines, bagger

MRV tech/infrastructure involved

Remote sensing, field sampling/vegetation mapping

Removal potential/duration

1500 t COzper year

Costs (»best guess«) (including
planning, implementation, MRV)

700 € per t CO2

Anticipated ecological
/environmental impacts (positive &
negative)

Positive: Ecosystem integrity; Increase in biodiversity and habitat quality and
availability (plants, animals, e.g. birds)

Negative: invasive, destroying existing system in favor of new ecosystem

Anticipated effects on other ocean
uses in the area (fisheries, shipping,
leisure etc.)

Positive: nature-/eco-tourism; leisure (aesthetics)

Negative: coastal protection from storm surges (compared to dikes), not
available for grazing, decreased drainage

Affected stakeholders

Coastal protection agencies, Nature protection agencies and NGOs, National
Park administration, Agricultural sector (grazing), Tourism, Locals

Regulatory landscape — jurisdictional
responsibility, decision-making
authority, permitting & monitoring
processes, consultation
requirements

State, Municipality, National Park administration, Coastal protection agency

Social context conditions such as
economic and social vulnerabilities,
economic structure, past
experiences, environmental
damage, and socio-cultural
relevance of the marine
environment

Cultural attachment to dikes, precautionary principle, legal regulations for
invasive activities are strict, safety/coastal protection are priorities
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Consultation/engagement/participa
tion activities undertaken

Environmental NGO, local communities and businesses

Public perception of activity

Broad acceptance, no conflicts at this small spatial scale

Political contention about the
activity

Possibly at larger scales which, however, are unlikely to be aimed at in our
scenario

Red Scenario: Adaptation First

No. Title

Projection

Climate change
KU1

BCEs resilient to increasing SLR and temperature increases, but extreme

impacts events negatively impact BCEs on a global level
KU2 ACC?SS'I?'_I ityand Countries have diversified national carbon and/or biodiversity/resilience
Availability of . . . .
. . markets and financing mechanisms that are fragmented and different across
Economic Incentives .
for BCE countries.
B Political will in
Germany to continue  Let's adapt (and mitigate some)
mitigation efforts
Land and ocean use . .. .
Ku4 T BCE high priority, non-exclusive
s MRV: (What
capacities exist Activity / social and ecological outcomes based MRV. Other but no Carbon
globally?)
Scale of policies and
KU6

legal system
governing BCE

No global policies and legal systems; Germany has policies supporting BCE
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Theory of the future

(What drives/causes this scenario? What makes this scenario happen?
What are the core dynamics/underlying structures of this scenario?
What create the interconnection between the events in your scenario?)

Influencers
supporting

Public calls for
adaptation

Frequency of
extreme events

Global climate
governance
collapsing

Dismantling of
right wing parties

Green and social
parties gain
popularity and
conservative
parties adapt
their
programmes

EU Governments
shift their policies
from mitigation
to adaptation,
also focusing
more on national
needs rather than
international
targets

EU call for EBA
(ecosystem-based
adaptation)
actions (including
new value chains)
towards coastal
resilience and
related MRV
frameworks.

EU redirect its
CAP into EBA
policies including
financing
incentives, with a
focus on
BCE-based
actions.

A
ASMASYS

The development
of green
(BCE-based) -
grey infra-
structures is
experiencing a
boom.

Germany with a
strong focus on
and finance for
adaptation
measures in
BCEs
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History of the future
(What happened before? What are formative events? What are preconditions?)
Influencer Taylor Swift
linked severe droughts in 2035: The
2029 -32 to climate change development
which led to popularity of of green-grey
the green party in Germany  infrastructur
2023 {enging): :)s( Iseriencin
The private = k?oom 9
sector explores .
SRl 2034: the EU redirect
EREOnS o its CAP into EBA
develop new policies, including
products from finance incentives. UN
BCE. climate convention is
i over; the EU also put
2028: The EU mitigation in the back 2039:
launched a call Ll s Heatwave
for EBA leading to
(ecosystem-bas 5435, No OECD loss of 11 %
ed adaptation) country head of Baltic
actions appeared to the seagrass
(mcIudmg new COP40 in meadows.
value chains) Shanghai which
towards coastal led to the COP 2036: German Law
resilience and becoming established 2040:
related MRV insignificant putting all coastal Germany has
frameworks. habitats under the E(;J
i residency.
sopsEutighe | [STes Do P
wing represen- massive

Hécke (AfD) called €vents within

150.000 deathsin 14 months X :

Europe due to a led to loss of gglg;(ﬁ;d;/zgces =
2027: heatwave as - technology allows
“America  ‘hatural selection” SRREhes: for innovggve
First” and a “economic measures of
Movement 9ain for society” human
made USA leading to an well-being and
getofall  EU-wide decrease ecosystem health,
UN bodies. g‘o';%r;r;’:;lng supporting MRV.

Red Scenario Description: Adaptation First

In 2040, German strategies to confront and cope with climate change are quite different from the mid-
2020s. In this future, adaptation has replaced mitigation as the primary policy goal. In May, the
Chancellor is on tour in northern Germany. He visits the »reopening ceremony« of the municipality of
Tiimlauer-Koog, around 60 kilometers south of its historic location. The relocation effort, which took
about 16 months of planning and implementation, is emblematic of this new German focus on
adaptation. The village was moved to make space for the construction of new dykes and the restoration
of saltmarshes along the coastline. It represents a success-story, which the Chancellor plans on using to
convince his European counterparts to endorse a new funding program that he is about to propose at a
European summit on Sylt. The German government has prepared a plan to invest significant financial
resources for projects increasing nature-based coastal resilience. The funding instrument is to be
accompanied by an MRV-system focusing on sustainable use of ecosystem services. The relocation of
Tiimlauer-Koog is one practical example of the ongoing (re-)establishment efforts of coastal habitats
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relevant to adaptation. These habitats have been protected by law since 2036 and only open to
sustainable use. Despite stringent requirements, local communities and economic actors benefit from
rehabilitated coastal ecosystems: Seagrass, algae and saltmarshes provide a wide range of new products
— from cosmetics to insulation materials. Despite the ramp up of green and gray measures to combat the
loss of blue carbon ecosystems, these ecosystems are under tremendous pressure from rising
atmospheric and ocean temperatures and ever more ferocious extreme weather events. The path leading
up to this future was paved by a shift from global to local action and from mitigation to adaptation.

The end of global governance

In December 2026, the US government announced its intention to leave all UN bodies except the Security
Council. Referencing its » America First«-policy, the administration argues that its participation in these
»talking shops«is not yielding satisfactory results and therefore considers it a »waste of resources«. The
announcement reverberates globally, fuelling debates on the »death of global governance«. In Europe,
this fuels an ongoing shift in global governance strategies more generally, and to those to combat climate
change specifically. Discussions have two components. First, it is questioned whether mitigation should
remain the primary focus of efforts, or whether time has come to prioritize adaptation. Secondly,
criticism of international commitments is growing louder, with critics calling for more focus on national
priorities and needs. As a result of these discussions, the EU launches a call for EBA (ecosystem-based
adaptation) actions, including exploring new value chains, with a focus on climate and coastal
resilience.

Shifting political, social and economic perspectives on climate change

In the summer of 2029, Europe is hit with a series of strong heat waves. Few regions are spared, as one
temperature record follows another. By the time the extreme heat abates, national health authorities
across the EU estimate more than 150.000 deaths caused by the temperature spikes. This tragedy propels
the political salience of climate change and prompts a political shift towards green parties. It is
supported by a series of interventions. First, a wave of celebrities and influencers — including Taylor
Swift — start emphatically endorsing radical action to confront the effects of climate change. Secondly,
the co-presidents of right-wing political groups in the European Parliament, Bjorn Hocke, Stanistaw
Tyszka and Mieke Andriese are recorded laughing about the heat-related deaths, privately joking about
them as »natural selection«. The recording goes viral and causes an immediate drop in popularity of
right-wing populist parties among voters. Thirdly, in 2030, a host of global businesses launch new
strategic (and marketing) campaigns to systematically explore the sustainable sourcing of >nature-
based« products from marine ecosystems. For example, Isover explores the possibility of Kelp insulation
for buildings; I'Oreal launches its »seagrass«-line for facial creams. These interventions together create
powerful and reinforcing societal, political and economic rationales for blue carbon ecosystem
restoration and enhancement. While these forces give hope to blue carbon protection communities, the
years 2032 and 2033 prove devastating for Germany’s coastal ecosystems. Three massive storm surges
hit the German coast within a 14-month timeframe, destroying more than 12 percent of saltmarshes,
highlighting again that intent to protect blue carbon ecosystems is not enough — urgent adaptation
action is needed.

A new, national and regional paradigm solidifies

The absence of OECD countries at the UNFCCC COP40 negotiations in Shanghai in 2032 show that the
West has given up on global climate cooperation. At the same time, the catastrophes of 2029 and 2032/33
give new impetus to the EU’s drive towards adaptation. In 2034, negotiations on the EU’s Multiannual
Financial Framework for 2035-2041 foreshadow a significant redirection of the Union’s Common
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Agricultural Policy budget towards Ecosystem-Based-Adaptation (EBA) policies. These are to be
dramatically scaled up through co-financing and subsidies. Lead negotiators are quoted anonymously
as saying »the time for mitigation has passed, adaptation is what is needed today. And adaptation starts
at home.«

The EU’s redirection of funds proves successful quickly, as green-gray infrastructure projects
proliferate, starting in 2035. In Germany’s coastal regions, new breakwaters and dykes are constructed,
remodelled and enhanced to support the restoration of seagrass meadows and saltmarshes. The
following year, the German government goes one step further by putting all its coastal habitats under
protection. Accompanying the legislative package is the commission of studies on the co-flourishing of
human and ecosystem wellbeing, which is to be investigated in the designated areas. This decision has
a twofold effect: on one hand, it supports the restoration of BCEs by excluding other, harmful uses of
these coastal areas. On the other hand, it encourages the type of economic activity that companies
started exploring in the early 2030: the sustainable sourcing of resources for new and eco-friendly
products. This confluence of effects helps mitigate conflicts among local communities, as it brings in
jobs and growth.

By 2037, advances in science and technology have significantly improved MRV-capabilities and allowed
innovative measures which support both human wellbeing and ecosystem health to proliferate.
Henceforth, these two aspects can be easily quantified, tracked and studied, boosting our understanding
of the interlinkages between them. While the turn of the decade sees an EU that is steadfast on its road
towards adaptation with a focus on its own territory, its marine habitats are still susceptible to the effects
of climate change. As the year 2039 brings another heatwave onto the continent, 11 percent of Baltic
seagrass meadows are lost, emphasizing that — despite their overall resilience — coastal ecosystems are
still being negatively affected by extreme weather events, making adaptation efforts all the more
important.

Overview of BCE activity taking place in 2040 in the red scenario

Type of activity (Re-)establishment of salt marshes (and seagrass + kelp) in Germany

Negotiation/Permittance (3years) + Physical work (<2years), since 2036,

Time frame/duration/rate (maintenance is eternal process)

Implementation

Implementation in the North Sea
location/jurisdiction

Substance/matter being
introduced (origin, form,
amount. persistence etc.)

Sediment introduction (local + external (Elbe)) + »Lahnungen« subtidal
oyster reefs constructed in front of the saltmarshes (sometimes dikes
reconstructed landward)

Implementation scale (at
introduction)

Implementation at the district level, coordinated with state policies

Actors implementing

Private sector, mandated by the dike authorities, in coordination with
scientists

Funding

EBA subsidies by the German and EU government

Delivery tech/infrastructure
involved

Drones and hydrological measurements for feasibility study; Small scale
shipping (sediment transport), wood poles transport by trucks; ships and
diving for oyster reefs establishments; (bugger to open the dike)

MRYV tech/infrastructure
involved

Drones, satellite images for saltmarsh monitoring, divers for reef monitoring,

surveys for socio-economic impacts monitoring
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Removal potential/duration

Increased (saltmarsh expansion), macroalgae development on oyster reefs

Rate: 100-200g/C/m?/year

Costs (»best guess«) (including
planning, implementation, MRV)

One-time Costs:

500.000€ for saltmarsh (re-)establishment; 200.000 for oyster reefs (+ several
Mio€ for dyke actions)

Permanent costs:

10-15.000 € per year for ecological MRV + 10.000 € for survey (socio-
economics) every 3 years

Anticipated ecological
/environmental impacts
(positive & negative)

Positive: biodiversity enhanced through oyster reefs, maintenance or
enhancement of biodiversity in the salt marshes

Negative: mud-flat replacement and sand digging activities (local loss of
species); risk of introducing invasive species (when sediment taken from
Elbe)

Anticipated effects on other
ocean uses in the area (fisheries,
shipping, leisure etc.)

Bottom trawling is excluded. Other fisheries profit. All other stakeholders
maintain or profit due to inclusive-participatory style (e.g., new tourism
activities — diving in oyster reefs). Loss of crop land in case of dyke
relocation

Affected stakeholders

+/- fishermen
+ construction work (incl. shipping, logistics), tourism, citizens

- farmers

Regulatory landscape —
jurisdictional responsibility,
decision-making authority,
permitting & monitoring
processes, consultation
requirements

State authorities / agencies in charge dike authorities for coastal protection,
other authorities for ecological and social impact assessments

Social context conditions such as
economic and social
vulnerabilities, economic
structure, past experiences,
environmental damage, and
socio-cultural relevance of the
marine environment

Severe climate change related disasters have become part of the normal
mind-map/ part or every-day life. The importance of BCE for adaptation in
coastal settings is common sense. The economic environment is ready to
support BCE-based EBA. Sheep grazing on saltmarsh areas is still common
practice. The need for mitigation actions is recognized by the population
with aim for net-zero by 2080.

Consultation/engagement/partic
ipation activities undertaken

Participatory planning; opinion polls; support for local business
development based on re-established BCEs and their products

Public perception of activity

The public is favorable to those actions as they contribute to a safe
environment and provide opportunities for new livelihoods.

Political contention about the
activity

Not existing on a general level, just on local implications (Cost shift from
mitigation to adaptation is generally agreed upon, exact amount still under
debate)
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Green Scenario: Hope Sells, Hope Moves

No. Title Projection

BCEs not resilient to impacts from increasing SLR and temperature

KU1 Climate change impacts . . .
semp increases but regional differences can be observed

Accessibility and

KU2 S . Integration of national markets and financing mechanisms into a
Availability of Economic p .. d effective E dlori . 1 K
Incentives for BCE unctioning and effective European and/or international market.
Political will in Germany to . .

KU3 A e Will to get to net-negative

o Land and ocean use BCE highest priori lusi
priority (conflicts?) ighest priority, exclusive

KUS MRV: (What capacities Comprehensive, Societal, Carbon & Environmental MRV in place.
exist globally?) (Carbon + Other)

KU6 Scale of policies and legal Global policies and legal systems governing race to net negative; BCE
system governing BCE supported

Theory of the future

(What drives/causes this scenario? What makes this scenario happen?
What are the core dynamics/underlying structures of this scenario?
What create the interconnection between the events in your scenario?)

“We are the
children.” Hope
for the Future

Future Leaders/ (First Mover) (local) Economic

Youth (of SEA) Climate Club Success + Human

innovate for and Ecosystem

future prosperity Co-Flourishing
(CDR, RE)

Increased Access to Power Drive to join Growing &
entanglement of | and Social Climate Club functioning (BCE)
topics “climate” Influence Market:

and “sovereignty” Economies of

/"national scale / Knowledge
security” & Burden Sharing

Tales of New global
Misfortune I: dynamics emerge
Fossil fuel 'Y (China, ASEAN,
dependent MERCOSUR, EU)
countries sink Taleaof

into civil unrest .
Misfortune Il: Non-
due to lack of BCE-Compliers

energy lose CVE
sovereignty and co-benefits (loss

cracks in central of coastal land,

services and / r
systems Qtsg)populattons
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History of the future

(What happened before? What are formative events? What are preconditions?)

2
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Leaders of Project success: Social and Generational
tomorrow combination economic Transition —
summit: ecosystem pressure Passing of
movement  and people /incentives Power to less
of South flourishing, gets to some  climate Club entrenched
Asian social |ocal benefits countries: launches next
influencers & generate hyped Climate Club  comprehen- 9generations.
Fortune 500 founded sive CDR
feeling . (Philippines,  portfolio
hopeful, Integration Singapore,  gtrategy
motivation of ngtural New Zealand, (incl. BCE)
often not CNa g!tal |?to Malaysia, y
entirely ationa Indonesia =2
altruistic Accounts expanding) 'Fl;gsvlears'élc;%atl
(“Hope sells”) (GDP?) inal127
Outcome of the Carbon gc?huenc}aled fot
summit was an Markets incl shiltdowh
early plan for Early focus on comprehen-
comprehensive BGE because sive MRV are Climate club
MRV (keep bene- it gives people working has grown to
fits local) and the feeling of 127 countries
Carbon Market S h Lifestyle
= with lower
Energy something oot
Security popular
becomes Carbon markets el
eracalis start to develop: e ger s
strong other nations convgnie% g
push for joinidueto . co-benefits. |
renew- strong economic ) | :
ables for success and (';Jeg'f’ dr]a
Protect- prosperity iaxessl) Ies,
e success.
Loyl 2028 pLox{o) 2032 2034 2036 pLoki:] 2040

Green Scenario Description: Hope Sells, Hope Moves

In 2040, the world is trying to return from temperature overshoot by achieving net-negative carbon
emissions. The attempt is driven by a large majority of countries that have joined a climate club. The
»Climate 127« are pursuing comprehensive CDR strategies, including blue carbon enhancement. Land
and ocean use conflicts have reduced significantly, as sustainable lifestyle changes, such as veganism,
have reduced pressure on agriculture and fisheries. This creates space for blue carbon ecosystems to
recover and flourish wherever climate change effects have not yet caused their complete loss. This leads
to a concerted effort to maintain remaining blue carbon ecosystems. North-South cooperation on
ecosystem protection, restoration and enhancement proves particularly effective in Southeast Asia,
where more than one million hectares of mangroves have been restored. This cooperation is based on
local stewardship of implementation and comprehensive MRV-systems, allowing for the local retention
of benefits, as well as human and ecosystem co-flourishing. Salt marshes continue to decline globally,
but local success stories show the efficacy of blue carbon enhancement efforts. However, disagreement
between members and non-members of the climate club remain regarding open sea application of blue
carbon enhancement measures such as ocean fertilisation. The path towards this future is driven by the
perils of fossil fuel dependence, new geopolitical dynamics and a generational change of business and
political leadership.
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The perils of energy dependency and the hope of the Batam Summit

The energy crisis of 2026 leads to a strong push for the expansion of renewable energy production, as
energy becomes synonymous with national security and sovereignty. The energy crisis highlights the
fragility of global fossil fuel supply chains and the devastating socio-economic and political
consequences of supply chain disruptions. Civil unrests due to fuel shortages occur in many countries
around the world from 2026 onwards. Security and economic arguments convince even climate-sceptics
of the necessity to diversifying away from vulnerable fossil fuel supply chains.

Energy independence becomes one of the core themes of the Leaders of Tomorrow-Summit in Batam,
Indonesia in June 2027. The summit, which brings together aspiring leaders in politics, culture and
business, predominantly from Southeast Asia, discusses how climate action can be reframed in order to
overcome the lethargy that has plagued it. One of the summit’s key insights is that »hope sells«.
Influencers, activists and business leaders, some of them politically well-connected heirs of prominent
leaders in many Asian and Middle Eastern countries, realise that they can profit from positive
narratives, pushing actionable activities for individuals and communities. One area identified as being
suitable for actionable change is the restoration and enhancement of blue carbon ecosystems, as part of
a highly visible and locally implementable action agenda. The summit also results in a number of
tangible outcomes, such as the establishment of working groups for the development and piloting of (1)
a comprehensive blue carbon MRV-systems (including not only carbon, but also environmental and
social impact monitoring) and (2) a common carbon market scheme for Southeast Asian countries. First
local pilot projects on restoring and enhancing mangrove forests commence in the Philippines and
Indonesia less than a year later. Existing knowledge of local ecosystems is brought into the projects, and
measures are put into place to ensure that a large proportion of the benefits from these projects flow
back into local communities. These success stories are spread widely via social media and create a
feeling of hope among the global online community.

In 2029, the push towards comprehensive MRV-systems is boosted by the update of the System of
National Accounts (SNA), the internationally agreed standard set of recommendations for compiling
measures of economic activity. Henceforth, natural capital is to be included in the measurement of
national GDPs. Thus, the economic benefits of conservation, restoration and enhancement of ecosystems
are also accounted for, incentivizing countries to increase their efforts to pursue them. The next year,
first interim results from multiple blue carbon enhancement pilot projects are collected. They show the
benefits that both local communities and the environment can derive from the community-led
enhancement of blue carbon ecosystems. The success quickly goes viral, as influencers hype the »co-
flourishing«-approach among global youth communities, putting it forward as the solution to the
feeling hopelessness in the face of climate change. Crowd-sourcing >co-fund-me« type campaigns
proliferate to help finance a wide range of sustainable, grass-roots blue carbon projects which benefits
local communities. Many governments soon latch onto this success, promoting blue carbon action as a
scalable and affordable contribution to national climate efforts and publicly discussing
institutionalization of funding and up-scaling of ecologically and socially sustainable blue carbon action
via the creation of a new climate club.

Establishing a new climate club and carbon market

The push to establish a climate club is driven to a large extent by young and burgeoning middle classes
in Southeast Asia. Witnessing the negative effects of ecosystem degradation on human wellbeing and
economic growth, for example in fisheries, these middle classes demand concerted and serious efforts
to safeguard their marine and coastal ecosystems. Pointing to the visible success of the co-flourishing
approach on the small scale, they pressure their national governments to do more. In 2032, the >SEA«
Climate Club (the name is chosen as a combination of the acronym for >South East Asia< and the focus
on marine environments) is launched between the founding members Philippines, Singapore, Malaysia,
and Indonesia. Its first tasks include the expansion of the comprehensive blue carbon MRV-system
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piloted in the context of the Batam Summit, as well as the initiation of its own carbon market. The
undertaking proves popular among voters and local communities, and its successes are widely
publicized. In 2033, a first wave of new members join, including Vietnam, Cambodia, Brunei, New
Zealand and Australia. The climate club surpasses the 50-member threshold in 2034 and welcomes its
first European members, as its carbon market — underpinned by comprehensive MRV — is shown to
improve local economies and ecologies alike.

Climate club expansion and generational transition

Vindicated by its early successes and the rapid growth in membership, the climate club commences the
year 2035 with the launch of its comprehensive CDR portfolio strategy and welcomes China as its
newest and now biggest member. The Chinese accession also compels African countries to join,
ballooning membership.

Towards the second half of the 2030s, the success of »co-flourishing« is one among several
developments that give climate experts hope for a sustainable future. Another reason is the change in
lifestyle that permeates most societies in the world: reduced air travel, electrified mobility, veganism
and engagement in local ecosystem restoration efforts are ever-increasing, particularly among the
generations Z and Alpha. As the younger generations transition into positions of economic, cultural and
political power, average carbon footprints plummet across societies. In 2037, the global average carbon
footprint has regressed enough to remain within the planetary limits, and the remaining coastal and
marine ecosystems are well on their path towards complete recovery. A year later, the climate club
celebrates two milestones: with the accession of Panama, it reaches the 100-member mark; and all
members have scheduled the shutdown of their last remaining coal power plants. In the year 2040, the
climate club has 127 members, a wide-range of portfolios and an indispensable role in the combat
against climate change and ecosystem degradation.

Overview of BCE activity taking place in 2040 in green scenario

Type of activity Comprehensive global CDR effort including BCE, but here: focus on
mangrove-based BCE in South East Asia (founding countries of Climate
Club -> Philippines, Indonesia, Singapore et al.), covers both restoration
and afforestation

Time frame/duration/rate 2028-2040

Implementation

Coastal areas in countries named above (national jurisdiction)
location/jurisdiction

Substance/matter being
introduced (origin, form, Mangroves (depending on which species grows best in respective area)

amount. persistence etc.)

Implementation scale (at

growing from few hectares in 2028 to 3,700 sq km in 2040
introduction)

Mixed approach; initially NGO-run approaches, later private companies
come in that generate carbon credits by implementing these projects;
country-driven projects are also happening, countries seeing BCE as a
perpetual obligation of countries similar to how they currently feel
responsibility for nature protection areas; local population involved in the
process of planting mangroves

Actors implementing
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Carbon market generates money for two kinds of actors: directly for
companies who sell carbon credits; countries get money from carbon markets
by selling emissions certificates and use (part of) that money for BCE -> role
of Germany: some NGOs are German-based, German funding is already in
place and will continue, later Germany is part of the Climate Club, Germany
buys carbon credits from BCE efforts like these to reach national-net-
negative

Delivery tech/infrastructure
involved

Low tech for planting

MRV tech/infrastructure
involved

High tech for cMRV: drones, remote sensing, field measurements; for eMRV:
survey work, census numbers, economic parameter, monitoring and
reporting mostly driven by local population, verification outsourced, field
measurements and remote sensing also for env impacts, corruption
watchdog employed

Removal potential/duration

950 tons of C per hectare, Open ended projects in terms of maintenance

Costs (»best guess«) (including
planning, implementation, MRV)

3900 Dollar per hectare restored; north of 1 billion Dollar as overall cost for
restoration alone (which at least partially goes into the local economy)

Anticipated ecological
/environmental impacts
(positive & negative)

Very positive,

Anticipated effects on other
ocean uses in the area (fisheries,
shipping, leisure etc.)

Conflict with agriculture, mainly land use conflicts

Affected stakeholders

Local populations, aquaculture practitioners, forestry practitioners, people
working in tourism, coastal populations for flood protection

Regulatory landscape —
jurisdictional responsibility,
decision-making authority,
permitting & monitoring
processes, consultation
requirements

National, but international through international carbon market
requirements

Climate Club Corruption and Results Watchdog (MRV)

Social context conditions such as
economic and social
vulnerabilities, economic
structure, past experiences,
environmental damage, and
socio-cultural relevance of the
marine environment

Traditional uses, competing recent land use development
(i.e. hotels, intensive fisheries)

Corruption / misallocation of funds

Consultation/engagement/partic
ipation activities undertaken

Existing knowledge of local ecosystems was brought into the projects
through engagement workshops, level of consultation also adjusted to the
level of anticipated local conflicts (more when more anticipated)

Public perception of activity

Very positive; local communities profit directly, non-local indirectly; other
nations see the benefits and (want to) join the climate club -> their people
benefit from actions/changes

Political contention about the
activity

Governments and politicians support the movement; the ones that don't join
and hold on to fossil energies become politically unstable; some local
contestation in areas with land use conflicts, societal MRV as key to conflict
minimization
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Blue Scenario: Drill, Build, Drown: Germany’s Coastal Reckoning

No. Title Projection
KU1 I T PCES benefit from the impact of increasing SLR and temperature
increases

Ku2 Accessibilityand . Collapse of national and international markets and other ways of
LG Tl financing blue carbon enhancement
Incentives for BCE

LLE Political will in Germany o pyjJ] Deutschland Drill (no will to continue mitigation)
continue mitigation efforts

AR Land and ocean use BCE no priority, exclusive other uses
priority (conflicts?)

KU MRV: (What capacities MRV not in place; Neither Carbon nor Other
exist globally?)

KU6 Scale of policies and legal No global policies and legal systems; Germany has no policies to
system governing BCE pursue BCE

Theory of the future

(What drives/causes this scenario? What makes this scenario happen? What are the core
dynamics/underlying structures of this scenario? What create the interconnection between the
events in your scenario?)

Global recession

Climate change

War / geopolitical
conflicts

Uncertainty = Fear of social and economic hardship / decline

Nationalism

(politics, economy,

policy)

Low priority for
the environment
& BC ecosystems

Right-wing
populism
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2033 -2037 e
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EXPOFES (NIgeTia industy, military
rEnl:,:)eecomes Senegal). AfD support. export and security
fragmented. AfD GEOMAR/ technology.
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“Energie- cooperation. energy-intensive
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Rhein- das Volk” GEOMAR/AWI Asia/Middle East
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Thevoluntary ~ Produce  phase-out  SSSTC. o
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(Verra, Gold arms at (energy & itaetion
Standard, ...) large scale pyproduct g
lose credibility ~ t©support water for the The German
after a series of = €XpPan- city of coastline is
high profile dlng_ Berlin). New characterized
fraud scandals ~ Ukraine permits for by commercial
in mangrove War / Wadden sea ports, gray
offset projects ~ SUpPportof fracking & coastal
in SE Asia. heavy offshore oil) protection
industry. measures,
CDU- agriculture and
Parteitag. tourist
“Unverein- attractions.
barkeits-
beschluss”
Ll - lifted.
E;;&nantle (non-cp-
methane opsigtion
regulations & ieselption) Toxic blue
opened their 2031: The third green algae
outer conti- warmest and driest lead to
nental shelf summer in a row. beach
to inter- closures at
national oil 8 2028-2030 the Baltic
gas extrac-  Worldwide  ys expands SeaCoast  Marine ecosystems
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oil prices the EU Louisiana state as today, BCE
dropped abandons g5t species and range
sharply, the Green  marshes, shifts, affected
making Deal, losing 80 % negatively by
renewable  including - of marsh intensive agric.
energy the EUETS  cover, with (eutrophication,
projects and other o federal pollution ect.), but
uncompe- carbon MRV in positive effect from
titive markets place. climate change
2026 ployi:] 2030 2032 2034 2036 ploxt:] 2040

Yellow = events happening beyond German borders, blue = national politics & economy, and green = climatelenvironment-

related developments
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Blue Scenario Description: Drill, Build, Drown: Germany’s Coastal Reckoning

In 2040, the fight against climate change has largely been abandoned. The vast majority of countries,
including Germany, have stopped or reversed their push towards decarbonization. Ever-more
ecosystems, including blue carbon ecosystems, have been destroyed in order to make space for
extractive activities. Carbon markets have collapsed and financial flows for mitigation and adaptation
measures have dried up. Global climate governance has all but been abandoned. In the absence of
international governance frameworks, monitoring systems and political will, blue carbon ecosystems
are left to their own devices. Paradoxically, the effects of climate change have produced biophysically
favourable conditions for these ecosystems. Thus, in places without human activity, they are thriving.
Such places are hard to find along the German coastline, as the country leans heavily into the extraction
of fossil fuels, including via North Sea oil and gas extraction. The governing right-wing AfD party has
reversed all initiatives to safeguard natural habitats in favour of expanding fossil-fuel-dependent
industries, as well as the development of Al data centres, military technologies and fossil fuel extraction.
The road into this picture is paved by global insecurity, fears of socio-economic decline and the attempt
to counteract it with populist and nationalist policies.

By the late 2020s, a convergence of US retrenchment, Russian hybrid escalation, and mounting fiscal
pressure destabilises the EU. Moscow intensifies sabotage, cyberattacks, disinformation, and military
provocation around NATO's eastern flank. The threat remains ambiguous enough to avoid a full-scale
war, but serious enough to generate public fear and urgent demands for rearmament.

EU member states agree in principle that Europe must strengthen its defence capacity, but they disagree
over financing, procurement, command structures, and the balance between military spending and
social investment. Frontline states call for common debt and rapid production of ammunition, drones,
and air defence systems. Others resist, warning against austerity and militarisation. As energy,
migration, and cost-of-living pressures compound the crisis, the EU becomes more fragmented and
reactive. In response, member states redirect public funds toward defence production, border security,
cyber resilience, and critical infrastructure protection.

The United States, meanwhile, seems less concerned about developments in Europe. With his
popularity plummeting due to rising gasoline prices, Donald Trump announces the ramp up of US-oil
production, claiming there will be a new drive towards >US energy dominance«. He signs executive
decrees dismantling US methane regulations and opening the Outer Continental Shelf for international
oil and gas exploration. »The US«, he claims »sits on an abundance of oil and gas riches. We should use
them.« Moreover, his administration announces new cooperation projects with Mexico to extract deep
water and shale resources in the Gulf of Mexico/America. These announcements lead to a sharp and
immediate drop in global oil prices, which in turn, make renewable energy projects uncompetitive.

In 2028 the global voluntary carbon market is rocked by a series of high-profile fraud scandals.
Journalists visiting mangrove forests in Southeast Asia discover that 90 percent of carbon credits issued
by market leaders, such as Verra and Gold Standard are »phantom« credits — given out without any
removal activity taking place. This destroys public confidence in voluntary carbon markets, and many
companies cancel their participation.

Mandatory carbon markets, such as the EU ETS, fare no better. When the global economy enters a strong
recession in late 2028, the EU reacts by abandoning its Green Deal, including the EU ETS. Other
countries, such as Canada, Japan and South Korea follow suit. The economic crisis becomes a catalyst
for further backsliding into fossil fuels, as European and Chinese foreign investments (for example in
Senegal or Nigeria) focus on building infrastructure for fossil energy extraction and export. Similar
construction projects take place in Louisiana, where ExxonMobile and Chevron expand their oil rigs
deep into Louisiana, thereby destroying 80 percent of the state’s salt marshes.
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In Germany, fear of economic insecurity causes widespread public anger and backlash against the
centrist political elite. The summer of 2031 is the hottest and driest on record for the fourth consecutive
time. Nonetheless, mitigation and adaptation remain low priorities for the German public. When the
campaign season for the 2033 federal elections starts in late 2031, the first polling surveys see the
populist AfD in the lead. One of the party’s main campaign promises is the »Energiewende fiir das
Volk« — an energy transition for the people. The AfD promises to cancel the nearly completed phase-
out of lignite mining — promising to stabilize the socio-economy of the Lausitz region, recreate
»Blithende Landschaften«, and stabilize the struggling Berlin drinking-water supply, as the water
pumped from the mines feeds into the Spree river. They also plan to allow underwater fracking and
offshore drilling in Germany’s coastal waters to increase the country’s energy security. The CDU,
having undergone a latent, internal shift to the right, lifts its »incompatibility rule« (Brandmauer), the
categorical rejection of cooperation with the AfD. This opens the door to the first-ever CDU-AfD-
coalition. While the elections in March 2033 resulted in a narrow CDU-victory, the party could only
govern with the almost equally strong AfD as a coalition partner. Among the new government’s
priorities is opening Germany’s North and Baltic Sea zones for energy exploration, and developing
energy-intensive industry and technology sectors. In 2034, to maintain their funding streams, the
research institutes HEREON, GEOMAR and AWTI are forced to shift their activities towards seismic
exploration and detection of offshore oil and gas reservoirs, as well as the development of dual-use
marine monitoring technologies. Any efforts towards marine ecosystem rehabilitation, restoration and
enhancement are reversed as the protected status of habitats along the coastline is revoked. Moreover,
the deregulation of agricultural practices leads to the use of heavy pesticides. This increases yields in
the short term, but threatens wild plants and animals, as well as raising questions of the long-term soil
quality and effects of run-off into marine environments. In the summer of 2035, German and Polish
officials close their beaches along the Baltic Sea Coast due to the proliferation of toxic blue-green algae,
thought to be in part a result of this runoff. Coastal communities that rely on tourism suffer immensely,
while the rest of the country is slowly recovering economically — spurred by lower manufacturing costs
that accompany green deregulation and falling energy prices.

Many voters credit the AfD with the return of economic dynamism. Climate change remains a concern
for some people, but fear of socio-economic decline and the ostensible success of the fossil fuel-powered
economy are the undisputed priorities for the vast majority of the population. The federal elections in
2037 result in a decisive AfD victory. Scoring almost 43 percent of the votes, the party is close to holding
the absolute majority. With the CDU now as junior coalition member, the new government promises to
double down on its policies of deregulation and fossil fuel extraction. »I see no reason«, the German
Chancellor is quoted, »why we shouldn’t be the Export-Weltmeister once again. And our oil and gas
reserves play a significant role in that.« Major investments flow into the German coastline: gray coastal
protection measures (such as concrete breakwaters and dykes), commercial port upgrades and tourist
attractions change the coastal landscape and encroach on the remaining marine and coastal ecosystems.
Although there is some small-scale criticism of the government’s approach by small »grassroots«
environment NGOs, most of the German population is not actively protesting these developments. The
majority supports the new economic and social structures, but there is some remaining opposition from
the Green party to the focus on coastal adaptation through gray infrastructure at the expense of coastal
ecosystems in the northern German states.

In 2038, marine ecosystems have changed dramatically. Coastal habitats had to make way for other sea
and land uses. Where they remain, they are exposed to the adverse effects of intensive agriculture, such
as increased eutrophication and pollution. On the other hand, the effects of climate change have
improved the biophysical conditions that support marine ecosystems. Thus, wherever human activity
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is absent, blue carbon ecosystems have the potential to thrive. However, as the economic use of the
coastline has intensified dramatically over the last five years, such spaces are increasingly hard to find.
Economically, Germany is doing well in 2040. Focussing on chemical and other heavy industries, arms
production and security technology has provided plenty of well-paid jobs (e.g., in engineering). In an
insecure and no-longer decarbonizing world, German commodities are sought after, leading to a trade
surplus. In the year 2039, German exports to the Middle East and Asia total more than $150 billion —
primarily exporting energy-intensive tech/products — while the country’s terrestrial and marine habitats
are degrading at record speeds.

Overview of BCE activity taking place in 2040 in the blue scenario

Type of activity

e  Gray coastal protection measures (dams, dykes)

e  Expansion of ports (Hamburg, Wilhelmshaven), (BCE suffer/coastal
erosion (dredging))

e Former compensatory measures (e.g., Butjadingen), used for
agriculture & tourism.

Time frame/duration/rate

Permanent gray infrastructure that depreciates and needs to be repaired at
some point

Implementation
location/jurisdiction

In general, German coastal areas and waters

Substance/matter being
introduced (origin, form,
amount. persistence etc.)

Invasive & opportunistic species settle in patches of BCE.
Natural succession in existing BCE conditions (e.g., replacement of high
marsh species by low marsh species).

Implementation scale (at
introduction)

No active implementation of green BCE activities.

Actors implementing

No implementing actors at national levels, only patchy voluntary work by
retired & unemployed scientists & environmentalists

Funding

Only private funding

Delivery tech/infrastructure
involved

Focus on gray infrastructure and human-made technology (no BCE actions)

MRV tech/infrastructure
involved

No MRV systems in place. Article 6 was never operationalised.

Removal potential/duration

No active carbon removal (no additionality)

Costs (>best guess¢) (including
planning, implementation, MRV)

5-15 billion Euro per year for Germany

Anticipated ecological
/environmental impacts
(positive & negative)

Negative: Loss of coastal ecosystems due to coastal squeeze and land-use
changes.
Artificial reef elements benefit new species (e.g., jellyfish larvae).

Anticipated effects on other
ocean uses in the area (fisheries,
shipping, leisure etc.)

Other uses are prioritized.

North-migrating species sustain fishing in the North Sea, »first come, first
serve« (no fishing quotas).

Fuel prices are low, so fishers can go far offshore.
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Employees working in cement industry, shipyards, construction, logistics;
unemployed/retired scientists/school teachers engage in a bottom up green
movement

Regulatory landscape —
jurisdictional responsibility,
decision-making authority,
permitting & monitoring
processes, consultation
requirements

No EIAs necessary, no regulatory landscapes, UBA & BfN have been
defunded. BSH focus on marine use, not protection.

Social context conditions such as
economic and social
vulnerabilities, economic
structure, past experiences,
environmental damage, and
socio-cultural relevance of the
marine environment

Increasing inequality as compared to 2026, but better than in 2035. Mainly
low-skilled workers are benefiting from more jobs in construction, military
sectors etc., less investments into education and science result in
unemployed high-skilled workers. Shrinking population and ageing, risk of
poverty when old. Limited migration. Environmental damages — adaptation
with technology

Consultation/engagement/partic

None

ipation activities undertaken

Small-scale criticism by small »grassroots« NGOs.

Public perception of activity - ) >
Otherwise, focus is on other societal problems

Majority supports new economic and social structures, but opposition from
green and social party to focus on adaptation through gray infrastructure in
northern states

Political contention about the
activity

4. Comparative reflections and conclusions

When asked to reflect on their key takeaways from the scenario workshop, participants noted that the
scenarios felt both plausible and thought-provoking. While some of the blue carbon futures they
developed were perceived as disheartening, others were seen as encouraging and inspiring,
highlighting that different pathways remain possible depending on the choices made today.
Participants emphasized that blue carbon enhancement is inherently local in its implementation and
many of its benefits seem to be concentrated at the local level. However, they also stressed that if blue
carbon action is to have a meaningful climate impact, strong international coordination will be needed
alongside local action.

A recurring theme was that the value of blue carbon action extends well beyond climate mitigation.
Participants highlighted that coastal protection, biodiversity conservation, and other ecosystem benefits
were often the primary motivations for blue carbon management or enhancement efforts in the
scenarios, with carbon drawdown representing an important but secondary »co-benefit«. They also
emphasized that ensuring the financial and other benefits of blue carbon initiatives flow to local
communities will be essential for their long-term success and legitimacy. Strong policy frameworks to
protect blue carbon ecosystems were identified as a critical enabler that would have improved outcomes
across all scenarios, while investment in coastal adaptation was viewed as a robust strategy under any
future, delivering tangible benefits to vulnerable communities in the near term.

Finally, participants reflected there may be hope for climate action even in futures where international
climate cooperation weakens and institutions such as the UNFCCC lose influence, as without top-
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down pressure, climate action undertaken through national or sub-national policies could more
adequately reflect localised interests and contexts. At the same time, it was highlighted in the
discussions that political systems that systematically undervalue the future create significant barriers
to effective climate action, shift burdens onto future generations, and undermine the prospects for
achieving positive long-term outcomes.

A theme running through all the scenarios was the dynamic relationship between public perception,
political will, and scientific evidence. Participants emphasized that public and political responses to
climate change are shaped not only by scientific knowledge but also by emotions, values, and social
narratives. Recognizing the role of emotions — particularly fear, hope, and a sense of (lacking) agency
— in influencing public perception and political decision-making was seen as essential. While fear can
raise awareness of climate risks, participants noted that stories of hope and tangible examples of
progress may be more effective at mobilizing action, particularly when they empower and give agency
to those most affected by climate change and help counter feelings of helplessness or powerlessness.

The workshop participants also reflected on the changing drivers of public opinion, particularly among
younger generations. The dynamics in the scenarios highlighted that social media personalities and
influencers increasingly shape perceptions of climate issues, in some cases exerting greater influence
than political leaders. More broadly, social media was seen as offering significant opportunities for
bottom-up mobilization capable of generating meaningful political change. While participants
acknowledged that these dynamics can amplify misinformation and polarization, they also highlighted
the untapped potential of digital platforms to build positive momentum for climate action.

The discussion further underscored that the social acceptability of coastal climate action is closely
linked to competing uses of coastal spaces. Participants stressed the importance of working closely
with local communities to co-design projects, minimize use conflicts, and ensure that the benefits of
blue carbon and other coastal initiatives remain within local communities. Finally, participants
observed that even in the most challenging future scenarios, there remained grounds for optimism.
They noted that individuals and communities can respond to challenging circumstances by self-
organizing and taking action to protect the environment, demonstrating that grassroots initiative and
collective action can persist even in difficult political and environmental contexts.

The workshop also highlighted the limits and opportunities of this sort of foresight scenario
development methodology itself. Participants agreed that these types of scenarios can help structure
thinking about a range of plausible futures, but even so, they only ever capture a sub-set of possible
futures, and are only as diverse as the group developing them. In addition to having diverse
perspectives, disciplines and expertise involved, making the assumptions that feed into the scenario
development process explicit was seen as essential, since unclear or hidden assumptions can distort
how the scenarios are interpreted. Designing complex but still plausible scenarios that truly integrate
ecological impacts, political dynamics, and social concerns was seen as both necessary and challenging.
It was helpful to have a wide range of expertise in the room that could provide insights on dynamics
within a specific dimension (legal frameworks, economic dynamics etc.).

One example of the challenges of such interdisciplinary communication that arose during the scenario
development process was communicating how a given development could be relevant to shaping future
dynamics to someone who is not that well-versed in a particular field — for example communicating
assumptions about economic drivers of change often requires some understanding of economic
theories. This meant that sometimes longer conversations were needed in which an expert provided
more detailed background or theoretical information to help interdisciplinary listeners understand the
assumptions underpinning their specific theory of change. However, the process reminded participants
of the value of collaboration across disciplines and perspectives when thinking through plausible future
developments, even if it can be challenging.

This report has outlined the process and key insights from a single participatory foresight exercise. It is
important to emphasize that the BCE scenarios developed during these processes are exploratory in
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nature. They are designed as thought experiments to stimulate structured dialogue among a specific
group of participants about possible BCE futures in the German context. The resulting scenarios are
context-specific and should not be interpreted as forecasts of probable futures. Instead, they serve as
a starting point for further forward-looking discussions and highlight the value of such approaches for
examining the complexity of BCE development pathways.

As the reflections in this report illustrate, such participatory foresight processes can be a valuable means
to (1) expand our understanding of possible BCE developments and (2) encourage more critical
reflection on the assumptions shaping how we think about BCE and wider climate futures.
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Annex

Anonymized participant list

No. Affiliation Expertise

1 Academia Integrated assessment modelling

) Academia Integrated assessment modelling

3 Academia Earth System Modelling

a Academia Law

5 Academia Economic modelling

6 Academia CDR Policy & Politics/

7 Academia CDR Policy & Politics

3 Academia CDR Policy & Politics

9 Academia Modelling of the North Sea

10 Academia Ocean biogeochemistry

11 Academia Ocean biogeochemistry

Academia Ocean biogeochemistry

12 Administration/regulatory bodies Nature protection/regulation of
human activities

13 Administration/regulatory bodies Nature protection/regulation of
human activities

14 Administration/regulatory bodies Marine spatial planning

15 Administration/regulatory bodies Law/German Long Term Negative
Emissions Strategy

16 Civil society Nature/marine protection
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No Factor Uncertainty | Impact | Varianz-Score Varianz U I
1 Changes in the global economy (growth, outlook, priorities) 3.08 3.33 12.66 0.93 0.84 3.08 3.33
2 Military conflicts (yes or no? where?) 3.69 2.75 8.59 0.34 1.19 3.69 2.75
migration movements (war, climate change) (How are migrants and
3 actions taken by them or against them affecting the development of BC 3.33 1.63 7.60 0.59 0.73 3.33 1.63
ecosystems?) [7]
Global land-use practices, especially fraction of intensive agriculture
4 producing runoff (What will be the global fraction of intensive 2.02 2.51 5.49 0.25 0.88 2.02 2.51
(traditional) agriculture (within global agriculture) in 20407?) [8]
Energy Production (How reliable is the energy availability and what
5 sources will be relied on?) [17] 2.63 1.77 10.86 1.11 0.56 2.63 1.77
6 Political will of countries to continue mitigation efforts 3.00 3.45 6.94 0.63 0.62 3.00 3.45
7 Progress in emissions reduction (how fast is it?) 251 2.64 17.78 1.13 0.98 251 2.64
. . K . o
8 Will blue carbon ecosystems be part of international climate obligations? 245 333 16.53 137 0.71 245 333
9 Blue carbon's emmissions mitigation potential 2.15 2.94 11.31 0.86 0.81 2.15 2.94
Development UNFCCC guidance re trade of internationally transferred
mitigation outcomes (ITMOs) (To what extent will UNFCCC guidance on
10 coastal wetlands allow the issue or trade internationally transferred 2.51 2.40 5.82 0.63 0.48 2.51 2.40
mitigation outcomes (ITMOs) linked to blue carbon?) [2]
11 \l\//IV|SIIFI\é()ember States achieve EU targets (e.g., Nature Restoration Law, 220 201 711 0.78 0.50 290 201
Inclusion of blue carbon in national climate policies and targets
12 (integrated or not?) 2.20 3.32 10.39 1.03 0.59 2.20 3.32
Legal system governing blue carbon ecosystems (will it constrain or
13 enable blue carbon efforts)? 2.63 2.95 9.68 0.61 0.93 2.63 2.95
. . . ”
14 Public knowledge of climate change (how knowledgable will people be~ 183 157 6.11 0.65 0.50 1.83 157
Burden-sharing within Germany when it comes to CDR responsibilities
15 (Wil the coastal states feel that CDR is something only they must 2.13 1.51 4.17 0.48 0.38 2.13 1.51
shoulder?) [18]
16  Public perception of nature-based solutions 2.14 2.01 7.94 0.73 0.63 2.14 2.01
17  Public perception of blue carbon efforts (supportive or not?) 2.52 2.64 12.06 0.75 0.98 2.52 2.64
18 Co-benefits' impact on political support for blue carbon? (yes or no?) 1.89 2.52 6.50 0.36 0.88 1.89 2.52
19 Distribution of benefits (equitable or not?) 2.64 2.08 11.31 0.86 0.81 2.64 2.08
20 Invasive species (how will they shape ecosystems and restoration?) 2.63 1.71 6.21 0.86 0.34 2.63 1.71
21 Interaction between natural and technical marine CDR (positive or 289 201 569 0.73 0.38 289 201
negative?)
Land and ocean use conflicts (How will blue carbon ecosystems
22 compete with other uses?) 2.63 3.38 9.80 1.11 0.48 2.63 3.38
23 Ionrt(re]gg;lon of blue carbon into coastal development plans (functioning 264 275 738 0.61 0.69 264 275
24 How will blue carbon enhancement efforts interact with affected 270 251 11.82 0.96 0.75 270 251

communities?




No Factor Uncertainty | Impact | Varianz-Score Varianz U I
o5 Lr:tﬁg;g‘;lon of carbon mitigation and nature protection agendas (working 258 263 791 0.62 0.73 258 263
26  Scale of nature policy and restoration efforts (high or low?) 2.70 2.75 8.06 0.46 0.94 2.70 2.75
MRV and accounting mechanisms for blue carbon (How reliable,
27 accurate and accepted?) 2.82 3.13 7.07 0.65 0.61 2.82 3.13
28  Application of MRV systems globally (reach and standardization?) 2.82 251 12.72 0.90 0.88 2.82 251
29  Data availability for monitoring (how widely available?) 1.94 2.56 9.83 0.93 0.62 1.94 2.56
30 New carbon crediting mechanisms (yes or no)? 2.46 2.08 12.75 1.12 0.68 2.46 2.08
31 Recognition of blue carbon in compliance markets (to what extent?) 2.45 251 4.96 0.37 0.63 2.45 251
32  Price of blue carbon credits (how high? compared to terrestrial?) 2.95 2.69 441 0.43 0.46 2.95 2.69
33  Carbon markets (What type? functioning?) 2.90 2.76 7.34 0.73 0.56 2.90 2.76
34  Financing for blue carbon efforts (sufficient? What instruments?) 3.14 3.26 7.38 0.61 0.69 3.14 3.26
35 geo%ts of restoration and enhancement measures (how high will they 213 288 571 0.61 0.48 213 288
Impact of technological developments on blue carbon enhancement
36 efficiency and effectiveness 2.39 2.27 6.32 0.61 0.56 2.39 2.27
37  Severity of climate change effects 2.65 2.95 12.93 0.86 0.93 2.65 2.95
vector-borne diseases (How will a changing climate influence
38 populations, e.g.. of mosquitoes?) [7] 2.77 1.32 4.85 0.81 0.21 2.77 1.32
39 Impacts of extreme weather events 2.51 2.44 11.87 1.13 0.62 251 2.44
40 \I,?v:ﬁ?tlgea})t)mospherlc and ocean temperatures (How bad and impactful 1.89 257 7.90 0.61 0.75 1.89 257
Ecosystem degradation due to future pressures (environmental,
41 societal, economic) 2.58 2.90 5.79 0.62 0.48 2.58 2.90
42  Extent of sea level rise 1.77 2.57 6.42 0.56 0.62 1.77 2.57
43  Changes in ocean chemistry (What impact will they have?) 2.07 2.14 7.21 0.81 0.48 2.07 2.14
44  Water quality (How good or bad?) 1.88 2.14 11.52 0.61 1.11 1.88 2.14
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