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ARTICLE INFO ABSTRACT

Keywords: Kelp forests are vital marine ecosystems that support high biodiversity and provide essential economic and

Finance cultural services along one-third of the world's coastlines. However, many of these underwater forests are

g_"lg'ﬁ’re?ts declining worldwide, prompting international initiatives to set ambitious conservation goals. The Kelp Forest
iodiversity

Challenge, a global, grassroots initiative, aims to protect 3 million and restore 1 million ha of kelp by 2040.
Achieving such area-based targets requires significant financial investment. Here we present the development of
a global finance target for kelp forest conservation, formulated through a multi-stakeholder consultation and cost
scenario analysis. We describe the methods used, including expert workshops and comparisons with analogous
initiatives for coral reefs and mangroves. Three cost scenarios (low, medium, high) were identified for both kelp
restoration and protection efforts based on global hectare targets and unit cost data. We estimate that total
funding needs range from approximately $1.9 billion to $58 billion (USD), depending on cost assumptions. By
using the middle cost assumptions, we propose a fundraising target of ~$14 billion. The consultation process
reached consensus on adopting the medium-cost scenario as a realistic yet ambitious funding target. In the
discussion, we examine the implications of this target in the context of global conservation frameworks,
addressing uncertainties (e.g., regional cost variability and knowledge gaps) and outline future research needs.
This work provides a data-informed financial benchmark to mobilize resources for kelp forest restoration and
protection, aligning kelp conservation with other global marine conservation “breakthrough” initiatives.

Marine
Conservation
Funding

1. Introduction ecosystems on the planet (Wernberg et al., 2019). These forests fringe
roughly one-third of the world's coastlines, creating structurally com-

Kelp forests, formed by large brown seaweeds (order Laminariales plex habitats that support hundreds of species, including micro and
and Fucales) (Coleman and Wernberg, 2017; Steneck et al., 2002), are macro fauna and economically important species such as abalone and
among the most productive and ecologically important marine lobsters (Desmond et al., 2018; Mayfield et al., 2012; Smale et al., 2022).
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In economic terms, the ecosystem services provided by kelp (including
fisheries habitat, nutrient and carbon cycling) have been valued at over
$500 billion USD per year (Blamey and Bolton, 2018; Eger et al., 2023;
Vasquez et al., 2014). Despite their importance, kelp forests have
received comparatively less global conservation attention than coral
reefs or mangroves (Valckenaere et al., 2023).

Globally, kelp forests are in decline due to a combination of climatic
and anthropogenic stressors (Wernberg et al., 2024). It is estimated that
40-60 % of kelp forest ecosystems worldwide have been degraded or lost
in the last 50 years (United Nations Environment Programme, 2023).
Indeed, kelp forests are the most vulnerable temperate marine
ecosystem to climate change (Ruane, 2024) and over 3 million ha of kelp
is considered to be in a degraded state (Eger et al., 2024a). In some
regions, declines have been catastrophic: for example, giant kelp
(Macrocystis pyrifera) forests in Tasmania, Australia have collapsed with
over 95 % loss of dense canopy cover since the 20th century (Butler
et al., 2020), bull kelp (Nereocystis luetkeana) forests along Northern
California's coast suffered a >95 % decline following marine heatwaves
and urchin outbreaks in the 2010s (Rogers-Bennett and Catton, 2019),
and the fucoid Cystoseira spp. has had major declines in the Mediterra-
nean (Tamburello et al., 2022). To date, the level of effective manage-
ment, spatial protections, and area under restoration for kelp ecosystems
remains low. Only about 16 % of the world's kelp forest area falls under
any form of marine protection, less than 2 % is in fully protected zones,
and similarly, only ~19,000 ha of kelp forest area has been restored over
the last seven decades (Eger et al., 2024b). This mismatch between
ecological importance and conservation coverage highlights the need for
enhanced global efforts and funding for kelp forest conservation.

Responding to these challenges, the international kelp forest com-
munity of practice has launched initiatives to safeguard kelp ecosystems.
Notably, the Kelp Forest Challenge, established via community consul-
tation in 2023, set a bold goal of restoring 1 million ha and protecting
(via marine protected areas, spatial management, or Otherwise Effective
Conservation Measures) 3 million ha of kelp forests by the year 2040
(~30 % of the observed distribution) (Eger et al., 2024a). This target
reflects a shared vision to reverse kelp forest declines on a global scale. It
also aligns with broader international conservation commitments,
including the Kunming-Montreal Global Biodiversity Framework's “30
x 30” goal of protecting 30 % of marine and terrestrial habitats by 2030
(Convention on Biological Diversity, 2022). Restoration actions follow
an IUCN approved typology while protected areas allow for a range of
management options, while respecting local communities and stew-
ardship. However, achieving the Kelp Forest Challenge's area-based
objectives will require substantial financial resources for on-the-
ground actions including restoration projects, long-term management
of kelp forests, monitoring, and community engagement.

Experience from other ocean habitat initiatives suggests that
defining a clear financing target can galvanize support and guide
resource mobilization. Under the high-level “Ocean Breakthroughs”
framework (Ricketts and Olutoke, 2024), for instance, global conser-
vation targets for mangroves and coral reefs have been coupled with
investment objectives of $4 billion (Andersen, 2024) and $12 billion
(Suggett et al., 2024), respectively. These figures provided a benchmark
for success, helping to attract funding and partnerships commensurate
with the scale of work needed. By comparison, kelp forest conservation
has not yet been associated with a dedicated global funding target. To
address this gap, the Kelp Forest Alliance (KFA, www.kelpforestalliance.
com - (Eger et al., 2022a)) — a global network of kelp researchers, con-
servationists, and stakeholders, undertook a consultative process to
develop a Kelp Breakthrough Finance Target. The goal was to estimate
how much funding would be required to meet the kelp protection and
restoration goals, and to set a tangible fundraising target that can be
presented to policymakers, philanthropic foundations, and international
initiatives. Here, we describe the outcome of that process. We outline the
methodology used to derive cost estimates for kelp conservation at scale,
present the resulting funding scenarios, and discuss the rationale for the
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chosen target. By formalizing these findings in a scientific context, we
aim to strengthen the evidence base and emphasize the urgency for
investing in kelp forest conservation.

2. Methods
2.1. Consultation process

To establish a global kelp conservation finance target, we engaged in
an iterative stakeholder consultation. We convened three virtual work-
shops between January and March 2025, involving participants who
were invited via email from the global Kelp Forest Alliance conservation
community (N = 845) including scientists, restoration practitioners,
NGOs, and policy experts (30 participants across 10 countries).

As the workshop did not involve the collection of personal, sensitive,
or health-related data, and participants were engaged in their profes-
sional capacity as subject-matter experts, formal human ethics approval
was not required. All participants were informed of the purpose and
format of the workshop in advance via email and provided informed
consent to participate by confirming their attendance and contributing
during sessions. Invitations for authorship were extended to anyone who
participated in the workshops or consulted on the manuscript. We define
expertise as individuals with recognized experience in kelp forest con-
servation or restoration, including scientists, policy professionals, and
practitioners with published work, institutional affiliations, or leader-
ship roles in relevant initiatives. Invitations were extended to in-
dividuals meeting these criteria, and final participation reflected this
intended sample frame across academic, NGO, and government sectors.

Workshop methods followed a structured three-phase approach: (1)
Participants were presented with background context for the Kelp Forest
Challenge and other global conservation agendas as well as a series of
global restoration and protection scenarios, followed by open discus-
sions of the pros and cons of each approach; (2) based on these discus-
sions, we synthesized key points into a set of draft quantitative targets;
and (3) targeted discussions were then held to assess the relevancy and
applicability of the draft targets, leading to refinement and presentation
of a final proposed target. Meeting slides are contained in the supple-
mentary materials. A consensus was reached during the final session,
with no participants expressing objections to the agreed outcomes dur-
ing the session or thereafter.

Key discussions focused on what creating an “ambitious yet achiev-
able” funding goal for kelp might look like, how to include economic
complexities (purchasing power, currencies, etc.), the total area needing
intervention, the unit costs of different intervention types, and how to
account for variability and uncertainty in those costs.

2.2. Estimating area needs

The first step was to define the scope of the kelp forest area to be
funded for protection and restoration. We based these figures on the
Kelp Forest Challenge targets and current progress toward those targets.
According to the latest assessment of the progress toward the Challenge
(Eger et al., 2024b), approximately 16 % of the world's kelp forests have
some protection or conservation management, noting that only ~1.6 %
are “fully protected”, e.g., restrict fishing or other harmful activities.
Consequently, roughly 1.4 million ha of additional kelp forests would
need to be brought under sustainable management or protection to
reach the 3-million-hectare protection goal. Likewise, out of 1 million ha
targeted for restoration, approximately 980,000 ha remain to be
restored (accounting for existing or ongoing restoration efforts). These
figures reflect the “gap” to achieve the overall kelp conservation ob-
jectives; thus, we adopted 980,000 ha (restoration) and 1,400,000 ha
(protection) as the basis for our funding calculations.
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2.3. Cost scenarios for restoration and protection

Costs for kelp forest restoration can vary widely depending on the
methods used, local context, and project scale. To capture this uncer-
tainty, we developed three cost per hectare scenarios for restoration, all
costs are in USD:

@ Low-cost scenario: $1000 per hectare - representing the most
inexpensive methods under ideal conditions (e.g., urchin removal
with quicklime) (Eger et al., 2020).

@® Medium-cost scenario: $10,000 per hectare — representing an
average cost observed in large-scale, multi-method, kelp restoration
programs, such as those in Japan and Korea (Eger et al., 2020).

@ High-cost scenario: $100,000 per hectare — representing resource-
intensive projects at smaller scales with high upfront costs (e.g.,
laboratory-reared outplanting or reef construction) (Eger et al.,
2022b).

The lowest-cost figure ($1 k/ha) corresponds to interventions
including targeted culling of overgrazing sea urchins using quicklime or
a volunteer workforce, which can rapidly allow kelp to regrow at min-
imal expense. The medium value (~$10 k/ha) is the observed kelp
restoration cost for large established programs. The highest cost figure
($100 k/ha) reflects complex efforts involving extensive infrastructure
for prolonged aquaculture of kelp, or small-scale projects, which can be
costly per unit area. For restoration, we assumed that the quoted cost per
hectare, especially in medium and high scenarios, implicitly includes
post-restoration monitoring for up to 10 years (typically adding up to
$1000/ha in total). This assumption was made because restoration
projects often integrate monitoring and maintenance, and restoration
tends to be costlier than protection initiatives on a per-area basis.

For protection costs, we focused on the expenses of establishing and
managing marine protected or managed areas. We drew on a global MPA
cost database (Balmford et al., 2004) that surveyed annual running costs
for 83 MPAs and indexed those costs for a conservative level of inflation
(1.6 % - (National Institutes of Health, 2024)) from 2004 to 2024. From
this, we approximate three representative annual cost levels per hectare
of MPA:

@ Low: $125 per hectare per year — characteristic of large, offshore, or
less strictly managed MPAs with lower enforcement costs.

@® Medium: $650 per hectare per year — an intermediate cost reflecting
many typical MPAs with moderate management and enforcement
efforts.

@ High: $1300 per hectare per year — corresponding to smaller or
highly regulated MPAs in costly regions (e.g., near urban areas in
developed countries).

These per-hectare annual costs encompass a range of management
activities including patrolling/enforcement, ecological monitoring,
community outreach, and administrative overhead. We also allowed for
5 years of post-development monitoring and maintenance of each pro-
tected area. In each scenario, the per-hectare annual cost was multiplied
by 5 to estimate a five-year cost per hectare of protected kelp forest. For
example, under the medium scenario, $500/ha/year translates to $2500
per hectare over five years. This multi-year approach aligns the finance
target with near-term action, recognizing that long-term protection
(through 2040 and beyond) would require sustained funding beyond the
initial five years.

Using the above area targets and unit cost assumptions, we computed
total funding requirements for each combination of restoration and
protection scenario. All cost figures are presented in US dollars and,
unless otherwise noted, represent the cumulative amount needed for the
targets.
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3. Results
3.1. Funding requirements under different scenarios

Combining the restoration and protection estimates yielded a range
of total funding scenarios for global kelp forest conservation (Table 1).
The low-cost scenario for both restoration and protection yield an esti-
mated $1.9 billion needed to meet the targets, whereas the high-cost
scenario for both components would require an estimated $58.2
billion. The medium-cost scenario for both restoration and protection,
considered the most realistic, resulted in an intermediate funding target
of approximately $14.4 billion (Fig. 1).

These estimates represent the cumulative investment needed to
achieve the protection of 1.4 M ha and restoration of ~0.98 M ha of kelp
forests (as per the Challenge goals), given different assumptions about
per-hectare costs. Several patterns emerge from the scenario analysis.
First, restoration costs dominate the total in most scenarios, especially in
the high-cost case. For example, in the High-High scenario ($58 B), over
85 % of the total is attributable to the restoration component (nearly $49
B for restoration alone at $100 k/ha), whereas protection (at $1300/ha/
yr for 5 years) contributes about $9 B. Even in the Medium-Medium
scenario ($14.4 B), restoration expenses ($9.8 B) make up roughly 69 %
of the total, with protection ($4.6 B) accounting for the remainder. This
imbalance reflects the fact that active ecological restoration of kelp
forests is generally far more resource-intensive per unit area than
establishing MPAs, which primarily incur management and personnel
costs. Conversely, in the Low-Low scenario, the two components are
closer in magnitude ($0.98 B for restoration vs $0.89 B for protection).

Second, the mid-range (medium) scenario of approximately $14
billion aligns with funding targets for comparable ecosystems: it is about
three times higher than the mangrove conservation investment target
($4 B) and of the same order of magnitude as the coral reef target (~$12
B). This medium scenario was identified by the stakeholders as the most
appropriate balance between ambition and feasibility (further discussed
below). Notably, the medium scenario assumes a cost of $10 k per
hectare for restoration, which may be achievable at scale if cost-effective
methods are implemented, and approximately $650 per hectare per year
for protection, which is a realistic average for well-managed MPAs.

3.2. Recommended finance target

After reviewing the scenario outcomes, the consultation participants
reached a consensus to adopt the Medium-Medium scenario as the kelp
finance target. In practical terms, this means a global fundraising target
on the order of $14 billion (approximately $14.4 B as calculated) would
be set to support kelp forest conservation efforts over the coming years.
This target was deemed “ambitious but achievable,” in line with the
objective of keeping pace with other global conservation initiatives and
the scale of kelp forest decline. For communication and planning pur-
poses, the value may be presented as a round figure (e.g., “$14 billion by
2040 for kelp forests™), acknowledging the inherent uncertainty in such
estimates. The finance target encompasses funding from all sources,
including national governments, multilateral funds, private philan-
thropy, corporate contributions, and innovative finance mechanisms,

Table 1

Estimated total funding required (in billion USD) to protect ~1.4 M ha of kelp
forests (for 5 years) and restore ~0.98 M ha of kelp forests, under low, medium,
and high unit cost scenarios for each. The bolded values indicate the medium
scenario selected as the final target.

Total cost estimate ($USD B) Restoration
Low Med High
Protection Low 1.9 10.7 50.0
Med 5.5 14.4 53.6

High 10.1 18.9 58.2
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FINANCING THE FUTURE
OF KELP FORESTS

WHY KELP FORESTS

One-third
of coastlines

$5008B a year
in value

40-60% Degraded
over 50 years

KELP FOREST CHALLENGE

OUR TARGET FOR 2040

PROTECT ($4.68B

$14B

RESTORE ($9.88B)

Fig. 1. Area and finance based targets for achieving the Kelp Forest Challenge.

that can be marshalled to protect and restore kelp at the global scale. By
setting this quantified target, the Kelp Forest Alliance and partners aim
to create a rallying point to attract investments and track progress in
financing kelp conservation.

4. Discussion

The development of a global kelp forest conservation finance target
represents a proactive step in aligning kelp ecosystems with interna-
tional conservation funding frameworks. The selected target of $14
billion reflects a compromise between scientific guidance and practical
considerations. Although the target is larger than the funding calls for
coral reefs, it is comparable to the call for mangroves. These similarities
and differences are partly due to the global extent and restoration costs
of the ecosystems. Dollar per-hectare, kelp restoration is much costlier
than mangrove restoration (Saunders et al., 2020) and kelp forests have

a much larger distribution compared to coral reefs (Duarte et al., 2022;
UNEP-WCMC, WorldFish Centre, WRI, 2021). We now examine the
underlying considerations, uncertainties, and implications of the finance
target, and suggest directions for future refinement and implementation.

4.1. Basis for the medium-scenario selection

The choice of the medium cost scenario as the basis for the finance
target was influenced by multiple factors. Regional cost variation was an
important consideration, kelp restoration costs can be significantly
higher in developed countries (due to labour and permitting costs) or in
remote regions (due to logistical challenges). Conversely, some regions
may achieve lower costs with community-led efforts or simpler tech-
niques. By using a moderate cost estimate ($10 k/ha for restoration), we
implicitly averaged across regional differences, aiming for a middle
ground that would neither grossly overestimate nor underestimate
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needs. Additionally, selecting the medium scenario helps account for the
expectation that as restoration efforts scale up, efficiencies and cost
reductions may occur (e.g., through shared infrastructure, improved
methodologies, and learning-by-doing). From a goal-setting perspective,
the medium-cost target was also seen as more motivational: a very high
number (e.g., $50+ billion) might be discouraging to stakeholders and
financiers, while a very low number (e.g., $2 billion) could undervalue
the ecosystem and fall short of achieving meaningful recovery.

Another consideration was the balance of funding sources. The
finance target is envisioned to be met through a mixed portfolio of
contributions, not relying on any single sector. Government budgets will
play a role, but private philanthropic foundations, impact investors, and
even emerging blue carbon (Kuwae et al., 2022; McHenry et al., 2024) or
biodiversity (Flammer et al., 2025) finance mechanisms could also
contribute. Notably, kelp forest conservation lacks dedicated carbon
credit frameworks at present (because kelp carbon sequestration dy-
namics are complex), but ongoing research into blue carbon accounting
for macroalgae could eventually enable carbon-market funding for kelp
projects (e.g., such as in Japan's J-Blue credit) (Kuwae et al., 2022) or
national accounts for blue carbon (McHenry et al., 2024). In the
meantime, framing the target within broader ecosystem service benefits
(such as fisheries enhancement and nutrient removal) may attract
diverse funding sources. The inclusion of corporate and philanthropic
donors is explicitly acknowledged in the target's formulation, broad-
ening the base beyond public funds.

4.2. Uncertainties and limitations

Estimating a global funding need for ecosystem conservation inher-
ently involves uncertainties (Carwardine et al., 2010; Lechner et al.,
2014). In our approach, we identified several areas of uncertainty and
potential refinement, including variations in kelp forest extent data,
economic conditions, technological change, and future environmental
conditions. For instance, the total global area of kelp forests is not
mapped with complete precision and different estimates of kelp distri-
bution (Eger et al., 2024a; Jayathilake and Costello, 2021; Pessarrodona
et al., 2022) would alter the hectare targets (though the chosen values
were based on best available global data). We noted economic factors
like currency exchange rates and purchasing power parity (Taylor,
2003) as possible refinements (since costs in developing countries vs.
developed can differ in real terms). We considered adjusting for such
factors, but doing so would introduce additional layers of complexity
and assumptions, each with their own uncertainties. Ultimately, the
decision was made to “keep it simple,” using broad average cost figures
and global area totals, rather than disaggregating by country or region.
This simplicity sacrifices some precision but makes the target more
straightforward to communicate. It also avoids compounding uncertain
variables. As more data become available, for example, more detailed
breakdowns of restoration costs by region or improvements in global
kelp cover mapping, future analyses could refine the cost model and
adjust the target accordingly. Additionally, there is inherent uncertainty
in the efficacy of restoration (Kimball et al., 2015; Rohr et al., 2018): not
every dollar spent will necessarily yield a hectare of kelp restored if
projects fail due to unforeseen factors (marine heatwaves, storms, urchin
outbreaks, etc.). We did not explicitly factor in the expansion or
contraction of restored area or the need for repeat interventions, which
could increase true costs, but the high-cost scenario can be seen as a
proxy buffer for lower restoration success rates.

4.3. Regional variation

While the finance target is global, implementation will occur through
numerous local and regional projects. Cost variation among these pro-
jects will be large and there is an opportunity for regions or countries to
create area specific conservation and finance targets (Beger et al., 2015;
Butchart et al., 2015). For example, some regions may require less
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restoration and therefore need less funding. Moreover, the cause of kelp
declines will differ regionally, and effort required to enact successful
restoration will vary accordingly. Regions with lower labour costs and
simpler permitting may also require less funding to achieve both pro-
tection and restoration goals. The target therefore should be interpreted
with flexibility to allocate funds in a way that maximizes ecological
return on investment to priority areas.

At the global level, we will need to balance prioritizing “cheaper per
hectare” wins in the short term (to get momentum and quick gains in
area restored/protected), (McCreless et al., 2013), while also investing
in a few high-profile, higher-cost projects that push the envelope of
technology or address keystone sites (e.g., restoring kelp in a biodiver-
sity hotspot site even if cost per hectare is high) (Chauvenet et al., 2020).
Over time, a portfolio of projects under the global target can be balanced
to achieve both area goals and equitable regional representation
(Kimball et al., 2015).

4.4. Future directions

Establishing a finance target is only a first step. Moving forward,
several actions and research efforts are needed to enhance the effec-
tiveness of this initiative. First, refining cost estimates with real-world
data from pilot projects will be important. As new kelp restoration
projects are implemented (some of which may be catalysed by the
attention from this funding target), they will generate data on actual
costs and outcomes. The Kelp Forest Alliance hosts an active database
that records restoration projects, their outcomes, and pertinently, their
costs (https://kelpforestalliance.com/restoration-projects). Future pro-
jects can actively contribute to this database and help to validate real
world costs vs. our estimated costs. Second, further work is needed to
integrate ecosystem service valuation and co-benefits into the funding
rationale. For example, kelp forests contribute to fisheries productivity
and carbon uptake; quantifying these benefits or potential losses in
monetary terms, e.g., (Blamey and Bolton, 2018; Cevallos et al., 2024;
Vasquez et al., 2014) can strengthen the case for investment by linking it
to climate and food security funding streams. Global estimates of $500
billion/year or $111,400/ha/year in services, while broad, indicate that
the return on investment for saving kelp forests could be extremely high
when considering the societal benefits. Developing region-specific
business cases (e.g., how kelp restoration could boost a local fishery's
economic output) could also help to attract local funding, social license,
and political support for kelp restoration and protection.

Finally, it will be crucial to monitor and report on progress toward
the kelp finance target (Brooks et al., 2015). Regular updates (e.g., an
annual “state of kelp finance” report) could track how much funding has
been pledged or spent toward the $14 billion goal, how many hectares of
kelp forest have been protected or restored with those funds, and what
the outcomes have been (Eger et al., 2024b). This transparency will help
maintain accountability and momentum. It will also allow for course
corrections, if certain approaches are not yielding expected results, re-
sources can be reallocated. The Kelp Forest Alliance currently hosts a
knowledge hub that can track area under restoration, management or
protection, and funding raised and meets these needs. Further, the
Alliance and its partners can coordinate and motivate action within the
kelp conservation community.

5. Conclusion

Kelp forests have historically been underrepresented in global con-
servation funding despite their immense ecological and economic value.
By outlining a dedicated global finance target for kelp forest conserva-
tion (~$14 billion under a mid-range scenario), this study provides a
tangible figure around which scientists, conservationists, community
members, policymakers, and funders can unite. Achieving this target
would enable the protection and restoration of millions of hectares of
kelp habitat, helping to stabilize and restore some of these ecosystems,
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thus increasing their many socioeconomic benefits. Importantly, setting
the target has also illuminated the underlying cost structure and as-
sumptions, allowing for greater clarity in what it will take to save kelp
forests worldwide.

The finance target is ambitious, but it is commensurate with the scale
of the challenge and aligned with other global efforts to save vital ma-
rine ecosystems. If realized, the investment would not only secure kelp
forests and the biodiversity they harbour but also sustain the invaluable
services they provide to coastal communities and global climate regu-
lation. Moving forward, broad collaboration will be required, among
scientists, NGOs, governments, Indigenous communities, and the private
sector, to mobilize resources and implement kelp conservation actions
on the ground. The establishment of this target is a pivotal step in that
direction, signalling that kelp forests are emerging as a priority in the
global conservation agenda. With continued research, innovation, and
adaptive management supporting this initiative, there is cautious opti-
mism that kelp forests can be given a fighting chance to recover and
thrive for future generations.
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